WO 2010/079430PCT/1132010/000154 5SMODULAR DNA-BINDING DOMAINS AND METHODS OF
USE TECHNICAL FIELD OFTINVENTION 10The present invention refers to methods for selectively
recognizing a base pair in a target DNA sequence by a polypeptide, to modified polypeptides which
specifically r‘g@oﬂ)ﬁ?ﬁe?%tﬁ% or more base pairs in a target DNA sequence gﬁa{‘ﬁ%@i{ﬁ% ich is modified
so that it can be specifically recognized by a polypeptide and to uses of the polypeptide and DNA in
specific DNA targeting as well as to methods of modulating 15expression of target genes in a cell.
BACKGROUND OF THE INVENTION Phytopathogenic bacteria of the genus Xanthomonas cause
severe diseases on many 20important 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
[ll 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; Schomack et al. 52006g "l Plant Physiol.
163:256-2?2). 25 TAM@H&&? %rﬁﬁ%‘ﬁ’é@f%&%’léﬁ&lﬁ : 4tF +'8&ntral domain of

tandem repeats, nuclear localization signals (NLSs), and an activation domain (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; Gtt et al. (2005) Nature 435, 1122-1125; Fig. la). The type member of this effector family,
- AvrBs3 from Xanthomonas campESIHSEO0 4k, RiEHidn R 4 BNME N TISepeats 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) MaP Plaheaviesspienieat s rafsrs wynsalm)dsrios selpetberl arrgumisinsfrbseasiing TAL effector

determine its specifipyRativity.thigrbetsioh R NSRBI G dAw NG WQsicall
2010/079430PC§$1I3_2010/ 00154B$£I§a%§y%re shown to b@ ei’gﬁ’ntial for DN -b_indi_ng of AvrBs3 and

constitute a noXRSPEINER- B GG A6 BRSPS e AR 2000 Y ‘setasesng da B Whifhisthis domain
contacts DNA andiWhatigtanniaesspreificiihassamained epigpeiicidoalective geme expression is
mediated via the interaction aof protein trapscription factors with. specific nucleqtide sequences within
the reguiatory FONBITEY TR B PP (YR RAE W BrOtEsn e e able o
discrimindte betweenidifférentdDpéAcsenaenides is an important question in understanding crucial
processes such as the control of gene expression in differentiation and development.

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 (TALYAvrBs3-like effector family via
the type I1T 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; Schomack 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 e al. (2007) Science 318:648-651;
Rémer et al. (2007) Science 318:645-648; Gu et al. (2005) Nature 435, 1122-1125; Fig.
la). The type member of this effector family, AvrBs3 from Xanthomonas campestris

30 pv. vesicatoria, contains 17.5 repeats and induces expression of UP4 (upregulated by
AvrBs3) genes including the Bs3 resistance gene in pepper plants (Kay er al. (2007)
Science 318:648-651; Romer er al. (2007) Science 318:645-648; Marois ef 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
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10 The ability torspecifically design and generate DNA-binding domains that recognize a desired DNA
target is highly desirable in biotechnology. Such ability can be useful for the development of custom
transcription factors with the ability to modulate gene expression upon target DNA binding. Examples
include the eXEABEHE K done with 15the design of custom zinc finger'gﬂwﬁﬁ?f&mﬁ"&f‘oteins specific
for a desired target DNA sequence (Choo et al. (1994) Nature 372:645; Pomerantz et al., (1995)
Science 267:98:8614 weet b pRriochdNatkntiehthr SEVAJSAI % 65 25:5630:(d 097 iGuametel. (2002)

Proc. Natl. AcggnRalildHp c?&i?aﬁ?&é&}%?’&ﬂ(édo%?\l@%n%% 178%1%&%,@ - How iRAublRif 220, 719).

Furthermore, polypeptides containing designer DNA-binding domains 20can be utilized to modify the
actual target DfeAtaEs LR asyvehe F?%W@ﬁ%ﬁ@%@éﬁ%@@%@@%h as a nuclease catalytic
domain, within the polypeptide. Examples of such include the DNA binding domain of a

meganuclease/homing endonuclease DNA recognition site in.combination with a non-specific - -

nuclease domaR{EEE SEPIPTRBIAL 3DBrP YA THdfeiehtdp i ganEId s BRI adgHition 25site

and/or nucleaseidopaiiik iastethdsaqneaedifrientineganicieasas sgek) Snd ahApp. Pub.
20090271881), and zinc fllin&ec:}r)g%q}%rg{s in combination with g domain with nuclease activity, typically

on enadonuctease slich a5 Pk BBk 50 > (280%) SHERTE 300:764; Umov

from a type 1S FESH o En
etal. (2005) Natufer483) 646 Qlcuddnjsenam(@086) Nattive 46@)*3Kaddibs Towndenaetal (2009)

Nature 459:44%4‘5'%@ et 39al¢(1926) Prac. N I &g t§q1 U3A R L156-1160; U.S. Pat. No.
7,163,824). The Ccu?ﬁent rchet%o%gs %%%lz%%agr fger?rt{lf?/%lir?;g crhsafo(r)n zfl?rtllcc%ngg DNA-binding domains
employ céfhbinatorial selection-based methods utilizing large randomized libraries (typically >108 in

size) to generarﬁauyﬂifﬂw%se@ﬁmﬁmw degisescRNASResHiey.(GraisRan&Rabaid§97) Science
275:657-661; Hurt etal. (2003) Proc Nat! Acad Sci USA 100'12271-12276; Isalan et al. (2001) Nat

Biotechnol 19:858I66B™NSviERgR! dtrbeiafestiahle iR ieRRicIsh dbHaHtR § g Bbigntially quite
costly. The ideriffigaiiqipoba siftpieircRGRKPHGOREEN it eRgibaasing mb@MA-pinding polypeptides
-would represent a significant adv nt over the current methods for designing DNA-binding
omain that 16X BNIE SR R GU rbE R P SRR PR ROENIBON The
present disclosheel prigvidbsustonetivadfoycp DN Acodap plypepticieethtit Reledliviebd tegagnizes a base
pair in a DNA e thod compyising. synthesizing a polypepti rising a repeat
domain, Wherﬁ%e% %ég?&%giﬁggz'%ézg%u%éz%ﬁ%}r%geae'{ un%t%ﬁ%@%n% a %anscription
activator-like (BAT:Péfféclon eihbréireth&edpbeadinit ctimbPdds 2 tiiseriatdh Gvegismivhich
determines recegniionf HRAASEPAIKIA e QNAB6gUSHEE; WRersn e fepsabanit i§ iegponsible for

the recognition of one base pair in the DNA sequence. ] o )
No. 7,220,719). Furthermore, polypeptides containing designer DNA-binding domains

20 can be utilized to modify the actual target DNA sequence by the inclusion of DNA
modifying domains, such as a nuclease catalytic domain, within the polypeptide.
Examples of such mclude the DNA binding domain of a meganuclease/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 1IS restriction endonuclease such as Fokl
(Bibikova et al. (2003) Science 300:764; Umov et al. (2005) Nature 435, 646, Skukla,
et al. (2009) Nature 459, 437-441; Townsend ef 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 utihized 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 ef al. (2003) Proc Natl Acad Sci
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In a first aspect, there is provided a method for producing a polypeptide that selectively recognizes a
target DNA sequence, the method comprising synthesizing a polypeptide comprising a repeat domain,
wherein the repeat domain comprises repeat units derived from a transcription activator-like (TAL)
effector, wherein the repeat units comprise a hypervariable region which determines recognition of a

base pair in a DINAIS8GBRLE 2@ fersimathe’ rdp P bR A28 etlgereNretedtience, and

wherein the hyperyariable sedion comprSRSAMeMbR! seleeiad, fiam thegronp consisting of: (a) HD
for recognition of C/G; (b) NI for recognition of A/T; (e)NO for recognition of T/A; (d) NS for recognition

of C/G or AIT dReatiiennerof e NErBICREBEHMTOACETS BRI RE R PO g Eof T/A; () N for
recognition of gé‘gpé@i&éw@ﬁim%ﬁm ofoGiGz % TéhrHd daeseseanitionati/AxapdsaPNK for
recognition of G/C; and wherein synthesizing the polypeptide compri $ssembling the repeat units to

es,
generate the reélSSRHSMARTRHEEE SO TSHAEE e iSRS R & peat units of the

present disclosure and can be constructed by a modular approach by preassembling repeat units in
target vectors that can subsequigw @Wﬁ? QWW?B% vector. The disclosure
provides the polypepti de produ this me as well'as sequences encoding the
polypeptides and host organisms and cells comprising such DNA sequences. In a second aspect,

there is provideg.3 polypaptide.radyred bydhametied asdalineshahevanwbarsindhe polypeptide

comprises an artificial repeat domain. In a third aspect, there is provided a DNA comprising a coding
sequence for thecppiyeptidecpradice @byitkrsvsethol o edbfih corbvies fhdis e polypeptide
comprises an ar%%‘?é{g@@ ] ﬁ@a@ﬂﬁ‘aﬁé%@iﬂﬂ%@ ISREPYiIdRL A SAPIRsSI0R ASSEtte

ed o

comprising a pr% r operably lin the DNA as defined above. ]
one repeat unit derived from a transcription activator-like (TAL) effector, wherein the

repeat unit comprises & 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.

In a first aspect, there is provided a method for producing a polypeptide that
selectively recognizes a target DNA
sequence, the method comprising synthesizing a polypeptide comprising a repeat domain,
whérein the repeat domain comprises repeat units derived from a transcription activator-like
(TAL) effector, wherein the repeat units comprise 4 hypervariable region which determines
recognition of a base pair in a DNA sequence, wheren the repeat domain recognizes the target
DNA sequence, and wherein the hypervariable region comprises a member selected from the
group consisting of:

(2) HD for recognition of C/G;

(b) NI for recognition of A/T;

(©) NG for recognition of T/A;

()} NS§ for recognition of C/G or A/T or T/A or G/C;

(2) NN for recognition of G/C or A/T,

{f) 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; and
wherein synthesizing the polypeptide comprises assembling the repeat units to generate the repeat

domain.



In a fifth aspect, there is provided a non-human host cell comprising the expression cassette as
defined above. In a sixth aspect, there is provided a transformed, non-human organism comprising the
expression cassette as defined above. The present disclosure provides a method for selectively
recognizing a base pair in a target DNA sequence by a polypeptide wherein said polypeptide
comprisd$%E RAKR HFed tofoMralASeHYRRING repeat units wherein in said repeat units each comprise
a hypervepiabia regioncwhighdeieuninesdeengsiionalabase paikiasaiddalgset DNA sequence. Ina
seventh _ 1 ' thod for.selectively recognizing ba airs in a DNA sequence
by a poI%Ee%%%%%ﬁ%erﬁﬁétc%{u%ﬁ%i%%%ﬁlaeggr%ssttpli%ﬁ% Sé*ebggﬂ/“;?é’%ﬁ(% é%os%nﬁstr%%gné ?epeat domain,
wherein fine! igp@satidoveain:cbmpristsrepeatideitblprlvech fidrpradtsed efféctor, wherein the repeat

units COmpriza ésW&%@ﬁ@@'&aﬁsﬁe&wmsﬁiggiﬁégﬁyp%ﬁﬁaeggﬁmﬁf 080N a DNA sequence,

!
wherein the repeat domain recognizes the target sequence, and wherein the hypervariable
region cGRPREBEEERFRPIENtBERSH the gr oup consisting of: (&) HD for recognition of C/G; (b)
NI for recognition of NT; (c) NG for recognition of T/A.; (d) NS for recognition of C/G or A/T or T/A or

GIC; (e) NN J0r i qition, of GIb AL T OLEyTor recagnision.pf &%%\io%%ﬁ%%&zfa%%%w%ﬁf C/G;

(h)HG for recognition of C/G or T/A; H for re;%%nmpn of T/A; and a)NK for recognition of G/C; and
wherein CERSHRERHT A8 PoIHEPHIE CopRYeEaembling the repeat units to generate the repeat
domain. More specifically, the inventors have determined those amino acids in a DNA-binding

polypepthqg Ies ons@l&for.selectlwg1 ! gnltlon of base pairs in a tarl%?'%hDNA sgéyd%nce WI&h

e di
elucidation o}tutrhea Stpee'(c‘fdgneﬁ?oiﬁ lggﬁle,e a generg?%%séﬁﬁg for 1r'n‘sgt:sc‘)itfjurlmEf?icneg spe%ﬁloclz pg{Pg%%ea target

DNA seduéhcatijodaiedtboed atioe: aelgzein Gpipepidiechrsriveermdetémal mertaTdminwentors have
found that distinct types of repeat units that are part of a repeat unit array of varying length have the

capacity to reco%nize onge defined/,s(Pecific base pair. Within each repeat unit forming a repeat domain,
a In a fourth aspect, there is provided an expression cassette comprising a promoter operably linked to

the DNA as defined above.

In a fifth aspect, there is provided 2 non-human host cell comprising the expression cassette as defined

above.

In a sixth aspect, there is provided a transformed, non-human organism comprising the expression

cassette as defined above,

The present disclosure 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 sai& repeat units each comprise a
hypervariabie region which determines recognition of a base pair in said target DNA

sequence,
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hypervariable region is responsible for the specific recognition of a base pair in a target DNA
sequence. Thus, the present disclosure provides not only a method for selectively recognizing a base
pair in a target DNA sequence by a polypeptide comprising at least a repeat domain comprising repeat
units but also methods wherein target DNA sequences can be generated which are selectively
recognizéd B FRBeaPHIRATAS FFA 196RHBAtIE faHe BrEe L tre SISENS reAHIRY dP & method for
construating palygeptiges that recognize specific DNA sequences. These polypeptides of the
disclosure corrlp({eis%ge ehat units of the Bresent discl{osure and can be consgr&lcted by a modular

approacﬂollcfﬂ?e reassem T.r?& ?Cé% A nTSin %"nge? ?/%8?8%1?}%5? CAR SIS eua”en?lr)l/mrzl)% assembled into a
final destihetiorihraenset fhendiseiusisee ratse! provides el ietho dfbrefiagetethanodtiation of gene
expéeési@g&yufﬁp&&éﬁiﬂgg Hﬁ@%&g@{%ﬁ@%&&%E&§B@ﬁ%ﬁ@@c@%n@%§ﬁ%ﬁﬁ@? of int_grest,
modifying a polypepti the addition of said repeat units so as to enable said polypeptide to now
recogniz%]? es?g‘l%é%lj’l%ﬁfféiﬁf}}(%?}’éﬁ% Oé?aé&lﬁfé)gg%%s &Kie %g)l}\lg‘ds %qou@nﬁg’paf?gzwﬁgg%%ﬁaryotic or
eurkarydtipzeirsbiastoenahie saidhmotifiedepel/peptitie 2owe cognizes e target DNA sequence, and
modulation of the expression of said target gene in said cell as a result of such recognition. In an
eighth aspect, there is {srovid8& &cniethgitor Riddbtating expression of a target gene in a cell, wherein
cells are provided whigh)containia potgasptide avherein the polypeptide comprises an artificial repeat

domain, wherein the artificial ﬁ%g)?at domain cgrp&rjses at least one repeat unit derived from a TAL
ni

effector, wherein the réc eat u c%r%ﬁ?%ééog%'ypefvariable region which determines recognition of a

base pair in a DNA sedéiencelivfreretnahieorepddtdomaimteoghizés the target DNA sequence, and

wherein the hypervariakle regigngamprises-anmembes gelected from the group consisting of: (@) HD
for recognition of C/G; (b) NI ecoc%l;griltlitg)&}1 %g,%/'l'_; (c) NC for recognition of T/A; (d) NS for recognition
of C/G or Air or T/A or G/C; %Trere‘f:ognltlon éfG/C or A/T; IG for recognition of T/A; N for
recognition of C/G; HGfdr re¢dbémitterzoficIGi6/F/A; H for recognition of T/A; and NK for recognition of

GIC. (h)  HG for recognition of C/G or T/A;
(1) H for recognition of T/A; and
M NK for recognition of G/C; and
wherein constructing the polypeptide comprises assembling the repeat units to generate the repeat

domain.

More specifically, the inventors have determined those amino acids in a DNA-binding
polypeptide responsible for selective recognition of base pairs i a target DNA
sequence. With ctucidation of the recognition code, a general principle for recognizing
specific base pairs in a target DNA sequence by selected amino acids i 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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The disclosure also provides a method for directed modification of a target DNA sequence by the
construction of a poiypeptide including at least a repeat domain of the 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 enabli rgeted DNA modifications in complex genomes. The
disclosure fartH&PHrEvIARS ?W?ﬁé%ﬁﬁ%r}?ﬁ%% %mgd%ﬁ%C%oﬁ§/(6’$%l es] n%ﬁaéfn}éaart%gﬁrgc}epeat
domain comprising kepeaicanits wherein a hypervariable region within each of the repeat units
determines selective recognition of a base pair in a target DNA sequence. In a ninth aspect, there is
provided a polypeptide comprising an artificial repeat domain, wherein the artificial repeat domain
comprises at |&4ss, oimeprepebdisdisdeiveddrony T BfdebionstertisiherspeEatimit comprises a

hypervariable tegiog Which delerRiesdeepaniian.dl phase akidPNAsedLRAce, wherein the

repeat domain reco%nlzes the'target DNA sequence, an erein the }é ervariable region comprises
a member seledtethiraentaspOIPEORBIE Y s DI RSESD HtBH SABPRstetrecognition of

All'; (c) NO for yecagnition %Mré%mi&eryr?&@gﬁmw E{;@%@&oﬁfﬁﬁé HA wg/ggﬁ@ NN for
recognition of G/C or A/T; (f) 10 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 O)NK for recognition of G/C. In a further

embodiment offtkeldigciosure; BiNAdis frovidetiodtiichentodies fohapolisdptidecesritsining a repeat

domain as desgribed BROVE. N A.LePH-aspRch-HRH i Rrovided.A ROy cisINGiA 6oding sequence.

for the polypeptide as defined above. . :
the present disclosure and can be constructed by a modular approach by preassembling

repeat units in target vectors that can subsequently be assembled into a final destination

vector.

The disclosure also provides a method for targeted modulation of gene expression by
constructing modular repeat units specific for a target DNA sequence of interest,
modifying a polypeptide by the addition of said repeat units so as to enable said
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
polypeptide to recognize the target DNA sequence, and modulation of the expression of

N

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

In an eighth aspect, there is provided a method of modulating expression of a target
gene in a cell, wherein cells are
provided which contain a polypeptide wherein the polypeptide comprises an artificial repeat
domain, wherein the artificial 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 domain recognizes the target
DNA sequence, and wherein the hypervariable region comprises & member selected from the
group consisting of:

(a) HD for recognition of C/G;

{b) NI for recognition of A/T;

(c) NG for recognition of T/A;

(d) NS for recognition of C/G or A/T or T/A or G/C;



In an eleventh aspect, there is provided a method for producing a DNA comprising a target DNA
sequence that is selectively recognized by a polypeptide comprising a repeat domain, the method
comprising modifying a DNA 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{f@ast @ﬁ\éfﬁéﬁ%"ﬁg@ﬁﬁﬂd’éﬁ%d"fr%m a TAL effector, wherein the repeat unit

comprises a hypervariable regianwhisiideiermines recognition of a base pair in a DNA sequence, and
wherein the repeat d% ain &%%@J%% 1the gqégrgt DNA sequence, and wherein the base pair is
selected from the gro rg conS|s°tring cﬁnfzgfl /G fdr recognition by HD; (b) Arr for recognition by NI; (c)
T/A for recognition byiNO; (HFEGT wewgriter T/A/6r G/ or recognition by NS; (e) G/C or AT for
recognition by NN; (O('[)/A forrecoghitianchy s (&E/G or T/A for recognition by N; (11)T/A for
recognition by HG; (OT/A for recognition by H, and G/C for recognition by NK. In a still further
embodiment of the di@&:losu}g?%)ﬁlgf&cf?ﬁ%éi I—%e%az\gxihich is modified to include one or more base pairs
located in a target DNA sequence so that said each of the base pairs can be specifically recognized by
a polypeptide including a repeat domain haying corresponding repeat ynits, each repeat unit
comprisﬁ& gi?ﬁl/(bg@}:?/gﬁ%ﬁfg‘gg&? h %ﬁ%??h?f? GF?é%coa 1ﬁﬁi%trnao?‘rﬁ?ctalllé:%tg\*esponding base pair in said
DNA. In ggtibnfisrthehehatlinnentodithel gisslnsureluises ol thoser-pelyprptidesand DNAs are
provided., ]Adadigiiogeailllg] grt%\a/;q_ed are -Psl‘%n}tc?t ég!%gb%{t%é seeds gclﬂgta tC%”% and otq%r nonhuman host
cells trarf&formed with the isolated nucieic acid molecutes 6 ?he presseh HisAiGRUTE and the proteins or
polypeptidescentodedfimctived ddmeisegpabhceSnofdHeg nrelse ti gis EidBueucBtit fusther, the polypeptides
and DNAéigeeg']%ﬂlzg?cdrpc%%ri]ngﬁgnpFestriotion or integration of donor target sequences) thereby

enabling targeted DNA modifications in complex genomes.

The disclosure further provides for the production of modified polypeptides including at
least a repeat domain comprising repeat units wherein a hypervariable region within

each of the repeat units determmines selective recognition of a base pair m a target DNA

sequence.

In a ninth aspect, there is provided a polypeptide comprising an artificial repeat domain,

wherein the artificial

repeat domain comprises at least one repeat unit derived from a TAL effector, wherein the repeat
unit comprises & hypervariable region which determines recognition of 2 base pair in a DNA
sequence, wherein the repeat domain recognizes the target DNA sequence, and wherein the
hypervariable region comprises a member selected from the group consisting of:

(&) HD for recognition of C/G;

(b) NI for recognition of A/T;

{c) NG for recognition of T/A;

{d) NS for recognition of C/G or A/T or T/A or G/C;

(&) NN for recognition of G/C or A/T;

(5 IG for recognition of T/A;

(8) N for recognition of C/G;

(h) HG for recognition of C/G or T/A;

(i) H for recognition of T/A; and

Gy NK for recognition of G/C.
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introduced into animal and human cells as well as cells of other organisms like fungi or plants. In
summary, the disclosure focuses on a method for selectively recognizing base pairs in a target DNA
sequence by a polypeptide wherein said polypeptide comprises at least a repeat domain comprising
repeat units wherein each repeat unit contains a hypervariable region which determines recognition of
a base Pairfinterigmbedion®NA Bedisclee whdtdils BorsEeInsTEHodeLioE correspond to consecutive
base paf';&}iﬁeﬁgg@ g@ﬁggﬁigé\lﬁagqug@%mmg[ﬁ&%ggﬁ{}%ﬂON 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 (NLS) and an activation domain (AD). Amino acid sequence of the first
repeat R AveBa3sgtptrvaiiabie dasind deéidsmriaing 1 Sodreedauadc Py s P¥BYHyfervariable amino
acids at.pasHion k2.and 13 of the 17.5 AvrBs3 repeat units are aligned to the UPA-box consensus
(21). (C) Repeat units of TAL effectors and predicted target sequences in promoters of induced
genes were aligned manually. Nucleotides in the upper DNA strand that correspond to the
hypervariahlelaminegeidstirreachrsrededt welte ¢ bunteddsasediaiAhe following combinations of eight
effectors and.exgerim%gﬁl\%igegg[flicequgrget genes: AvrBs3/11s3, UPA 10, UPA 12, UPAI4, UPAI9,
uPA20, UBRITIUPAZS, UPAZS, AvrBs3Arepl6IBs3-E, AvrBs3Arepl09/Bs3, AvrHahl/Bs3,
AVrXa2 B 7 Pvxolixd b3 2P Xese ! s TRRIT PR XEPHOsTIHAE s S8y, STt ominant
combinaighs. (>Arie.shaded in gy Arastatskindicates datamioemacie $3igdOmissing in this
repeat type, (D) DNA target spa%ificitylcod% 11=A/G; l})lz@/%/{g/'g%aolf r%%e%t types tggtsed on the
hypervaFEbie BRitAG R T8 G (e 8T entAlly proven in iz VY. 15 Figure 2 Target DNA
sequencismafidaxi-itaxsiantbhtaxdcf AiAdiheids 2 D dnef 3 6f thertlle /#5%3nEnd Hax4 repeat
units a”@ﬂfﬁ!&é@% qet RNA seeciicitiesdiaxhex) 20 R b Haxhoxesiversisloned in front of the
minimal Bs4 promoter into a GUS freporter vector. (g% %Pf%%ﬁ%%k”dumbﬂgy of the Hax-boxes by Hax
effectorse TS TAPONET BB TR NEPE RoHERIRE VA & tiniefaciens into N. benthamiana with
35S-drive; Rax2:ha¥3: LS hexscruederopthd s cfkinagpettively (error bars indicate SD; ri=3
samples; 4-MU, 4-mep'%/l-ur’rapglyg,e[gcne e E}WLﬁ@A (+) served as control. Leaf discs were stained with
X-Gluc (5-bromo-4-chioro-3-indolyT-P=D-glucuronide). Figure 3 1DNA base pair recognition
specificities of repeat fypes. 80 for recognition by NI

{¢) T/A for recognition by NG;

(d) CT or A/T or T/A or G/C for recognition by NS;

(e) G/C or A/T for recognition by NN;

H T/A for recognition by IG;

(g) C/G or T/A for recognition by N;

(h) T/A for recognition by HG;

(i) T/A for recognition by H; and

) G/C for recognition by NE.



WO 2010/079430PCT/1132010/000154 (B) Specificity of NO-, HD-, NI-, and NS-repeat units.
Hax4-inducibility of Hax4-box derivatives permutated in repeat type target bases (gray background).
(C) Specificity of NN-repeat units. Artificial effector ArtX1 and predicted target DNA 5sequences.
ArtX1-inducibilit g{ﬁof ArtX1 box derivatives peimutated in NN-repeat target bases (gray background).

(D) ArtifieiaFafrEathrs b i Hibesisresas ot DNE MG rosde RSELisldE) Specific inducibility of

ArtX-boxesay srtiticiabeffegtorsiréAdcat) iobarpephes @eqtsdﬁuet@\&erem-aeh\rﬁred via A.
tumefaciens into N. benthamiapa with 35S- d&liven ha>§4 art or artX3 genes, and empty

T-DNA {# ?Wﬁégﬁ\‘i@fyb%%@c (A T8 82 A BT ER 1&58 BrtdBeihed with X-Gluc. 15For

quantitaive slataseg figeshbn&igiirepdat mmrrﬁmhllmpﬂﬂhmzbcﬁdepeamgmtb;y@erewbed for transcriptional

activation. ‘éﬁ? @rtrgrcral ArtHD effector&yl\gth %@Eero% bers %591%75)\ A HD-repcat units 20(total
1.5 to 168 PBpEEFL ARSI KRR HS Arget Box gonsréll%w ot A C was cloned in front of the

minimal Bs4 promoter into a GUS reporter vector. 25(C) Promoter actrvatlon by ArtHD effectors with

drfferent num é{%f reé%at unrts Cﬁhs r| en effector ene or enryt)%/ Were codelivered via A.

tumefact? 1rrelf)][(l)tr &r Construct 1 %GRIO{) %ﬁgnﬁg S%r""é‘r bars |n(§|cate SD; n=3

samplesrpmvmd)f@g&(?nﬁﬂ%{ W)sté@d/é@@éa’é@nﬁéﬂt Pagh digedsvidiat seliheadatheeiuc. 30Figure 5 |

Alignmept of DNA 1a1get. Seayeness iR Rieis ot ind uearkasnss wish ihehyagrvariable amino acids
12 and 13 of TAL effector repeat units. (A) Repeat units of AvrBs3, AvrBs3Arepl6, AvrBs3Arepl109,

and Avridablbwereralifnedtorther pRypdpoddnairedsrobachercof s prepess BGW-30R Bs3 gene

(accessinp ¥ Q20100324 ORCTAAZMMUANAL SH NI ARBA:AWBEAGRLO and AVrBS3Arep109
-are deletion derivatives of AvrBs3 in Whlﬁ ﬁ&t Unltﬁ ]76 and re eat gp g&ém were deleted,
respectiVBRPIRGHBEL AR AT SRVYEtat Bt RoP 9}:@@ Hpie'ih fhe HR in

ECW- BOBa@l@,nts

In summary, the disclosure focuses on a method for selectively recognizing base pairs in

a target DNA sequence by a polypeptide wherein said polypeptide comprises at least a
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 unifs correspond to consecutive base pairs in said

target DNA sequence.
BRIEF DESCRIPTION OF THE FIGURES

Ficure ! | Model for DNA-target specificity of TAL effectors.

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

AvrBs3, Hypervariable amino acids 12 and 13 are shaded m gray.

(B) Hypervarizble amino acids at position 12 and 13 of the 17.5 AvrBs3 repeat units
arc aligned to the UP4-box consensus (21).

by



(B) Repeat units of AvrBs3, AvrBs3Arep16, AvrBs3Arep109, and AvrHahl were aligned to the
non-functional UPA -box in the promoter of the pepper ECW Bs3-E gene (accession: EU078683).
AvrBs3Arep%§ 2&&@9% vrBs3, AvrBs3Arep109, or AvrHahl induce the H1I3 1{1 Igzeé)@er ECW plants. (C)
Repeat units o? vrXa2/ were aligned to a putative target sequence in the(i)r’om B e rice xa27
gene. Xa27 (accession: AY986492) is induced by AvrXa27 in rice cultivar IRBB27 leading to an HR,
but not xa27 (accession: AY986491) in rice cultivar IR24. (D) Repeat units of PthXol were aligned to a

putative target geprgnse JrithernremeteretihadicedadPRsBNI drisHabiiAceassion: DQ421396)
is induced by PthXol in rice cultivar 1R24 Ieadin%? susceptibility, but not xal3 (accession: DQ421394)

in rice cultivar IBBI8IBEES RSPt srBtix e Hertdshgn iy waep tdverand Brsequence in the
promoter of thessicesfaad kothdeneriachessionnd Ki083 1Ak kal isdrdicatbyRIPGoMN rice cultivar
IR24. 25(F# Repeat units of PthXo 7 v¥.rer.e %Ii%pegl to a(gutative tar t%eqtugné:e in the promoter of the
rice OSTEIAY g°e,%’%§85%@§?“58 ERA THS R R SRS BB it rs T RIBF 188955 (A) - (F)
Numbers abové thissBRy, débéthdeBAndidabe hdlgutide dRAANCERA HieliPst230UAG N the coding
region. Repeat/, nati hi rpredigt rget specfic mino acids 12/13:
A HDC: N B A P R s with unknown
target DNA spdtiieity/ seé e Sibdeti hdrEen thiioy 201011 94 GoPEiE/ 51320d01000154 Figure 6 | The
DNA region proisstchnerBe3ACaR&is4 hRyshasterdhan with.AV BB asy,of DNasel
footprint analyses with AvrBs3 and AvrBs3Arepl6 (see Figs. 7, 8). (A) Bs3 (top) and Bs3-E (middle)
promoter YequBHERREIFIERISABY YRFBs3 and AvrBs3Arep16, respectively. DNasel footprinting
revealed that AvrBs3 protected 37 10nucleotides of the sense strand and 36 nucleotides of the
antisense strand o s3 promater, an r 1 ected 30 nucleotides of the sense strand
and 32 nucleo:@ $ Oﬁ‘gh%%er%gg %8@&%%%@?%2%%%@ %ma@}r?@ﬂ%t OBR BHCLAY e predicted
AvrBs3Arepl6iypxrare abidsrine dcidiPiR20w b (hevres ibaptppeannates swayiences protected by
AvrBs3 and AvrBs3Arepl6. The UPA20-ubmrl6 promoter is a 15UPA20 promoter derivative with a 2
bp substitution (GA to CT, bold italic) that results in recognition by both, AvrBs3 and AvrBs3Arep16.
DNasel fdétpridfinigaeydalset thAyesauatlesstirfddant tifuchind Blrathd and 34 nucleotides of the
antisense strand are protected by AvrBs3 (UPA-box is underlined), and 31 nucleotides of the sense
strand and 32 nucleotjdes of the antisensc strand arc protected by AvrBs3Arep16 20
(AvrBsBAreplé—*bb&rfg‘lﬁ’rﬂfé?’ﬁﬂ%&}?ddﬁﬂfr@@iﬁ%§%ﬂ%§daﬁﬁdfé’éﬁfEA%B§8§S@ﬁﬁééi€(¢\%@ssArep16)
refer to the coraigatprntsybitkivereipkaiecied by AvrBs3 and AvrBs3Arepl6, respectively, in every
experiment, even with.low protein amounts (equal molarity of DNA and protein diners) DNA regions
shaded in gray refer to nucleotides which were not protected in all of the 4 experiments at all protein
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, rumefaciens into N, benthamiana with 35S-driven hax2, hax3,
25 hax4, and empty T-DNA (-), respectively (error bars indicate SD; n=3 samples; 4-MU,

4-methyl-umbelliferone). 358::uidA4 (+) 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 specificitics of repeat types.

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

mto a GUS reporter vector.



25concentrations 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 3Pends viBs3- and AvrBs3Arepl6-protected promoter regions which corroborates our
model__ that%rég 3%%%73?3&)0ntacts one base pair in the DNA. 30 (B) Alignrﬁgﬁflgf%]/%%@“and
AvrBs3Arepl6 target Dé\IA ichuences in the UPA20- ubtn-r16 promoter with AvrstS anbi/}b
AvrBs3Arep16 (@pexcibeicres Hypdilarbibleradnfioreptasuaitpddiidninduehiind)f Repebotbase
combinations npimatching-Qur. MG, 204040794 30RGTIM3 PRQ1ad. peedicted target specificity
‘(amino acids 12/13: NI:E; HD=C; NO%SX?C/O?D aﬁre c%o%gzed in red. y Figure 7 Bs3 and Bs3-E
promoter sequences protected b- AvrBs3 and AvrBs3Arer)16, 5respectively. A répresentative DNasel
footprint experigpBhisisoRyeE WNLRS3DiNaschioptainimrtheBs3 RIAPRISEEAANeBCe A,
upper/sense DNA strand; B, | ower/antise DNA str n,ql). AvrBs3Arepl6 DNascl footprint on the
895 protote SETEHA (L TISHER IS aE NS S R SE R Aldarse TSRERIHER). (A) - (D)
(top) FluorescdntiyslapelibacRERuptpduct was incubated with a 5x molar excess (calculated for protein
dimers) of His6::AvrBs3, His6::AvrBs3Arepl6, and BSA, respectively, treated with DNasel and
analyzed on a capillary seqtg%ncer. The y 15axis of the electropherogram shows the relative
fluorescence ifff@héiiiisotreSpediny 2 nedABXE Ald/ddrved EdNdetaseesxamdn@sc) or the
51-HEX-labelled antisense strand (b, d) of the PCR product on an arbitrary scale. The traces for the
reactions&Véith Eﬁ%ﬁ%pi‘%ﬁ%ﬁﬁ& Oégriss&?:@\gg%?rére%lég (r&d), respectively, and BSA (black,
negative €ontréty 2RFEHE HRPH8e A A reRit et I B sedlieHet it in the presence of AvrBs3 or
AvrBs3Arcpl6, respectively, in comparison to the negative control corresponds to protection. The
AvrBs3Arepl tical lines. (middle
Eleciropherogribh-Jtha O\ PR G5 SoTBUREL B HHAAHBLIEaespond to the DNA
nucleotide sizebstaitaitha rehpietinhiechtamge! 2200 xesdf herelfeciorsjadhePy/ Tsposepce are

underlined. Nuf,l?e%%gc ?Vg@fv%gdu%ﬁ (+) served as control. Leaf discs were stained with X-Glue.

15 For quantitative data see Fig. 11.

Figure 4 | A minimal number of repeat units is required for transcriptional activation.

(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 4. tumefaciens with the
GUS-reporter construct into N. benthamiana (error bars indicate SD; n=3 samples; 4-

MU). 355 widA (+) 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 AviBs3, AvrBs3Arepl 6‘, AvrBs3Arep109, and AvrHah] were
aligned to the UP4-box in the promoter of the pepper ECW-30R Bs3 gene (accession:

-7 -



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 AvrBs3Arep16 (c, d),
respectively.vs o%%rp%gl%&\lA PCR product used for DNasel footprinting, amplified from the Bs3 (a, b) or
Bs3-E (c, d) promaoters, r%spectively. The 30protected regions on the sin EPRAUPLHTE are indicated
by gray boxes. Numbers below refer to nucleotide positions relative to the transcription start (+1) in the
presence of AVEBE3{884D) HrlsrBed fepibAer B3 degpPébtarelgs I Tihen experinvents wersieipeated three

times wih Simigh g5 WA 301V SR CITERNLO000I5 FiRIEd L 4PAZ b 10

promoter sequence protected by AvrBs3 and AvrBs3Arep16. A representative’ DNasel footprint
experiment. AVBESSAATFPAB 884 A TRID Nug@os fsoiidiren! thadypatho B in G YHréRoter sequence
(A), upper, sensgddNA strand; (B) lower, antiscnse DNA strand). (top Fluorescently labelled PCR
product was incubated with a 5x molar excess of His6::AvrBs3, His6::AvrBs3Arep16 and BSA
(calculated for protein dimers), respectively, treated with DNasel and analyzed on a capillary
sequencer. Th¢B) Rxiscaf s eleatraphierogiinsboms Akeselativa fhoresseraenintessity
10corresponding to t -6-FAM-labell se strand %11 or th 1-HEX-I|}%§‘I(E isense strand (b)
of the PCR prodt egga%ea%ﬁr%?f%é%% g(&?g& t?’ééré?' fof géortg%l%%itglﬁéj A i .:Ef/?lgige(ﬁreen),
His6::AvrBs3AfepEss(padFHAGRHTS négabyd/\ceptiobBSut (Alatisp wevdBsiipeniiSosedvATaduction of

peak height in the PLESERGE;R QW%M@SSAprlG in comparison to the negative control
corresponds to 15 protection. The protected regions are indicated by green (AvrBs3) and red

(AvrBsBA]’Qp16) vertical lines. (middle) Electropherogram of the DNA sequence. Orange coloured
peaks with nU%?P&eﬁ@iﬁﬁﬁﬁ@ﬂﬂﬁ@rﬁ@W&M%ﬁé&iﬂﬁdﬁjﬁ%ﬁ@ bl s DEIRRUFRR oyEIRM by AvrBs3

" are marked by%rglen,lines and a green box (with the UPA box underlined), nucleotides covered by
AvrBs3Arcpl6 GriwiikEaB\rag ifed FESRiot e BEX Raits tREvasH BE $26-Bdictinderlined). The
UPA20-ubm-riémnaalfoBEGAc e iad Josiridicaiechis lalics.dhetiom BN RERpraduaitged for
DNasel footpri ﬁ'gg, amplified from the UP,420-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
transcriptién start (+1) of the UPA20 wildtype promoter in the 25presence of AvrBs3. The experiment

was repeated WispR RS IULPITHIRFGRUIEIRLR 2 e apotteL FORSIHiG: JRIISLPNA
sequences (TAL effector-box) were inserted 5of the minimal tontato 854

of the rice Xal3/0s8N3 gene. Xal3 (accession: DQ421396) is induced by PthXol in

rice cultivar IR24 leading to susceptibility, but not xa/3 (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 OsTFXT gene (accession: AK108319). Os7FX7 is induced by PthXo6 in rice

cultivar TR24,

25 (F) Repeat units of PthXo7 were aligned to a putative target sequence in the promoter
of the rice OsTFII4y! gene (CB097192). OsTFIIAy1 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 unkilown target DNA épeciﬁcity are coloured in

- green.



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 uid,4 (p-glucuronidase,
GUS) gene. attB1, attB2: GATEWAY recombination sites. WO 2010/0794 T/ 10/000154
Figure-10 | Iinfe%%%ir?%%gﬁsgpeciﬁcity of the putative repeat 0-in Hax3. (A r/r%l%lgﬁo sgs(ijtz and 13 of
Flax3-repeat units and four possible target Hax3-boxes 5with permutations in the position
corresponding to repeat 0. (B) The target boxes were cloned in front of the minimal tomato Bs4
promoter into gEHS d eRRLIBNVE S0l Gt hifles iy 30BrdriveRdae igmpty T-DNA (-)
codelivered via A. tumefaciens with the GUS reporter constructs into N. bentharniana leaf cells (4-MU,
4- methyl-umbéﬁﬁgﬁéne; n=3; error bars indicate SD). For qualitative assays, leaf discs were stained
with X-Gluc. The experiment was perfintiled twice with similar results. 15Figure 11 | DNA base pair
recognition specificities o aes. Hax4- and ArtX-box-derjvatives ywe oned in fropt of the minimal
e promier SHSEERLAE ST VERRET, BMERaD ASEERS PG, A BOCATE B BNG., D
NI-, and NS-reprat 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, respatfivél(fophind EaUsudhormspoormstiotisniesreresdehir o iadandemefaciens into N

30benthamiana [ea{ s&lls, iQRIBRENLY 3BRadbivVR AN AN daiitid A MBS SENRRayay bars), and
empty T-DNA (a, b, white bars; c, -), respectively (n=3; error bars indicate SD). 35S::uidA (+) served

as control IThetdsisetitie pishpsrasssHenfsy ffraudrReden nhilmandsssfand of the Bs3

promoter, and AvrBs3Arepl6 protected 30 nucleotides of the sense strand and 32

nucleotides of the antisense strand of the Bs3-E promoter. The UPA-box and the
predicted AvrBs3Arepl6-box are underlined. UPA20-ubm-rl6 (Jower part) promoter
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 recogfiition by both, AWB;';B and AvrBsEArep 16. 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 AviBs3Arep16
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 ong base pair in the
DNA.
30
(B) Alignment of AvrBs3 and AvrBs3Arep16 target DNA sequences in the UPA20-
ubm-ri6 promoter with AvrBs3 and AvrBs3Arep 16 repeat regions (hypervariable

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



WO 2010/079430PCT/182010/9%154 Figure 12.1 Predicted target DNA sequences for AvrXalo. (A)
Amino acids 12 and 13 of the AvrXal 0-repeat tinits and two possible target boxes with predicted NN

if] '%éoor G. 5 (B) AvrXalO target boxes were cloned i@@@&é%m{ﬁypimal Bs4

type repeat%e% g
promoter into a reporter vector. (C) GUS assay of 35S-driven avrXal0, hax3 (specificity control),
p ( y P y

or empty T-DNA (-) 10codelivercd via A. tumefaciens with GUS reporter constructs into N.
benthamiana [BEAisNS ta3ee spradiity Eeprarseiebadainile s SHret (ALs S BS frditate SD). For
gualitative assaysdratcdisesawere stained with X-Gluc. The experiment was perfoimed three times
with similar results. 15Figure 13 Recognition specificity of the repeat type 1G in Hax2. (A) Amino acids
12 and 13 of Hax2 repeat units and four possible target Hax2-boxes for repeat type IG. 20(B) The
Hax2 target baxXesrweiciame B3 -Eqnbobtheseinimed Bedepimind anG IS Bsparted éector. (C)
GUS assay of 1%?83 glr‘ngoter-driven hax2 or empty T-DNA (-) codelivered via A. tumefaciens with the
GUS reporter into N. benthamiana leaf cells. 35S::uidA 25 (+) served as constitutive control
(n=3; error bars indicate SD. For qualitative assays, leaf discs were stained with X-Gluc. The

experiment wag periammed Fse, I e il SplARGs Wis Figure ks HaRdnduggsmespression of

PAPI in A. thaliana. 30 (A) Leaves of A. thaliana were inoculated with A. tumefaciens strains delivering

T- DNA constri@ €18 pasmih e e3es b<iBRca s D Naxdraafathaaw craafistisdh Expression of

hax2, but not ofAaxP AVEEaxAHE unesauthlipmomentation Syggestyc.ghathacyaspearproduction.

The photograph was taken 7 days, post inqculatio
P 18 psense DINA strand, l¥, igwer an.tol_sense DIP\TA strand).

(A) - (D) (top) Fluorescently labelied PCR product was incubated with a 5x molar
excess (calculated for protein dimers) of His6::AvrBs3, His6::AvrBs3Arep16, and
BSA, respectively, treated with DNasel and analyzed on a capillary sequencer. The y
15  axis of the _
electropherogram shows the relative fluorescence intensity corresponding to the 5'-6-
FAM-labelled sense strand (a, ¢) or the 5'-HEX-labelled antisense strand (b, d) of the
PCR product on an arbitrary scale. The traces for the reactions with His6::AviBs3
(green) or His6::AvrBs3Arep16 (red), respectively, and BSA (black, negative control)
20  were superimposed. A reduction of peak height in the presence of AvrBs3 or
AvrBs3Arep16, respectively, in comparison to the negative control corresponds to
protection. The protecied region is indicated by green (AvrBs3) or red (AvrBs3Arepl6)
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 (AviBs3) or red (AvrBs3Arep16) box. Numbers below refer to
nucleotide positions relative to the transcription start (+1) in the presence of AviBs3 (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 indicatéd 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 éxperiments were repeated

three times with similar resuits.
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WO 2010/0_;%30PGT/M2010/000154 (B) Transgenic A. thaliana line carrying hax2 under control of
an ethanol-inducible promoter. Plants of a segregating T2 population were sprayed with 10% ethanol
to induce e o) e transgene. Only hax2-transgenic plants accu%ti ﬂ D@0 hocyanin. The
photograph)ﬁ\/%?s§ Efzfii@r?‘%qaays post treatment. (C) Semiquantitative RT-P ﬂ(%? 1&1)](‘% (%g cycles), PAP]
(32 cycles), and NA from hax2- transgenic plants of
three independd FRBIOICE FIN e DE BrayiEwAB 10% ethanol. 10 (D)
Amino acids 12 angl 13 lax2 repeat units and target DNA sequence of Hax2. (E) The promoter of
PAP/ from A. thaliana Col-0 contains an imperfect Hax2-box. Mismatches 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 PAPI codingrasepieticeaadeidicstatht eigurénkbt[ Pabled3 Biedicted ANAl@DeEssequences of
TALL effegtors.20 The table repeat sequences of TA ifectors and t redicted.DNA target
Ml gyl Rl e st e R R R A o
Xanthomonas karepestrisnsy Dedisatoda; (g, Raettromoydsbgled REGR Koauxarbhoradrgsicampestris
pv. armoraciag; Xpos Xantemanas, pyzae Yoty #AG: $atpXanihmanas exenapagdisiy: chit Xau,

Xanthomonas citri pv. aurantifolii; Xcm, Xanthomonas campestris pv. malvacearum; Xam,
Xanthomonas Bsi#BSEaRspVerastinets ixeed )athtRotkshashayzaBsshe oty ARIRNE0 (B) A star (*)
indicates a deledigiREAMIC,aglH dEnVRAQHRE 43 ARG HSRRIVOA0d 4 £ad: TargRI PNA

specificity deduced from amino acids 12 and 13 of the repeat units, A t'rg%midine nucleotide is added at
the 5' end Yue I IFRLBEREGR Of thed Hifatveehisssdsng qidhte SHiRe'HhsbEr (sense) strand of
the double strangieehf2NAuit ghielt iRedrORl gualisaade (RoirAvyQichl & PGS for trknown specificity)

reactions with His6:;:AvrBs3 (green), His6::AvrBs3Arep16 (red) and the negative

ctor Tu (EF-Tu, 32 cycles) with cD

“HAB s S ERIONE DAL Gy BT

elongation f

EYgE K\ N4 1549

control BSA {black) were superimpoéed. A reduction of peak height in the presence of
AvrBs3 and AvrBs3Arepl6 in comparison to the negative control corresponds to

15  protection. The protected regions are indicated by green (AvrBs3) and red
(AvrBsSArép]6) vertical limes. (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 AvrBs3Arepl6 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 UPA420 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
reco-mbinatio.n into the 4. tumefaciens T-DNA vector pPGWB330 constructing 2 fusion
to a promoterles wid4 (p-glucuronidase, GUS) gene. attB1, attB2; GATEWAY

recombination sites.
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Figure 16 | Protein sequences of AvrBs3, Hax2, Hax3, Hax4 For each of the protein sequences, the
N-terminus, C-terminus as well as the single repeat sequences are shown. Figure 17 | The effector
ARTBs4 induce; ion of the minimal Bs4 promoter (A) Ammo agj f the Hax4
repeat units a%é% r%%%?gd target DNA specificity (Hax4 box). The Hax4(%%?{%§%%ﬁ%%s four base
pair exchanges in 15comparison to the Hax4 box. (B) Amino acids 12 and 13 of the artificial effector
"ARTBs4 repeat units and predicted target DNA specificity (ARTBs4 box). 20 (C) The Hax4 box was
cloned in frontmgmlmim%k% HIPERIIEHINOR G e ROstar YactesxT he 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
25tumefacieng taminbantbanz apl &/idh iBb8-gepeandada dd g foyars) bR RiFBs M {nhitexears) and empty
T-DNA (e\(j, blaclﬁqba%h{agf&ecg\éﬁ% geréo%bair_fc, ind}@1 1Itle tSIIr) . 4-t U, 4-methyl-umbelliferone. 358::uidA
(GUS, grey ba‘?ﬁls' Vea 5 Control LBaT theksS Wele staméed With X-Gluc
(5-bromo-4-chloro-3-indolyl-P-D-glucuronide). 30Figure 18 | Diagram for "Golden gate" cloning of
repeat domainagid o W QA0 HiheH i Ata0idAad spegllsauethangs. Matching
overhangs are Indicated with identical letters (A to 0). Different repeat types are cloned as building
blocks for eaclypSsitistites Xsctebeat 1, repeat 2, etc.). The repeat specificities are: NI=A, HD=C, NG-T,
N-N=G or A. 5(B) The building blocks are assembled into a target vector by ligation of matching
overhangs using "Golden gate" cloning (restriction-ligation). In general, the resulting assembly product
does not antaﬁﬁ)éﬁ%ﬁﬂm&?gmﬁégf ERPPE SRR TI’—‘?&%M?&S‘I@&H&?FFQW@ ethod for
generation of dgsigheeafiettots AU S alpeiGaistaeiantogvFiguras oA 1B tepict vatigus-vectors
e e sino-iRgonen s: BapleaREiRUss Ke'LARIVIRa RoRemalg of the methed.
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 4. fumefaciens ito N,

30 benthamiana leaf cells together with 355-driven hax4, artX/, artX2, artX3 genes (gray
bars), and empty T-DNA (a, b, white bars; ¢, -), respectively (n=3; error bars indicate
SD). 358::uidA (+) served as control. The experiments were performed three times with

similar results.
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~ The nucleotide and amino acid sequences listed in the accompanying figures and the sequence listing
are shown using standard letter abbreviations for nucleotide bases, and one-letter code for amino
acids. The leotide sequences follow the standard 20convention of beginpi he 5' end of the
sequence a%l{(?) éﬁéé%%%%% forward (i.e., from left to right in each line) t t%é@&%égr@&@ﬁ]{&one strand of
each nucleic acid sequence is shown, but the complementary strand is understood to be included by
any reference fo2s tisplefpedostiaingt Pheraaswencasicbsegiidatds 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 ¢ HEBESEHBF Ak T Oy SIRGRET At R SREL WS BORIG B8R BAFRFing drawings,
in which some yhtit fredialt €N adhnepsofhaeforgntions are shown. Indeed, these inventions may be
embodied jn many different forms and should not be construed as limited to the embodiments set forth
herein; rather, these embodiments are provided so that this disclosure will satisfy applicable legal
requirements. (eintikabe rsrpefdotedikerelcloredts: throtghthetmiiDa2 610 p0¥8480R© F/1B2010/000154
Many modifica%r%g(gﬁ&tgg&g{pbodiments of the inventions set forth herein will come to mind to one
skilled in the art to which these inventions pertain having the benefit of the teachings presented in the
foregoing descriptions and the associated drawings. Therefore, it is to be understood that the

inventions are o ¢ e Jiayigesiesthe.snesiie2mhodimpRtsisplosrb RN thasnediications and other

embodiments are intended to be included within the scope of the appended claims. Although specific
terms arel BmpROJetiVRBIEITE théy4e iead iR ETROESIr BRIt S nae ik g Fft for

purposes of liniatiarsstRidumber-aficsms thakaruasadiRrougbopiinissise snyEare defined
hereinbelow. The term "repeat domain" is used to descrjbe the DNA recognition domain from.a TAL
effector, or artiﬂgﬁ’a[lllt%‘?%% a?ﬁei’% it Y%eFﬁgﬁiénﬁgmihtgg%r{‘é?h %ese [ %ﬁ%%%%@gﬁggﬁ% of modular
repeat units thatreshémepresbrinnla palyieeptide confer target DNA specificity. A repeat domain
comprised of repeat units can be added to any polypeptide in which DNA sequence targeting is
desired and are not limited to use in TAL effectors. The tena "repeat unit" is used to describe the
modular pértioHigfrs iépEsroemikin fpaci(iR0voT Ak esffeatttrpalamatatizial version thereof, that contains
one amino acid or two adjacent amino acids that detew hie recognition of a base pair in a target DNA

sequence. Repeat units taken together recognize a defined target DNA sequence and
{A) Amino acids 12 and 13 of Hax2 repeat units and four possible target Hax2-boxes

for repeat type IG.

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

GUS reporter vector.

(C) GUS assay of 335 promoter-driven Aax2 or empty T-DNA (-) codelivered via 4.

tumefaciens with the GUS reporter constructs into N. benthamiana leaf cells. 358 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 iduces expression of PAPI in A. thaliana.

30
(A) Leaves of A. thaliona were moculated with A. tumefaciens strains delivering T-
DNA constructs for 35$-driven expression of ax2, hax3, and hax4, respectively.
Expression of hax2, but not of hax3 and hax4 mduced purple pigmentation suggestive

of anthocyanin production. The photograph was taken 7 days post inoculation.
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constitute a repeat domain. Repeat units can be added to any polypeptide in which DNA sequence
targeting is desired and are not limited to use in TAL effectors. 25 The term recognition code" is used
to describe relationship between the amino acids in positions 12 and [ nit and the
correspondi%%ﬁi@bgg%g pair in a target DNA sequence that such amino&aéi&%%gg%rﬁg@%gcognition of,
as follows: HD for recognition of C/G; NI for recognition of A/T; NO 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 AJT; IG for recognition of T/A; N
for recognition @) GiGisbiGi Sl /BERBRIION L SR FAAI SRRSO BRI An AREHINK for
recognition of G/C. WO 2010/079430PCT/1132010/000154 As used herein, "effector" (or "effector
protein" or "effEERBIPHSIYETtAE® FEreRe 1B L OASPRLIE AR iiEi eresekyifokise stidadbi8ducts in which
said polypeptidedscaklgiasrReagnizaratargel DA hegquenteeribeiefieckoupratedd includes a repeat
domain comprised of 1.5 repeat units and S0 ma include one or more functional 5domains

ninocygnin OIEhFQO et(ﬁpa ag faken. pgsLirea : . .,
such as a eguffan y-domain. i %r e ye‘?ﬁ% |ﬁ1. s otthe IH@SWTIOH, the "effector" is additionally
capable of exerting an effect, such as regulation of gene expression. Although the present invention is

not dependent 3 i II . iRlogical hapj it i { the, pro eio ol olypeptides of
the invention tt%? rgeeggé%giiégﬁg&t/a%g%?D %@fgﬁ@ iﬁ%s?bq%g}tg?g:a%ﬁhf ’se%ﬁgﬁgeg. 10 The tenn

"naturally occur#itey T (BEd vo Pt wihotljeth thamdarr bermsaehia plantrefdbreistinct from being
produced by mane RAr&AMRIR;APaReRIE & RbmuclaRlide)SSAHBRES IAlIS, RIGSEAL in an
organism (including viruses) that can be isolated from a source in nature and which has not been
intentional modified by man in the 15laboratory is naturally occurring. Generally, the term naturally
occurring refergiip ani AR S8 AHRSENbITHaWidpb gl ivid wak s unk Aoyt be yRizal for the
species. The terms "modulating expression"” "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. ActivaiiBh Thelpades:fareveribh bbisub ségiient CalnS coptionaln nfiitioct {lex? fxevention of
repression of 91@1?&%%%%%%%3'@@ %&9&!&5'%9%18E;?'%‘é%%i%?é’fﬂ%‘%ﬁ.91 SSH&%%% Nt rapscpigtional
activation (i.e., prevention o géjne activation). Modulation can be as ayed by determiring any
parametekihatnighural transcription start site (+1), and the first codon of the PAPI coding sequence are

indicated.

Ficure 15 | Table I Predicted DNA tarcet 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) Xev, Xanthomonas campestris pv. vesicatoria; Xg, Xanthomonas gardneri, Xca,
Xanthomonas campestris pv. armoraciae;, Xoo, Xanthomonas oryzae pv. orvzae, 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
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indirectly or directly affected by the expression of the target gene. Such parameters 25include, e.g.,
changes in RNA or protein levels, changes in protein activity, changes in product levels, changes in
downstreanm)e%%%gé%ssion, changes in reporter gene transcription (lugHerase; fboliss
beta-galactosidase, (see, e.qg., Mistili & Spector (1997) Nature Biotechnology 15:961-964);
changes in signal transduction, phosphorylation and dephospharylation, receptor-ligand interactions, |
second messeﬁ%&agﬁé@%érﬁ?%gﬁ’éy(é?é}%éw Eﬂfﬂ‘?’?ﬁ!%},%ﬁﬂiéﬁ?ﬁﬁ%ﬁpiﬁb‘(ﬁﬂﬂ? A
neovascularizatiapidi Vitieldbtvive :ansiex #ive: Sdchdunetiogakaiteststas heamessuad by any

means known to_those skilled in the art, e.g., measyurement of RNA or protein.levels, measurement of
RNA stability, fihgrcauercse H@?Fééfﬁ%?)rgﬁadﬁeog gjé%%o {%Sr?a%%‘%é‘r%g Qfgf{\‘ﬁ heMiluminescence,
fluorescence, ealbijmelio fedRtionsGanibady/WD 20 16kAF843PRATALH2010/000154 binding,
inducible @arkers, ligand binding assays; changes in intracellular second messengers such as cGMP
and inositol triphosphate (1P3); changes in intracellular calcium levels; cytokine release, and the like.
5A "regulatoryKlgua it ibfeemtecauongesio Bty s &Pi¢e that has transcriptional modulation
activity. Typically, a regulatory domain is covalently or non-covalently linked to a polypeptide of the
present invention to modulate transcription. Alternatively, a polypeptide of the present invention can
act alone, withBeit tesb g fAeampEEamCBrwiterhulEpe g [ritBR e Asiv &5 e dtigle 10
transcription. T@@@(_}g' tion:-factemahmeptides from which one can obtain a regulatory domain include
those that are involved in regulated and basal transcription. Such polypeptides include transcription

DY DRIEHE S URSe0

28 v . - 5 [V
15transcription factors in general are reviewed in Barnes & Adcock (1995) Clin. Exp. Allergy 25 Suppl.
2:469 and Roeder (1996)Methods Enzymol. 273:165 71). Databases dedicated to transcription factors
are known (seéAg AmiSciende] £1985) REBINxNupksa hibs arshrredistptargrihEdiption factors are

described in, 1op QXAMPIARASH vl (A9 MR GHal ARARRD s HREGIEBR family of

transcription fa re 20reviewed in Wedel et al. (1995)Immunobiology 193:171 85. Coactivators
and co- répressompiriseiriedigatBard®sEription regulation by nuclear hoonone receptors arc reviewed in,
for example, Meier (1996) Eur. J Endocrinot 134(2):158 9; Kaiser et al. (1996) Trends Biochem. Set

21:342 5; and Utley et al. (1998) Nature 394:49 59{2 GAT nscription factors, w icp re involved
in regulation oﬁﬁééﬁfaﬁé%@%?a*}‘édé@dgﬁﬁﬁg S LM (5] %%3?&5%%8%@%‘5 %{}g@r e]ﬁgff 11:9 11;

Weiss et al. (198p3tExpaflpeiaiol 52X 8BOMAATA box binding protein (TBP) and its associated TAP
polypeptides (which include TAF30, TAF55, TAF80, TAF 110, 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 SIDAT {&nigcof ranissriptionlfactors feret 86 thyivingdain? 6 pexeetplaitBafaHiand-Pour et al.

(1996) Curr. T%B%t ai‘i r?]%%lr mea%@&%&%&&&sﬁgﬁ@émmf@%te{ﬁiﬁxpm%k%&aase are

reviewed in Aso 6)1. Clin. Invest. 97:1561 9. IGnases, phosphatases, and other proteins that
modify polypeptides involved in gene regulation are also useful as regulatory domains for polypeptides

of the present im&ﬁﬁcﬁﬁﬁﬂcmﬁw i eha1g.0 @R MR Bhxes by Hax4 and ARTBs4,
respectively. GUS reporter constructs were codelivered via Agrobacterium
25 tumefaciens into N. benthamiana with 358-driven hax4 (grey bars), ARTBs4 (white
bars) and empty T-DNA (ev, black bars), respectively (error bars indicate SD). 4-MU,
4-methyl-umbelliferone. 355::uid4 (GUS, grey bar) served as control. Leaf disks were
stained with X-Gluc (5-bromo-4-chloro-3-indolyl-B-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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WO 2010/079430PCT/1132010/000154 switching on or off transcription mediated by, for example,
hailones. Kinases involved in transcription regulation are reviewed in Davis (1995) Moll Reprod. Dev.
42:459 67, J@, (1993) Adv. Second Messenger Phosphoprotei :279 86, and
Boulikas (19 g@%’@e%f’ Eukaryot. Gene Expr. 5:1 77, while phosphatasll[;le(é%girge2 %r@?gg\?ed in, for
example, Schonthal & Semin (1995) Cancer Biol. 6:239 48. Nuclear tyrosine kinases are described in

Wang (1994) THaséfcmicehutes- S&tchong pyghanssfir desteaind with Wiesipd kbamedfréhh the gene
products of ONGHABASS &t tIPES.aidbIdRSH B IBRY UT0akk 18 <8h, foshisAYR.gnesdamily members)

and their associated factors and modifiers. anoge.nes'_are described in, for example, Cooper,
- Oncogenes, 26@’86“:?1’?5‘1‘“91358?]%’&33&%6@5?{}5&%@1&Tﬁﬂ&&,%@?omgégﬁ ones and Bartlett

Publishers, 1995. The'ets transcription factors are reviewed in Waslylk et al. (1993) Eur. J. Biochem.

211:7 18 and leux et al. (1994) Crit. Rey..Oncog. 5:615 38. Myc.oncogenes are reviewed in, for
example, ya:i%e{pﬁe()ﬁf@l&%%%ﬁ%%kegrﬁefs \6 79 rgﬁg‘ﬁ?ﬁg@%g%{aﬁﬁs&p‘ﬁ%ﬁ actors are
described in, favestanplesith édeddeandtFucd dbfamiiesodiFtmatonptiogdactotbe Angl® Herrlich, eds.
(1994). The max IS revi in Hurlj ' . . Quant, Biol. 59:109
16. The myb gaéléﬁqg%g) |gll%g%%v%\évi%?%dr{gta{%g%@h%gt!ea%%%g%é%%%%%%ﬁ| ‘obiol. Immunol. 211:89
98. The mos family is reviewed in Yew et al. (1993) Curr. Op/n. Genet. Dev. 3:19 25. Polypeptides of
the present inveplion caninclude Jeguialpry demainsohtaingd 40 framy DA (ep@ih eagymes and their
associated factors and modifiers. DNA repair systems are reviewed In, for example, Vos (1992) Curr.
Op/n. Cell Biolcp2igs 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 factars and modifiers can also be used as.regulLatory domains (see,.e.g., 25Gangloff et al.
(1504) Experiol I ED S Y. CRIONEA 1 SE) P AEER S Tk AR A B Hoains can
be derived fronhdbiNAvsrvoedifys pgoenyasebefeat) TINDA mathyltransferases, topoisomerases, helicases,
ligases, kinases, phosphatases, polymerases) and their associated factors and modifiers. Helicases
are reviewed in 30Matson et al. (1994) Bioessays 16:13 22, and methyltransferases are described in
Cheng (1985) Curr. Opin. Struct. Biol. 5:4 B8R B aEEYErted 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 défaiflfeUiBRaA 2 S6'0itiEA P BirhiB iR treaonaying figures and the

sequence listing are shown using standard letter abbreviations for nucleotide bases, and

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.c.,
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 séme, 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 set forth herein; rather, these
embodiments are provided so that this disclosure will satisfy applicable fegal

- requirements. Like numbers refer to like elements throughout.
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methyl transferase that acts as a transcriptional repressor (see, e.g., Van den Wyngaert etal. FEBS
Lett. 426:283 289 (1998); Flynn etal. J. Mol. Biol. 279:101 116 (1998); Okano et at Nucleic Acids Res.
26:2536 254&&%%%93;79%9 Zardo & Caiafa, J. Biol. Chem. 273:16517 16520 1998@. In another
preferred embodiment, endonucleases 5such as Fokl are used as transchptORAl t 5?%133§0rs, which act
via gene cleavage (see, e.g., W095/09233; and PCT/US94/01201). Factors that control chromatin and
DNA structure, movement and localization and their associated factors and modifiers; factors derived

from microbes {g,8y RERKAAES «£UARAIES ARFMIRS) AR fAGIArs. At BRRRIALG With or modify them

can also be used to obtain chimeric groteins. In one 10 embodiment, recombinases and integrases are

used as regulaf8RFd8MEIALO PRE Ak G Bothahto Rbishthardsrmtitrpstainhasig e a transcriptional

activator (see, Begefiliof SrSeatiaddO98)Mel kel BirbdBARLA#Ha8As Wolie (IR gcience 272:371
372; Taunt§)n et al. .Scierj{%e 222:408 41%%199%@? Hassig.et al. PNAS 95:3519 3524 £1998»' In
S

another embodifMentchistons deaddfiads At ARy PSSP Btk %e g . Jin &
Scotto (1998) Mslsielfi BinbdBraTy UaBs: Syntichalh &iiritass @A) BidloGhems 23324414

24419; Sakaguchi +(1998).Genes Dey, 12:2831.2841: an rtinez al.é 998)J. Biol. Chem.
273:23781 23%’%@&? tI(J%)e%dl %élrlé‘%? ;Wéteﬁnem?esfoeorgetgfi%& el%gaeggl mo éé?l}%og 1|l%)(Sﬁ"ﬁ%ir%\i‘fhereof which
20comprises ateaairgesaerleyrekheptio Hullyaconsahing setronsaahdesonttokregisnsiyhict regulate the
expression of the: ¢ading.s&quenes: @nghthe transcription of untranslated portions of the transcript.
Thus, the let" "gene" includes, besides coding sequence, regulatory sequence such as the promoter,

enhancer}%‘ untranslated regions, 3' untranslated region, termination signals, poly adenylation region

and the like. 25ReguiRIsy SR ORER OF aRSURNALDE DgRlEShRONIMAKIQ MYt I Aistal 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 Bucaryoticratlticcedtalais asganisiascabthbekingdomeddantasisharaatarnistically producing
embryos, contaipingieIARIRES. JarB.celiase ol Al and acking | acomoten. As used herein,
plant" includes any plant or part of a plan at any s?age of'd8be opment, e}
2010/079430PETHBE ¢ 08RG+ repeat units that when present in a polypeptide confer target

DNA specificity. A repeat domain comprised of repeat units can be added to any
polypeptide in which DNA sequence targeting is desired and are not limited to use in
TAL effectors. "
The term “repeat unit” is used to describe the modular portion of a repeat domain from

20 aTAL effector, or an artificial version thereof, that contains one amino acid or two
adjacent amino acids that determine recognition of a base pair in a target DNA
sequence. Repeat units taken together recognize a defined target DNA sequence and
constitute 4 repeat dornain. Repeat units can be added to any polypeptide in which
DNA sequence targeting is desired and are not Hmited to use in TAL effectors.

25
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 pairin 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
recognifion 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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including seeds, suspénsion culiures, embryos, meristematic regions, callus tissue, leaves, roots,
shoots, gametophytes, sporophytes, pollen, microspores, and progeny thereof Also included are

cuttings, an%B% Q g’&g&e cultures. As used in conjunction with the pres%t[jl%/ﬁl%i@gblgqe tetin "plant
tissue" includes, 6u?|s not limited to; whole 5plants, plant cells, plant organs, e.g., leafs, stems, roots,

meristems, plant seeds, protoplasts, callus, cell cultures, and any groups of plant cells organized into
structural and/# RERGHSFARUTHESCIRE 8B deHBRiGR PrafRiBL Rteciferiox prigasBHSH W s EdPgene in plant

cells” refers toddinereasingi(astbriqR) et orsing repressionidhs ppassioad the target gene
in plant cells with a polypeptide of the presenﬂnvention, alone or 'n%ombinatig{% with other
5

transcription aFfdRSTHFSASIIBS AN R GEIIBIST falts R I MR e R A G898 Polypeptide, in
plant cells. 15Asmsedhefeis oa targaipRildnieane ke niefdrs inla pertiomat denblessiranded DNAto
which recqgnition, by & protein is desiied, n, one erabodiment, A iargel D seauanee;s all or part of
a transcri§tiona Cohtrorefethent o1 alaene orwhiCh a desire phenotypic resulf can be attained by
altering the detpfectiritsseddressiin capaiansfiptitingl aotiiotslerhesrégelatesqiasitive and negative

control element,pHEIb RS 2R REATHR S AIANGE T AN LRARANTH S pMRAMANG 0., Steroid response

element, heat shock response element, metal response clement, a repressor binding site, operator,
and/or a silendéplogeatmpdiantivratchiies é*l'éhﬁg‘h POARISOURaly Rk SHche FYFRER otic. A "target

DNA sequence)2lsedpaiioes & dayWsueaithes sidiRsiiea:seaMeDeehieh can bind a protein and
thereby modulate, typically prevent, 25transcription. The use of the term "DNA" or "DNA sequence”

herein is Hbt intended to limit the present invention to polynucleotide molecules comprising DNA.
Those of ordingiry skt imihe-AK villuieeQunizedhal theritethodsjartdhaompdsitionsi of thevimvention 30
encompass pol3mucleotide molecules comprised of deoxyribonucleoti i.e...DNA), ribonucleotides
(i.e., RNA) or &6 %Hlé" igrr%n otfeh rﬁgilecgé]&&smgﬁldlgc%&%n ('l)eﬁiiit gd’%ﬁsﬁs%%&dggg@éﬁggﬁucleotides
and ribonuclectidesnizrcibidasihyotiientiukalyrgocsrriGgcmdies viessem dhsy mh didsatrtdduas including, but

not limited to, - ide g lif] - ' j :Which are synthetic, WO
01010704307 IO D00 Lo Halckall ootcutg, S oot G ITHE ik have smila

binding ptépertibstamtidsefereHr o srusiaie Ssrcralin Whaikam AewTethRIEas SiFaimE similar to the
reference nuclgplides, FXamPiea Afaushanaloasdnciudewihoyublimitalionrhospagesthioates,

phosphoramidates, methyl phosphonates, chiral-methyl phosphonates, 2-0-methyl ribonucleotides,
peptide-nucleic acids (PNAs).. The polynucleotide molecules of the invention also encompass all
forms of poly-nriglestite melrtules inpluding:’ blihistiliniedds;inglet stahdedfexmession”
double-strande%forms, _hﬁir iQﬁé séﬁm-a?d-lﬁﬁstgu tures, and the like,.Furthermore, it is understood
by those of ordi 3&/6 URAPTR the Brf that the BRIAPE éuce?lces BiSEi0sed fierein also encompasses 10the
complemaint ofithétiexempiifiésh nifieleotid é seguendecladea sed hereiny "specifically binds to a target

DNA seduence.. e hinaiag Aty el polipaRiide pLie aigagalifugation (0 a specified

target DNA sequence Is statistically higher than t Ing affinity of the same polypeptide to a

generally inhibition includes prevention of subsequent transcriptional activation (i.e., preveniion

of gene activation). Modulation can be assayed by determining any parameter that is
indirectly or directly affected by the expression of the target gene. Such parameters

25  include, e.g., changes in RNA or protein levels, changes in protein activity, changes in
product levels, changes in downstream gene expression, changes in reporter gene
transcription (luciferase, CAT, beta-galactosidase, GFP (see, ¢.g., Mistili & Spector
(1997) Naiure 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 vive, 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 prbtein Jevels,
measurement of RNA stability, identification of downstream or reporter gene

expression, e.g., via chemiluminescence, fluorescence, calorimetric reactions, antibody
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15comparable, but non-target DNA sequence. It also refers to binding of a repeat domain of the
present invention to a specified target DNA sequence to a detectably greater degree, e.g., at least

1.5-fold ove&%az%k%% , than its binding to non-target DNA sequences ghgta the sykstantial
exclusion of non-%arge NA sequences. A polypeptide of the present invention's Kd to each DNA

sequence can be compared to 20assess the binding specificity of thc polypeptide to a particular target

DNA sequencéindingsadusiaimeakegar faprspndiag aarivs: whtaca T riEt SRR 7e¢8R8 to a Panctional

relationship behweenthedanoel Rivpsaruesse PR b katgelrgendindhahrpeageliian of a polypeptide
of the present invention to the target DNA sequence will modulate the 25expression of the target gene.
The target DN%@@H’&&Y@@%@H%%H%R‘?&H?“%% “anywhere inside the boundaries of the target

gene, e.g., 5 ends, coding region, 3' ends, upstream and downstream regions outside of cDNA

encoded rggion,.or inside ephancer ar other requlatory region, and can bgl rﬁ)@gmal or distal to the
target gen% 30%&%‘ R &W,a%n%og%%%ﬁgmr%%% t%/p ﬁ%%fgiéugf:l&uc%%?qtgn sequence naturally
associated withaasaigetgenedulatiostcteitinypitidh, it isgntateticltaisiaserrlsarsing "exogenous”

refers to nucleic acid ar protei e -patyn ] ith 2 Jauggtoene or a host cell into
which it is introné)ﬁlc:c%otz‘[',gllﬁﬂi n%%%%ua %gﬂ%g%g%%ﬁg%@gﬁfﬁ%ﬁo%omm naturally occurring

multiple copiedratssriniionathytermetiny hoeisentice 0bthe, IR CBYERIIEC B 1A#PERy occurring nucleic

acid sequence,Jogated 18.31RORRIHEML PRSI HRBHIRNQRR.loeRtIoMaBASUsBELheseIn, "genetically
modified plant (or transgenic plant)" refers to a plant _Whi(ép comprises Withirbits genome an exogenous

polynucletideTEIsHEIANY, 4R rarsRbLRF e BIEHE S o) BFfEHLRIABN TReEGT8EEd within the
genome such Hiakihenolausinotita isqiasseddn topalicee aatbagnenattptod Ifuexogenous

polynucleotide may be ntegrated into the.genome alone S part of a recombjnant 10 expression
cassette. "Trar?%"é%%ﬂc}gbdg%él e%ﬁ%c[n (i%rll%llu? goarw ceé]il?cgﬁt |rr?(eﬁ,)tggﬁlﬁéf: fé%ﬂ’é‘,{"éfant part or plant, the
genotype of whitindas hedenntiensdivyrtbepresence of GroddnbusaudRI6)daid Hiekiding those

wansgenics inifglly seiglieiad asal an RS crearkh sHopleipEsRsanAsRxual propagation from

the initial transgenic. The term "transgenic” as used herein does not encompass the alteration of the
genome 15(chismrssiotival Beoxtra-eproidGso sy wsAdaRrentiofat Atapk brEEYifgmetHods or by

naturally occurjng.gyents,SHER a8 LRGeS Idstsilization, BRA-RROMbINGNt Mirskiakastion,
D atod (e transcrastion Taciors S1a baom et o g, Siree (19975803t neous mutation.
Nuclear hormone receptor transcription factors are described in, for example, Rosen ef
al. (1995).J. Med. Chem. 38:4855 74. The C/EBP family of transcription factors are
20 reviewed in Wedel et al. (1995) Immunobiology 193:171 83, Coactivators and co-
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 af.
(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. Gener. 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 ez al. (1996) Curr. Top. Microbiol.
Immaunol. 211:121 8. Transcription factors involved in disease are reviewed in Aso ef
al. (1996) .].. Clin. Invest. 97:1561 9. Kinases, phosphatases, and other proteins that
modify poiypeptides 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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As used herein, "minimal promoter" or substantially similar term refers to a promoter element,
particularly a TATA element, that is inactive or that has greatly reduced promoter activity in the

absence of %Erﬁ@mﬁ%ivation. In the presence of a suitable transcripti%@fé%mm&){glnimal 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, "fyjfeBRA" PERISRRIAANSIAB A IHSA SN S BPRIEERER by 3885 ding of repressor

protein to speGifiRita RNBINABEG rBNALRT aferRblywieRre e Ivosides /ArRigaificaat.change in
transcription or translation level of at least 1.5 fold, more preferaply at least twq, fold, and even more
preferably at Ie%f%R/@f&ﬁfkwfﬁlgwfé%g%ﬁQ/m%‘ﬁiWf%% %@Oﬁggﬁzﬁ mg,g'%@gvator protein”
or "activator" refeem dmayiaien dbaiin dsto Hterator@b Hiporstd RivWitbeghhsgiceabanseription or
translation, respectively. As used herein, "activation” r nhangcement, of ription or
translationsby eﬁ‘l?\‘ﬁ?ﬁgnd Activa Bgeprcft}é?ﬂ giégté%}ﬁ&nzli?é%i CA%%r%PF; %Qér%;?gﬁaﬁﬁg} activation
“includes a sigrijfiosint irageaie tesnsbriptioV engidAtionridy8iofariewst 1057816, ek preferably at

least two fold, g gven more Rrsierably Lleastive faldyces ASHIEHOLIEN, elyaHves, or "analog:

of a molecule refers to a portion derived from 100r a modified version of the molecule. As used herein,

a "repeat unit deylvaertonih whisemstioryciratBrikerrabyerat SheiFerssics YRt unit from a

TAL effector o, airpdified anaidificial versian-ptene R BampiALaffreion-thakis, Rradiced by any of
the methods disclosed herein. 15 In the following, the invention is sggcif'ca%degﬁglﬁ@d with respect to

the transdfiptiol & dAet ARG A YR LAt PRy ROR MR tral ot &IE S fii*secretion
system into plagbselisc thartypermeambbenat thisrefleatarifawilyl jsAviBs3 9bRrae, the TAL effector

family is also ngmed AwrBs3-like family.of protei expressions 20 synonymously and
can be interch%@@ ml\\g)ﬁj?r%g?ﬁré{%@gﬁ%ﬁ épse% ?tﬁggﬁ\ﬁggﬁﬁ%fa%? '?r)égl ira?s#%’l 0\7‘6‘3/: AvrBs4 and the
members of therdepcssafarmilickak, RaxSuapd, Bard esiivelPas) Bigtiervi/BsBrand e other

members of sy gieehaiacierzed R helibinding canatlinsRedic RNAgegiences i

promoter regions of target genes and induction of expression of these genes. They have 25conserved
structurallfeatufensifiestod Tapnectiniipn b asteras rgasEr pticheh £y adPdofl he max oncogene is

reviewed in Hurlin ef al. Cold Spring Harb. Symp. Quant. Biol. 59:109 16. The myb
gene family is reviewed in Kanei-Ishii e al. (1996) Curr. Top. Microbiol. Immimol.
211:89 98. The mos family is reviewed in Yew ef al. (1993) Curr. Opin. Genet. Dev.
3:19 25. Polypeptides of the present invention can include regulatory domains obtained

20 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 93;
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, e.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 déacetylases), such as histone deacetyl'ase
(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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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 rep&%t i.d%tlg,lg{sli}/pically 34 or 35 amino acids. The repeat units YLNG %/{gﬁﬂﬂcal, but

variable at certain positions and it has 30now been found how these positions detemline the nucleotide
sequence binding specificity of the proteins. It was shown for AvrBs3 that the repeat units are

responsible forMAIEESTEIA thrheCtS R BirRAFPE PR SP IS PR BB Sy 8H5Er members of

the AvrBs3-farpily; W2 010/Q78480RSIT(1 3820 FHAN0A4 sesmssribemediated hydhg central repeat
domain of the proteins. This repeat domain_consists in Avr% 30f17.5 refg?;atgniés %n(lin'homologous
iht'%éids’¢q

proteins is comPHeSF 1P e S SIS fss Hfiita WHIRA Are 1 pidaty- 34 h. Other repeat

unit lengths ar€ ks Rrwass (8.06:520,(33985, 3Andhed Arafinind anidg)infdre bakimepeatsn the repeat
omain is usually o alf repeat of 19.or 20 amino acids,length.. The individual repeat units are

sdomain i usualy oy el e o 10 020 i scids e, Th eyl epeat un

. SUC are usétl as transcripticnal repressors, whi ne ¢ c e
generally not idéh &rvary at cerr]tampvarlalbllé)ammo’ acit positions, among these positions 12

and 13 are hypeguahi89fg0abil pobitiohd £94/10124] aidc8s/tay eoitkrdight dreefiesey Biivat a lower

frequency than 12 and 13 (vauations at.ahenRasiiens QGeulAa%Qulaklpwehieauency) The

comparison of different 10AvrBs3-like proteins from Xanthotnonas reveals 80 to 97 % overall

sequence idendeyiverHiaTe sUgHR R o s ekt octaEbBATdonTam b FasieaniB, AvrBs3 and the

AvrBs3-like family,membel AveBsdtdifien exclisivelisdheiviepedt demairotegiom vith the exception
of a four amino acid deletion in the C-terminus of AvrBs4 with respect to AvrBs3, 15 In Figure 16, the

amino acit se R SHAT RIS H AN QD IRTARTIAS K90 Sty PHaHeAMErs of the Hax-sub
family are showmboifipanticulasrienpetitnes fanihes presantinventipudiadhaiiepealmjtsgwhich are

identical except.for the ri i cids, itlo n nd the yariaple amino acids
at positions 4 a}ﬁ%%gcﬁgﬁiar%é %ﬁé@pgﬁu %%t’%ﬁﬁggée‘ipsgf)e%esa(ilsga%\?e‘%lgg%ea?zgﬁp As stated
above, it has akéadistrsen dedclibed ¢IaLtHesrépeadnitsimdtHisdgerepdal ADFaAid Yeterinine
recognition or biading AR ARG sRRGHHMALIAR I AUERALIGLe/A kAR famiy. However
the principle underlying was not known until the 25present invention.
15 repressor (see, e.g., Jin & Scotto (1998) Mol. Cell. Biol. 18:4377 4384; Syntichaki & -
Thireos (1998) ). Biol. Chem. 273:24414 24419, Sakaguchi ef al. (1998) Genes Dev.

12:2831 2841; and Martinez et-al. (1998) J. Biol. Chem. 273:23781 23785).

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
fegulate 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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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 ti%gainb/er}&j]%jﬁThe inventors 30 additionally discovered that a hypervariable region within
each repeat UI’]IIZO a repeat domain is responsible for recognition of one SRR Base pair in a
target DNA sequence. Within a repeat unit, the hypervariable region (corresponds to amino acid
positions 12 ariichBlingscgfsicanpansipondibresomhiz re coghitiormEpeuifivity crlbndsswWO

2010/079430PCIABAMOIRBIS . SsHaiRtgR e iese ganino s feflecta Argutesponding
variation in tar%et DNA recognition and preferablé also recognition capacity. As used herein,

"hypervariable WE§8h 1SMmidikd ferukingod | D thisBe Ty B S diivars iR 58RI IR a repeat unit
of the present inuanRkOPrekcin IeRaGRIZaHIhahpasiinnsste angidBobthesinyentiascereapend to
positions 1 ar}ﬁj 1? in.the fLLlI;I%e?P%th repeat units of AvrBs3 and other TAL fﬁectors as disclosed
herein. It i$ furfi&P TeREGhEE ATk B S oL fBH oS HRSHISE H ARG A& Hat corresponds to
positions 12 anad&lesspedtisehelinwdtnepe atdimityafrtue e shint. celeooamited dilyo s6detennine such
equivalent posgi%?grt?é{ 34{9%{[‘ any repeat unit with a full-length repeat unit of AvrBs3. It has,
therefore, been shown for the irst time that one repeat unit in a repeat domain of a DNA-binding
protein recognizes one base pair in the target DNA, and that one amino 15acid or two adjacent amino

acid residues in aepegtdnithiaicaly QIR e dypelvaLable Jegins ol aepgalypit, determine

which base pair in the target DNA is recognized. Based on this finding, a person skilled in the art
would be Hble {8EFrsEIECANYvELioM BASe RS A PTaTHRR DRSS E Gt efShrifsea5eHF Modifying a
polypeptide withimitecIRRad ypis fthe eneabdamain-ienspeciicallytargshbase falisi20in the
desired target DNA sequence. Based on this finding, the inventors have jdentified a recognition code
for DNA-target SBEt ‘Fé&’%‘f‘b?ﬁ&?‘éﬁ“}g’ Eté?%@g‘%@%%w%ﬁ’l@%“ﬁ}@ﬁi8?%6%?9919% sequences of
several TAL effectopsiyisidepuldline celhfirmed 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 d&hitecsturedfdtesireptapddibinsandtioe’ redaghitiopoctoiedidenifiedtantded PiMéntors for

targeting DIVA WiWtUgR.spagifialty ARG flisient dssignalngeiic DNAHIRDO domains for use
in a variety of technological fields. 30In one embodiment of the present inven ion, the repeat domains
are included in3§duence™ is all or part of a transcriptional control element for a gene for which a

desired phenotypic result can be attained by altering the degree of its expression, A

transcriptional control element includes positive and negative control elements such as

20 apromoter, an enhancer, other response elements, e.g., steroid response element, heat

shock response element, metal response clement, a représsor binding site, operator,

and/or a silencer. The franscriptional control element can be viral, cukaryotic, 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
deoxyribonucieotides. Such deoxyribonucleotides and ribonucieotides 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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transcription factor, for instance in transcription factors active in plants, particularly preferred in type IlI
effector proteins, e.g. in effectors of the AvrBs3-fike family. However, after having uncovered the

correlation Q%Vé??d?ﬂlﬁ% epeat units in a repeat domain on the one handgRdihe; hagRsequence in the
target DNA on the other hand, the WO 2010/079430PCT/1132010/000154 modular architecture of the
repeat domain can be used in any protein which shall be used for targe,ﬁin specific target DNA

sequences. By#FIeHH FEIge M EPPRAIAS I BT RIFY R PRI IYS MTY 4" FORPEDBHE S Erein the

repeat units arg medifiedna: Arden ia aampiisaRReRyPeHtdliablaregionRe siafjeabuthit and wherein
the 5 hypervariable region determines r?%ogfltlon Ofﬁﬁ base Bglr in t&rﬁ% NA sequence, the

recognition of EFTEGY/RIAE) HiHrGIAmES BHEUGREIRE P AN gpan

at'D sequence’s will be available. As
one repeat unipigighiioratiepeas dhospioraasdaesniotiytitoobehrespondibi-foetthd 10specific recognition
of one base paiy in a DNA, eral,repeat units can D) [ eryherein each repeat
unit includes aplﬁﬁﬁ%%r?/%%ea I%ecr\{éré’i%l%ﬁh% ?Ismfgelfgg%n%%&%p?ﬁg:@él?ﬁgg%ér%ffﬁﬁgcE}?{gpeat unit to a
particular baseppaimicietidageb Biutesefileivesnt® T den Aigoaptes shcomean pabEs EiAc sequences in
order to obtaingg, pRecied cadandy & LS AMIRAASIAMENRAAN 1B Ube S eiiadsfor

c

mutagonesis and polynucleotide alterations have been widely described. See, for example, Kunkel
(1985) Proc. N%@it%&egc&n@@/&rs%mgsmzpkﬂ}ﬂ@f%t%}ﬁge’eﬁjg@?}tﬂﬁém%f‘dé‘iﬂ‘?@&%ﬁ?ﬁ.
154:367-382; UiS:EainNQiIf8 13 122nMakenand-Grastkadiedssdd A&3nTeahaigues-sddolecular
Biology (MacMillan Publishing Company, New York) and the references cited therein. All these
publicatiors arB'hEPBRHH SRR FHR ?gﬁ'él&efg%%c%‘ﬁ&%ﬁhg examples provide methods for

constructing new repeat units and testing the specific binding activities of artificially constructed repeat
sed o ropedr BN Sl Be B LA e e By ot O o,
Generally, at led8tilysfegedtneptideacs the present invention to a specified target DNA sequence is

statistically higher than the binding affinity of the same polypeptide to a generally

15  comparable, but non-target DNA sequence. It also refers to binding of a repeat domain

of the present invention to a specified target DNA sequence to a detectably greater

degree, e.g., at least 1.5-fold over background, than its binding to non-target DNA

sequences and to the substantial exclusion of non-target DNA sequences. A

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, e.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 As used 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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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 method n% dy tides disclosed herein do depend on repeat domains, with.a.paticular number
of repeat urﬁ@ #l'?s,%gé)olypeptide of the WO 2010/079430PCTR132010/000154 invention can
comprise, for example, 1.5, 2, 2.5, 3,35, 4,4.5,5,55,6,6.5,7,75,8,85,9, 9.5, 10, 105, 11, 11.5,
12, 12.5, 13, 1Bl ogqueingmyliplergpies of amatyraliy eecuipng nigleiopsidg B 215 22,

22.5, 23, 23.5 se4lucdfieDoLatdiBy SQudbhd nddich Gertalgs chéddeneatdnifsnanthindyces expression of

UPA (up-regulated by AvrBs3) genes. The number and order of repeat units will determine the
corresponding®SEHTIREHTIOBR R FEYYnition specificity. As further examples, the AvrBs3 family
members 10 Hax2 includes 21.5 repeat units, Hax3 11.5 repeat units and Hax4 14.5 repeat units.
Preferably, a pplypeptide of the invention comprises about 8 and to ahout39 repeat units. More
preferably; a p‘gﬁ/gseegg}lc%egﬁ Crfre'?\ll%an orﬁoc%é%g S?Eétgg rgﬁ nﬁ?@%’% ut %ﬁgl.ﬂ%{Pe%g%?%nits. 15A typical
consensus seqecitecofaisepeithiniits 8¢hammiro axidsiinopesietirotvdefisestibwabelow:
LTPEQVVA'A%%&ﬁ e LY %58%H&%%%M%ﬁ@ga&wm%ﬁég%%&mr a repeat unit
with 35 amino acids (i one-let er code) is as follows: .
LTPEQVVAIASRCGGORGALETIQR PRFY SOARIISSS TREFEHERE UHIEHIERCEAN be used in one
embodiment of, i IRYSIIRNAIVR BlcidaRtithwithiBecanrsapstissaguangasersskiagst above of at
least 35%, 40%, 50%, 60%, 70%, 75%, 80%, 85%, 90% or 95%. In pref rrecg embodiments, the repeat
sequenced of AR ESSHOTSRESC G BraNE NS A AHIFEREY th BB LS €70F Bl ATHBI05: 7 fiy are used. The
- repeat unit sequensesaf Haase pram ke gake ipdicaiecintkigtn aBordhiesthegpeahunitfsequences can
be modified by exchanging one or more of the amino acids.. The modified repeat unit. sequences have
an identity Witt‘f”fﬁ@%ﬂ&gﬁﬁ% %163%%138[&%1%1&1: o?s&%dgr fing rlﬁ%t%lof\né?% lﬁ%rée(gd{}r S -%rtnl é/]e sequence of
at least 35%), 4084tcB00sGOKD cTRBUSs 536 80Y 1185946318006 omIBYsnilin prefegedcehiisddiments, the
amino acids in.pQsiti A2 and, 15 I&g%q. H&(ﬁﬂ Jurther embedinrenis Ao acids in WO
2010/079430P%§%/§5§%‘4 %%géﬁiﬁls 4, 161, 24,H abnd 32 are altered. reeferably, the number of
amino acids pdrirseesoard in extengudserinsen) 10 aengeniins daks! RirsraBehedsay Bmino acids, still
further 32-39 amina it art futbek QRLPnAlN &n 3h 3701 BARRINGALESRRKLPAAT UNIt.

Specifically, the hypervariable re%[on in a repeat unit detelmine the specific recognition
infection, non-recombinant bactertal transformation, non-recombinant transposition, or

spontaheous mutation.

20 -

. As used herein, “minimal promoter” or substantially 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 orto RNA to prevent transcription or translation, respectively.

As used herein, “repression” refers to inhibition of transcription or translation by
30  binding 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 Ieast two fold, and even more preferably at least five foid.
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of one base pair in a target DNA sequence. More specifically, the inventors have found the following
correlation of recognition specificity between amino acids found at positions 12 and 13 in a repeat unit

and base pajs,i get DNA sequence: 10 HD for recognition of C/Cb&l jtion of A/T
NO for recoﬁ%@é@%ﬁ% NS for recognition of C/G or A/T or T/A or G/C ’]HOEN% or?]krecognition of

G/C or AIT 15 IG for recognition of T/A N for recognition of C/G or T/A HG for
recognition of Typused heremy, feHyaly RIgGH T /ACtivator” feketbior BERIAB RFOPRIEL20 It has to be

noted that the gpeiagasigsnararepresanteehindbesinglegeticbeatiaidin, nugleatides are given as base
pairs, wherein the first base is located in the upper strand and the second base in the lower strand; for

example C/G means that C is located in the upper strand, G in the lower strand. 25 With respect to the
single amino agislasbtanre:i, Tespadiushcfaminenaittdicat MaBsdgppearsttanbiatinissing from the
repeat unit, when compared by multiple aming.acid se e alignmentswith the other repeat units.
5010 one SmbaTER o v GL e R s T AT D3O At oot o
recognition speuifieiiys fosianitj@nofthegraodmitivippecifiviyofisaitvdpéat. lbash baftdlarly preferred

embodiment OHiRR WNERNOR JARRLUDHALIENLASIO [y e Rekaterysegha—xamples for the

members of this protein family have been 35specified above. Particularly, the members of the protein
family have an amino acid

As used herein, “derivative” or “analog” of a molecule refers to a portion derived from

10 or a modified version of the molecule.

As used herein, a “repeat unit derived from a transcription activator-like (TAL)
effector” refers to a repeat unit from a TAL effector or a modified or artificial version
_ of one or more TAL effectors that is produced by any of the methods disclosed herein.
15
In the following, the invention is specifically described with respect to the transcription
activator-like (TAL) effector family which are traﬁélocated via the type 111 secretion
system into plant cells. The type member of this effector family is AvrBs3. Hence, the
TAL effector family is also named AvrBs3-like family of proteins. Both expressions
20  are used synonymously and can be interchanged. Non-limiting examples of the
AvrBs3-like family are as follows: AvrBs4 and the members of the Hax sub-family
Hax2, Hax3, and Hax4 as well as Brgl1. AvrBs3 and the other members of _i“is family
are characterized by their biﬁding 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 AviBs3-family
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homology of at least 95%, at least 90%, at least 80%, at least 85%, at least 70%, at least WO
-2010/079430PCTAB2010/000154 75%, at least 60%, at least 50%, at least 40% or at least 35% to the

ﬁAvrBSS, particularly to the amino acid sequencelggltﬁ%zgﬁ%&tlgpit of Av-rBs3.

amino acid Q
Having this ?ﬁ%g{ﬁﬁ%} ypervariable region in a repeat unit can be deduced by an amino acid

comparison between the members of the AvrBs3 family. In Sparticularly preferred embodiments, the

amino acids arsmpishiorsdigedty i eemdrpb pRSLLMITBIRRA BSPrreiRe VEr S varkib O ons may also

be located in diffgiantiaMineacit PRsitionRs: EAMRISS fer@siahie PositionsBsparRiinesacks numbers
4,11, 24, and 32, In a further embodiment of the invention, the amino acids respansible for the specific

recognition of &base! BRFFTHEDRIACE SR BRER LY & TeaRRian Pt ihs Trehubisam o not vary
between the mgahies afwhag AyrBs 3 Tapsilg Qi positibasavibitTasd asarighle hubaeigrypervariable. To
summarize, the inventors have foun t repeat ynits determine the recognition.of one base pair on a
DNA sequ%nce% EUIRist-Ne ?H%?]I}\’%S \'/aacrjrlfta 1 reé%?grﬁl %v? r%rd? %r%np?eaéc Clitjsn% de%gerzllrﬁ%gé th&(f recognition
specificity of themeetrespondigmesfizatot HitnHencEhdtheseqtiesrtencf segeatommits aodrelates with a

spectic Inear greloal, empAldn A araet Phig Pﬁ&%%%%%w%@bﬁ@‘(@ﬁﬁ%&%‘ﬁs@%ﬂ s correlation

with respect to"AvrBs led’Iit with respect to a representative number of members of the

AvrBs3-like farfiily F yroteiis Wyt easpeot et Al Beschikectamity ManiBard diirsiadrhtasidues 20in

positions 12 angh13,in.AisaPeatRILOI 34 QiRIReRamnR Acits Ienaf i eladervithidefined binding
specificities of AvrBs3-like proteins. The discovery of this core ig)rin(:iple provides a powerful tool to

customizé® polEBHHESMRITE BN ate AR BNAYRER HALR Yora Vet SerusppTt LR including,
but not limited {eiimesk Eirrcpigenamxaressionid dargeicd genamaL AGHIRArng 125 In the present

invention, polype dge ..cap be designed, which rise a repeat. domain with repeat.units wherein in
the repeat unit@‘?@%S f@%ﬁfﬁﬁ?’é&%& 5 ‘r%v? 8ﬁu§§§r\% ?cﬁséfé% rirlh%lr}ﬁélrrée gﬁﬁvl TON OF ahdse pair in a
target DNA sequénite.drgnaenfhddimentiof 4bd dvlantion, tha€hteepest whifindetesta hypervariable
region which d%%%g{@ggglr&cggnition 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 pairlih a target DNA sequence. Considering the recognition code found by the inventors, a

modular arranga el ol doREalad (eashiIdIoreiR cAaPsA IR seRARSIAR oY the specifi
recognition of one base pair in a target DNA sequence. ) ,

of the members of the Hax-sub family are shown. Of particular importance for the

present invention is the repeat units, which are identical except for the hypervariable

amino acids at positions 12 and 13 and the variable amino acids at positions 4 and 24.

20 Hence, each 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 11 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 fécognition 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 umit, the hypervartable region (corresponds to amino acid

positions 12 and 13) are typically responsible for this recognition specificity. Hence
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WO 2010/079430PCT/1B2010/000154 Consequently, a sequence of repeat units corresponds to a
sequence of base pairs in a target DNA sequence so that 1 repeat unit matches to one base pair.

Provided th%&}&‘ﬁ@&}g 3I(}IA sequence is known and to which recognition p%(ﬁﬁ{@ﬁﬂadfsgdesired, the
person skilled in the art'is able to specifically construct a modular series of repeat units, including

specific recognition amino acid sequences, and assemble these repeat units into a polypeptide in the
appropriate or@&BaERERN bGP GF Hs dehirdtioc R ftRCadBE TS D ReEddliénce. Any
polypeptide capbgmprdifisdRyibong aembiagsivdthcaynogdular repeat unit DNA-binding domain of the
present invention. 10Such examples include polypeptides that are transcription activator and repressor
proteins, resistance-mediating proteins, nucleases, topoisomerases, ligases, integrases,
recombinases Aes@yasesn Meihylasesylaceiidasesindenmethylases pddacatyiases, iang any other

polypeptide capableof,modifying DA RNAonproteing- eThe madular repeatypil DNA-binding
domain ofthe p‘?esen invention can bé com mecf%l ce Incompat mtenF(fo a'llsatlon signals such as

nuclear chalisaﬂbﬁ@ighh@d@&mﬁ@hi@mm; gcuhespegi'ﬂlatprrytﬁegfdﬁ&tﬁrid[bdirigekfuﬂfimgtmitgd to,
transcriptional requlaiary JeaiaRs AN ARS'RUoNaHEIIINRUANERBIONS 20 A fiffhgr embodiment of

thc invention, these modularly designed repeat units are combined with an cndoneclease domain
capable of clea®AEBRINRGhEN ISttt threeRimit st epasHE BSIBRLROEEBMBIIGDY the repeat

domain. Such gndamucieqlyic DreaksareknawrdiR timk stents sl obhemalegRus recombination in
eukaryotes, including fungi, plants, and animals. The ability to simulate homaglggous recombination
stfiﬂg $avery of

25at a spbLificGHIEERHES HEGY A SHOLH AR EANBHAR IBOTTE B &k 3l

transformed cellgdhaihharesniegrated 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 footled from a repeat domain and an
endonuclease Haasathcarloso etirstesvrefiaitedfisy 30thérectindacNAMetaboipesndohinent in a way

that alters the sgqugnge it ifiiis s BLeak WLUIIRNAAEN.SBTROR AteftdGRNan g deletion at

the site of the break compared to t altered sequence. These sequence alterations can cause
inactivatidd of as&l ferfetoriistent eméne eprbrefilursriinstapee tilataredla wibisitoding sequence to
make a non-fupchgnal pTRIRIRMAstity}ag:a SRICESEMIR RRlA BRASHIANSHIRLISDBNA 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  inthe 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 DINA 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 lincar 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 onec 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 I effector proteins, e.g. in effectors of the AviBs3-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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WO 2010/079430PCT/IB2010/000154 properly cleaved, making a non-functional transcript, changing-
the promoter sequence of a gene so that it can no longer by appropriately transcribed, etc. Breaking
DNA using &igzﬁﬁ)g&gi&qindonucleases can increase the rate of homologQusipgsemaRination in the
region of the breakage. In some embodiments, the Fok | (Flavobacterium okeanokoites) endonuclease
may be utilized in an effector to induce DNA breaks. The Fok | endonucleasg. do al functions
independently eTdHa BRIAtBHHMG dumienfrh iorttifscardis et b ARY 8P ISRA E‘/%ld%ﬁyr]ég a dimer (Li et
al. (1992) ProgsNatly Aeaging6hddife ABRt (DB R 4acA2e0 Baridttidn et @tef2&IBYRe0s. Natl. 10Acad.
Sc!l. U.S.A 93 (3):1156-1160; the disclosurias oftyghic are i&%o%g%%%gt h%erirrlhgkgﬁf%rence in their
entireties). A SHGRESRMGIFRSLHIM SR AL UGS BEE d& R oped BR e utilized (Mino et al.

could also
(2009)]. Biote gl tol 46aicléd) hiweafisctde ceitd pe construtteaidhaiiaomtdias a repeat domain for

recogniiop of g desired fargel DA Semence a5 elhes s.baklenrdonusleaseampinto induce DNA
breakage at or 15near the a%lget N sequence similar to previous work done employing zinc finger
nucleases (Tothnsaognitiel (ROBOYNatitY abpratnyvsTaaiernsted aso B Nattiecass 437-441, all
of which are hergig incoiparated by reference in their entireties). Utilization of such effectors could
enable the generation of targeted changes in genomes which include additions, deletions and other
modifications, analogous to those 20 uses reported for zinc finger nucleases as per Bibikova et al.

(2003) Science, 300s #odadmoyetiala (2RQD NN a4 3Rch4&ind/ ight @EpdnfR005)r The Plant Journal
44:693- 705; and U.S. Pat. Nos. 7,163,824 and 7,2)2%1%768, _alllof Whti%lgﬁ?r%apl I‘e(i:% irg;o(gﬁorated by
referencd th thiF SRGIFEEREURI-A QRS IS RABAD &I A% SDHRITdah B cloned by PCR from the

& domain
genomic DNA wfithedhatine bhatsriadclavpoacteriumiokeanoiuites AlG&)iprdpdred by standard

methods. The sequene o the Lol andondelense s AXAUA0IE A BHRNGL (A5 NGuR8828 and Me.

No J04623, the disclosures of which are incorporated herein by reference in their entireties). 30 The
I-Sce | endonugeasedremthe yeast Saccharomyces cerevisiae has been used to produce DNA
breaks that increase. the rate of homologous recombination. 1-See 1 is an endonuclease encoded by a
mitochondrial intron which has an 18 bp recognition sequence, and therefore a very low frequency of
recognitidé sitdsshititnca givrasiDaeily sVt N s yEn dhaderrniebiiee 09 %@ﬁ?cﬂﬁ%leic Acids
Res. 19 (1):1885190 W 20HY/A%8430RMe T B 28184000154 the disclosure of which is incorporated

herein by reference’in its entirety). The infrequency of cleavage sites recognized by I-Scel makes it
suitable to use for enhancing homologous recombination. Additional description regarding the use of
ISce Ito inducensaith@NA hrieaksiedn de folnohitet)iS: Fatadpp 20088305408, dekichsis incorporated
herein by refergnce In s enIrel el (1985) Proc. Natl. Acad. Sci. USA 82:488-492; Kunkel et 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 § 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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The recognition site for I-Sce | has been introduced into a range of different systems. Subsequent
cutting of this site with I-Sce 1 increases homologous recombination at the position where the site has

been introd%&% §Bt;%gged frequencies of homologous 10recombinatiori,E@fgz?]%ﬁmained with

[-Sce | sites’introduced into the extra- chromosomal DNA in Xenopus oocytes, the mouse genome,
and the genomic DNA of the tobacco plant Nicotiana Iumbaginifolia. See, for example, Segal et al.

(1995) Proc. NAHSREAGASenpIs A fu 2 a7 a616%.8: Bhotika-ded- 11295 Mol -&el Biol>15
(4311368-19738 ang, B%?Eé? ﬁi.-sk()lﬁ%l .H,@?i@/ﬁ;}pi@@ Res, 24 (32); ?l@t,fﬂs.@@{l@,; ths, 15d 'M.B;surers] of

which are incorporated herein by reference in their entireties. It will be reci y other
endonuclease dorttan ]tﬂa]t%oﬁéi Wb ﬁét@ﬂo?o&%t%zlér\ﬁﬁﬁarr?& a?o‘h?;ﬁi %%r%a g%dl%g’e%?’ln an effector
and that the 1<8cg bemdoeolense, BoRe 5Wah Jof-imBihg, 63aksie3d e iyftatiért gfdhe use of
endonuclease Ve a ecqanition, and kindin [ 1S Is:that the recognition
site has to%e géﬁﬁggﬁféd*@gﬁénggrg ém%ﬁ%gé%f‘ﬂo?ﬂo%gg%?@f%efc%émaﬁh%tﬁl‘éf 5tIL?é%desired location
prior to the usd@f séid4Eriddfuttenstd tdhdh66.hontotogous sceuinbination st fhabBshe, if such site is

not already presgin 99 gsslied icallenistiageayediaon senore thal spabisthe desion and

synthesis of nove ases, such as by modifying known endonucleases or making chimeric
versions of ongrembhe wuphes padardeakepe sttt rabslprraing iy tarspoINRsEdENces, thus

paving the Wa)éﬁ@r[ﬁ@ﬂ%@&@ﬁt%%ﬁ%‘é@iﬁ&%}h%%ﬁ&%ﬁ%@?&@@%@ﬁ%ﬂ?m%ogenOUS target
DNA sequences of i_nteresstsifhevalier etagéZOOi)] Molecular Cell 10:895-905; W02007/060495;
W02009/b05788XE A5lessSHne FES BRI IaHS) NutlereA syl BasBes B3 5R UBdth of which are

incorporated byreierance ioliheptiapiviatie shvAgisnebmiptauldhbet 30anMvisikiad atmuch
endonuclease damajns could be similarly engineered.so as to render the, DNA:Qindi ctivity
non-functional %ﬂ?l%ﬁd’ fﬁ%rf)ﬁ\’l)ﬂ %Féog%r?é} %%8 iggr(f glc"jt?\l}el%nrl%o%pﬁlﬁﬁ%ésb soélltd%sllpraln% ar y 1g%ngineered
endonuclease ¥leaxpga doitain in an effector to induce DNA breaks similar to the use of Fold above.
In such applications, target DNA sequence recognition would preferably be provided by the repeat
domain WO 2010/079430PCUIB2010/000154 of the effector but DNA cleavage would be
accomplishied Bytthisasghserrehetittong efcbse o misin Jsnnesitidin spevetigitedtadior includes a
repeat domainyith.spggific recognition for 5a desired specific target sequence. In preferred
embodiments, the effector specifically

LTPEQVVAIASNGGGKQALETVQRLLPVLCQAHG

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 93%. 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 ammo
acids. The modified repeat unit sequences have an identity with the original repeat
sequence of the original member of the AviBs3-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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binds to an endogenous chromosomal DNA sequence. The specific nucleic acid sequence or more
preferably specific endogenous chromosomal sequence can be any sequence in a nucleic acid region
where it is d%%rgg%ﬁggance homologous recombination. For example,}t,ré% %Il%iﬁio% g region may
be a region which contains a 10gene in which it is desired to introduce a mutation, such as a point
mutation or deletion, or a region into which it is desired to introduce a gene conferring a desired
phenotype. FuiptieihboblinténtdSaaaaslioisthbarfsrfenBiutivigarAbaRES prERIP FARRE a desired
addition has begn;ipiresluesdsaRg MoethagseArincHig Qhisininga plan.erid Sihatingudes an
endogenous target DNA sequence into which it is desired to introduce a modification; generating a
double-strandét?‘cﬁ?[ Rteee ErbiBEhsboRiangey B sy ORAL AR HPie RECIERBidtiicludes a
repeat domain that binds to an endogenous target DNA sequence and an endonuclease domain;
introducin% an xocg? n usf%ﬁleic acidg atincludes a sequence homolo ouslttp at least a portion of
the endogénousta 20 Jhto the p?gﬁglgglfihﬁaﬁéjf %onlaltlgn%nlle}ﬁfch pseﬁﬁ% lﬁé%g%lééous
recombination ¢ @eckasbetivéen thew dyarnogsenuc|dioraciptafidadhe trdoganoudtacdetINA
sequence; and,ge ' nt from i @ celli Bl o) I ination has
occurred. Othetﬁgn%%fﬂ%%eﬁ?g%&é Jt;g%%% tﬁ%tﬂy%%%ﬁ ﬁ%ﬁ%%ﬁ@%%ﬁ%ﬁr%%gg@cording to the
method descrithesitite 4pd Rereirreneshouitepé Motarigiar the taegePREDNAIsEuence 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 techRiques and*mdlibi®s 1esesitiPnAEE and utilized for such purposes in such organisms. 30In
a further embodiment®of ?ﬂ@%%ﬁﬁ@ﬁ‘,‘}ﬁhégéﬁodularly designed repeat domains are combined with
one or more domains‘redjerRiBReFBRitHS Afobidiation or control of the expression of a gene, for
instance of plant gends, BRiftareaasion Al gaidsTasmid&eGenes, viral genes, or human genes.
Methods for modulatifig §eh&esgsasssivn By @énetdtihg DNA-binding polypeptides containing zinc
finger dorh&ins is knotvn it faereppen2ero7d 79430PCT/IB2010/000154 art (U.S. Pat. Nos. 7,285,416,
7,521,241, 7,361,635° 7 XARrgeanenier 954 G219, 7,070,934, 7,013,219, 6,979,539, 6,933,113,
6,824,978, each of wiicHlie FersisyenétieivinEdkporated by reference in its entirety). For instance,
these effectors of the AvIBEBrtdmniaenint arémodified in order to bind to specific target DNA
sequences. Such 5potypiptitte semigintifor shsidnce be transcription activators or repressor proteins of
transcriptih which are modified by the method of the present invention to specifically bind to genetic
control regionsyin, & REYNRRLQH RENEHIRAARE 1eBIAR I3 HRBRIRLINRESLJALIERS o activate,

repress or otherwise modulate transcription of said gene. . .
nucleotides are given as base pairs, wherein the first base is located in the upper strand

and the second base in the lower strand; for example C/G means that C 1s located in the
upper strand, G in the lower strand.

25
With respect to the single amino acids N and H, respectively, amino acid 13 of AvrBs3
appears to be missing from the repeat unit when compared by multiple amino acid

sequence alignments with the other repeat units.

30 Inone 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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. # . . .
10In a still further embodiment of the invention, the target DNA sequences are modified in order to be - -
specifically recognized by a naturally occurring repeat domain or by a modified repeat domain. As one
example, theLgrz%et DNA sequences for members of the AvrBs3-like famié%iﬁg 2@&)’&3(}9&% into

y the

W 2010/079430 . :
promoters to genherate riovel controllable promoters that can be induced corresponding AvrBs3

effector. Secondary 15inducible systems can be constructed using a trans-activator and a target gene,

wherein the trafs‘activas 6 a Pdragsépliaetirnstéivsaidtorhéplide Bsrpireacit least a repeat
domain compriging.repeakwRls of heRresaptinventgnihel Hind o seid lrrget gengrand induce

expression. The trans-activator and the target gene can be introduced into one cell line but' may also

be present in dffiéRsit BanipadRisindindr e mpayresbisd c e da Firmeer Gissaibrelsduced
disease-resistast slamiméanideoagsiivic et inbeingibe tangetaSReUBNLe of a repeat domain
containing polypeptidc of the present invention in front of a. gene which after. expression leads to a
dofence renci BB S BRI GETUAMITGER  ISRES AGHATY BENESISIA &Rt brmbodiment
custom DNA-bingkagupalypaptiies dawdercomsthictedidns neayralsgimglsepedindifftypes thus allowing
the generation % repea dorpﬂaoiirgs grxggh nf%\g(%l ;araqclaaL[iQ:N@SQistir;lgesa%%%gig@éqqudi\/ggi%azi repeat units are
nearly identicafl at the DNA lever w |c]ﬁpprec Ldes classical ¢ oning strateglés.%e présent invention
provides a quick asd Fipersiesanbedimenagsdmblecetioto thpunipe pride saptnsdpeirdomains 30 of
the present invgatigac;fio JLBRLRNR.CIANIGsUeraRIHIL ISNBhPAIREPIIEeS. AR SisRiGRsembly method

was designed. This method was used to assemble polypeptides with novel repeat types to study their

target DN rectBisti bR AW SRRy €y dhesn hworserie shadpBs Bapborsdh 18 tiStmmarily, any

DNA sequencesgaéh he-maditiedioRnabiehinding by a repeat domain containing polypeptide of the
present invention by introducing base pairs into any DNA region or specific regions of a gene or a

genetic control element to specifically target a polypeptide having a repeat domain comprised of

repeat units thatowilhiind sa it SimadikedhBN Aosad weaceptraority dottanititateespeaifictkacagnition and
binding to each other. The inv ks have demanstrated that a truly modular, DNA recognizing and
oreferably ninchi Lo Babiae DR LpE g SASEL P By og S e e
10polypepfide Bamepeatidonragnicomrissi-of pbatemitpowiios aredeledtétbor e basis of their
recognition carghilieh#EAmRIRANOS A1 RAIAHY Beseomlie,AreagFal fLbarihgavell within the

capability of one of normal skill in the art to design a polypeptide capable of mdin%to any desired
target DNA sedtRfceisisty Byedariiasihy e whiitarshiasaphirespresent mRhbatget DNA and

combining in th@yrified it with respect to a representative number of members of the AvrBs3-like

family of proteins. With respect to AvrBs3-like family members, amino acid residues

20  inpositions 12 and 13 in a repeat unit of 34 or other amino acids length correlate with
defined binding specificities of AvrBs3-like proteins. The discovery of this core
principle provides a powerful tool to customize a polypeptide with its cognate target
DNA template for a variety of applications including, but not limited to, modulation 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 inchudes 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 SunenCe. 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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15appropriate order repeat units as binding motifs having the necessary characteristics to bind thereto.
The greater the length of known sequence of the target DNA, the greater the number of modular '

repeat units C included in the polypeptide. For example, if the isonly 9
bases long, eé%%ﬁ%éeat units as defined above can be included in the po %%%}zé@%%% the known

sequence is 27 bases long, then 20up to 27 repeat units could be included in the polypeptide. The
longer the targEPDRANEE UL ARBICHTE PORRIHHEIN CPABINEIEY HsideaurrsAcE hasgipibtee given portion

of DNA elsethfge@rDmg SRRGHIE sMRELQVEFEN0RR FRRGRL WS Sslectast 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-elaraectaristici®HNol ailecied is knGenendlby, didl ReoprefRi ed topsstagtiihose repeat
units having high affinjity and hi Ospecificity far the target DNA sequence. As.described herein,
Cifoators Con L EA TSP ERIOE s B hABlE BigE LR Ko TRR LAt aiooh A SRR B of any
endogenous gepeadiohisicel Exagmpteiiofrengniencusigenad sujtabledomdegustatiole ihclude VEGF,
CCR5, ER.alpha,, Her2/Neu, Tat, Rev, . WQ.2010/079430P 00154 HBV. C, S, X, and P,
LDL-R, PEPC&@&%*‘}%%% tﬁﬁ@éﬂ?&%&‘%‘ﬁ%&@%@?&%?Fﬁ%@%ﬁéﬁ%&é&?ﬁ%ﬁ%&? B, TNF-.alpha.,
FAS ligand, antindidgieebardenipfoesist BiNAl featinetic Aaotop] arnegasay bpmadified xbging, 1L-4, IL-5,

IL-6, IL-12, G-CofpiMw Pk o8B0 PREE RADNPR D Rk [&ighherealopiasdysHapki,, eutrophin,
GDNF, 5NGF, IGF-1, VEGF receptors fit and ilk, topoisomerase, telomerase, bcl-2, cyclins,

angiostathf, 161k emplesarelils pelyngrlidehiip AR BHFAPRITGRIARUFOHASICEPSP synthase,
FAD2-1, deltadridRsateiiasaclaltaidile sabnnsensiolialo Upsotuiasceaueks; afecarhoxylase,
acyl-ACP-thioesterase, ADP-glucose pyrophosphorylase, starch synthase, cellulose synthase, sucrose
synthase, sen SRR ASS JERI KA G A BIaR Vet HETABRE P A KyE o ERice Iyase,
viral genes, protbzopdigpaesicfunghl gehesddnddadtaraMNenesprinageneral, suitable genes to be
regulated include cytokines, lymphokines, growth factors, mitogenic factors, chemotactic factors,

oncoactive factors, receptors, potassium channels, O-proteins, signal transduction molecules, disease
resistancégenébs andwthesndiseasd e ateid demdemas of the present invention can be

combined with cell compartment localisation signals such as nuclear localisation
signals, to function at any other regulatory regions, including but not limited to,

transcriptional regulatory regions and translational termination regions.

20 In a further embodiment of the invention, these modularly designed repeat units are
combined with an endoneclease domain capable of cleaving DNA when brought into
proximity with DNA as a resuit of binding by the repeat domain. Such endonucieolytic
breaks are known to stimulate the rate of homologous recombination in eukaryotes,
including fungi, plants, and animals. 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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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 p%@g&t&g}%wﬂerein said polypeptide comprises at least a repegt-gpmai.seaprising repeat
units, and these repea% units 20contain 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 encodingfePeHE Peiypernakits 1HeThEH Bt & e sSFiRid tREE 8 HEePiNE1TE By methods

known in the a(g;.&%@g@gglg@g REhows iRtieduseshihpRalypepticaishowd.include at least one repeat
domain that specifically recognizes and preferably binds to a 25target DNA sequence of base pairs

and modulates the expression of a target gene. In a preferred embodiment, all repeat units contain a
hypervariable mgitihwnisih deteliniinescretognitoncifibasapairsanatbarget Bidrsdqgmnce. Examples
of peptide sequences which can be .Iink«?[q to,an effector of the presen 3 itvelg(t)ilg , for facilitating
uptake of fleltorei %’t%a%(éﬂsl? i%glﬂe 1?‘})% 3reebﬁegg ﬁﬁ%’tgg %S@éznelﬁoagflr%o%glg pep'?lde of the tat protein

of HIV; a 20 reditiuetpeistiveséguaricdtwhivdaoudissponds bs wintires dciscfaci@3on@iEd16 protein
(see Fahrae“SLﬁ{]R'bﬁéa%%.6}t%%%ﬁteﬁ&'&?&e@é@%ﬂ%ﬁ%@tﬁ%@%ﬁ%ﬂ%ﬁa@ﬁf@mmﬁﬁi@@“9

homeodomain of Antennapedia (Derossi et al, (1994% . Biol. Chem. 269:10444); the h region of a

signal WO 20%01dirg4sora prd F3pc1drobie soandenitib sharcaltae adipssi bbb plad§rawth factor

(K-FOE) h regipp; oxthe YR22¢ansiogaeqnaamainiram. ibNitEH ol &100ared 92:4) Cell 88:223
233). Other suitable chemical moieties that provide%et[;ihanc%g cr%I lar uptake m(%lsgéso. bEychemically
st

linked to &¥fectdre?s¥dxihhotiiss akd i s H OO PRpT troscell
membranes. GiipfeRieah malestiesiane sompiseshif Bidedshénimpalys feallddvidbupadyataxins”): a

the ranslocatiSF SO DS O b et (0 L e S e T il wanaporied
into the cell. Seveldbbacteriat taiihg, bdiniiydirg @ detriginfpesfrimgénmsabialesiti ightheria toxin
(D), PseUdonmﬁssequence as well as a Fokl endonuclease domain to induce DNA breakage at or
15  near the target DNA sequence similar to previous work done employing zinc finger
nucleases (Townsend et al. (2009) Nature 459:442-445; Shukla ef al. (2009) Nature
459, 437-441, all of which are herein incorporated by reference in their entireties).
Utilization of such effectors could enable the generation of targeted changes in
genomes which include additions, deletions and other modifications, analogous to those
20  usesreported for zinc finger nucleases as per Bibikova ez al. (2003) Science 300, 764;
Utnov et al. (2005) Nature 435, 646; Wright et al. (2005) The Plant Journal 44:693-
705; and U.S. Pai. Nos. 7,163,824 and 7,001,768, all of which are herein incorporated

by reference in their entireties.

25  The Fokl endonuciease 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 cerevisiac has been used to
produce DNA breaks that increase the rate of homologous recombination. I-Sce 1 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 er al. (1991) Nucleic Acids Res. 19 (1):189-190,
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exotoxin A (PE), pertussis toxin (PT), Bacillus anthracis toxin, and pertussis adenylate cyclase (CYA),
have been used in attempts to deliver peptides to the cell cytosol as internal or amino-terminal fusions

(Arora et alv&%%%?&f%‘?ﬁ& |. Chem. 268:3334 3341, Perelle et al. (1993) Infeelmaiee@1:5147 5156
(1993); Stenmark et al. %1991) Cell 15BioL 113:1025 1032 (1991); Donnelly et al. (1993) Proc. Natl.

Acad. Sc!. USA 90:3530 3534; Carbonetti et al. (1995) Abstr. Annu. Meet. Am. Soc. Microbiol. 95:295;
Sebo et al. (1905yirstestmriitihicB 3 3merpeeed Rarkipeyeehraars o ipraErfia Atad. Sc!. USA

89:10277 102gkanenipyakiatabd$892 cboBigtd Glan s £:dihabsiitda8)o 20Eftectors can also be

introduced into an animal cell, preferably a mamrB%I%an cell, via Li osomes. rziln%Lil%os‘f)(%riqe derivatives

such as immuRdBSEsHeECRROYS AT M BBEE e é‘?gri%f\%%%ﬂ%so%ﬁ%?lé oF Ohe or more
concentrically Qselereanlipia bildyBres Which encapulatemby SqtleoupphagediBhedguebish phase

typically contains the compound to be delivered to th(; Il, in this case an effector. The liposome fuses
. : 1S gnt ) .
with the p asmi %%%%%?g%getlﬁe%r% %/f%rree é:aesfll}lbstﬁ% ‘e ?gctor into the cytosol.-Alternatively, the

liposome is phagocytosed or taken up by the cell in a transport vesicle. Once in the endosome or

phagosome, thg,ipgsame, er aradenonluses i (e meia0 ol heiansoa vesicle and
0]

releases its contents. 30The invention particularly relates to the field of plant and agricultural
technology. Iniecaspeicuiine plabininvatibor dnaeasastrr ARt tS MBI #h & 8xpression of
a target gene ig,plait calse Whigh methes seropiises mmyidiacrrlarhcrlw Nitialpglypeptide modified
according to the invention, said polypeptide being capable of specifically recognizing a target
nucleotid seq'iﬁ’é?l@@}Wla%%ﬁﬁ%%ﬂb?ﬁme&%%g}%ﬁfﬁmﬁ%‘&@ 7%;5?)&1%%00154 thereof, within
a target gene, gnehadlnisigeaidipolypeptide totesabe nine endrpanticaldriychinbois it fasdet nucleotide
sequence, whereby the expression of said target.gene,in said p| I$ I . e
polypeptide caweoig]ffﬁf\%éé% %ﬁﬁ%%?ﬁﬁué% g ?5%%}%&%2% ee’lr?ﬁ%g):lé:’%%?ogv}\}r?f?# i’%%%f?@br example,
the protein canve. ekagefioushf.add2 @Gicitedpritoallikantiah el phantéel|§ dfFipaihtained under

conditions Sucp e gaRARIAS P nlioAYRSS 9L PRk SRR IR s RaiaRs nucieotide

sequence and regulates thé expression o _ . T .
15  disclosures of which are incorporated herein by reference in their entireties. It will be

appreciated that any other endonuclease domain that works with heterologous DNA
binding domains can be utilized in an effector and that the 1-Sce 1 endonuclease is one
such non-limiting example. The limitation of the use of endonucleases that have a DNA
recognition and binding domain such as I-Sce 1 is that the recognition site has to be

20  introduced by standard methods of homologous recombination at the desired location
prior to the use of said endonuclease to enhance homologous recombination at that site,
if such site is not already present in the desired location. Methods have been reported
that enable the design and synthesis of niovel endonucleases, such as by modifying
known endonucleases 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; WO2007/060495;
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 Fok! above. In such applications,

target DNA sequence recognition would preferably be provided by the repeat domain
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the target gene in‘the plant cells. Alternatively, a nucleotide sequence, e.g., DNA or 10RNA, 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 seque es the
expression 8}(%122) (g?r)a%i (gene in the plant cells. A preferred method to m(%;]é?ﬁé%g%@géﬁgéession of a

target gene in plant cells comprises 15the following steps: a) providing plant cells with an expression
system for a pefyipe stigetenbuifet hsksrdiggreuidd mesataiisieddp dipsapigertbing capable of
specifically recogRizing.ang prgferably 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 20polypeptide is produced and binds to said

target nucleotigg seatenaeahuherebyrexpsessindRisaidiamelgenatinsaidiplansgallsigonodulated.

Any target nucleotide sequence can be modulated. by the present method. For example, the target
nucleotide“seqf ﬁsé%e%sg}ﬁ%ﬁi *%F?&%%éﬁ%‘tf&%%i%%%‘?{g se%%%djlflaelggt%? %%ﬁ%.‘ﬁ?%ﬁﬁ%grﬁ diment of the
inventiqn the taigds Mmﬂdgegmﬂnommbﬁ}jﬁésmaelimpeﬂmw@s'e:mdild vitro. Ina specific
e e L PHeIROlR. 80 SRef i AIdR0RNOUR A M1 RN AR Saigsl g cotde

sequence can %g‘focatgd in"any suitable place in refation to the target gene. For example, the target
nucleotide seqsasticecean heuglsstresaiy @i dowht ddpriefithe tecairg rebiorrlsiie target gene.

Alternatively, 3Qthe,iargetnueleolide seqrencads Wihin dhe coding regiamafihe Rigahggne.
Preferablé/, the target nucleotide sequence is a promoter of a gene. Any tar%et gene can be modulated

by the préSent $FEtAb YIS bitdrpied {RdErgut AR el e & PREG TSR 2RI Bbsynthesis,
modification, cgllylaytraffieking: MO LR 4 18430RGH 1 B2RLRR0154 iaeiabolismanskdegradation
of a peptide, a protein, an oligonucleotide, a nucleic acid, a vitamin, an oligosaccharide, a
carbohydrate, a lipid, or a small molecule. Furthermore, effectors can be used to engineer plants for
traits such as iforéasedichdaasetyedigtanaescthods of generating a modified plant in which a

desired addition has been introduced. The methods can include obtaining a plant cell
15 that includes an endogenous target DNA sequence into which it is desired to introduce
a modification; generating a double-stranded cut within the endogenous target DNA
sequence with an effector that includes a repeat domain that binds to an endogenous
target DNA sequence and an endonuclease domain; introducing an exogénous 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 couid 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
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modification of structural and storage polysaccharide's, flavors, proteins, and fatty 5acids, fruit ripening,
yield, color, nutritional characteristics, improved storage capability, and the like. Therefore, the

invention pravides a method of altering the expression of a gene of inter ]'LHB%I?J/%&%?II, comprising

: determininavﬁfzrqieﬂé%7§)§3é(f?y) at least part of the DNA 10sequence of the structural region and/or a

regulatory region of the gene of interest; designing a polypeptide including the repeat units modified in

accordance witiit {heSnleintion. tb3TédMmiZeshediid Basé Pairs’dn IRe DREX-8F knbii¥ ddfuence, and
causing said moghtied pelynsptidedoespresentinithe arget sl peeierativsin ey msigys thereof). (It

will be apparent that the DNA sequence need not be deteimined if it is 15already known.) The

regulatory regiSi BT BELYERETAOR HSHRITRE bRt regidirsratiechen el shsierest e.g. a distant

enhancer sequarcRallsiriland2RdRrasidiian bihe pahpeptidesnayradvaniagrousiyicomprise
functional domains from other gfoteins tsle ) catalxétic domains from restriction e dont%cleases,

recombinases PRI THeBG IS B EIRT Hie TRE B0 S G Rt L e rra Rt S L Ms. The
polypeptide masaaadpcomptisd activatidicdbptocessing sithals;cserchrasmiscléasgocditséiion signals.
These are of particular usefulness in targeting the ' S ellin order to
enhance e boL BF P O B T e R e moiiea
polypeptide mayttressynenéssiseachivaio Pt eefitheywire sutdokieliveyy il theof sl EBRA directing
expression of the polypeptide. Methods of facilitating 30delivery of DNA are well-known to those skilled
in the art and include, for exam.gle,, recombinant viral vectors (e.g. retroviruses, adengviruses),

liposomedind thesikeluatherq treHBeEEPHONy bt aertBhig Beksacks 817&d 8 cell and then
delivered_there{gpega@[ﬁy%y ﬁg@{ﬁ@gj@g@&@{g@m@@@m@rgt%&ha,@qﬁg@@p&&gﬂmt@@p@somes etc. or
20101079430 PEARISBTTOUULSA HIRETTESBAR BF A Bty S RCHHPHBTEANE 6 a membrane
transition domatie, AvrBs3-like family can be inserted into promoters to generate novel controllable
promoters that can be induced by the corresponding AvrBs3 effector. Secondary
15 inducible systems can be constructed using a trans-activator and a target gene, wherein
the trans-activator is a polypeptide wherein said polypeptide comprises at least a repeat
domain comprising repeat units of the present invention that bind to said target geﬁe
and induce expression. The trans-activator and the target gene can be introduced ito
one cell line but may also be present in different cell lines and later be introgressed. In
20 a further embodiment, discasc-resistant plants can be constructed 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 ofthe 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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or the transl,dca;ion domain of a fungal or oomycete effector, or.the cell-binding B-domain of the
classical A-B family of bacterial toxins). Indeed, one significant advantage of the modified proteins of
the invention_in controlling gene expression 5would be the vector-free delivery of protein to target cells.
To the best ORI the inventors, design of a polypeptide containirfey B! t unit

ge e inventors, design of a polypeptide containing ™ at units
capable of specifically recognizing base pairs in a target DNA sequence and its successful use in

modulation of gererexbyessidiNAs dpsoeb eth erelrdi fied thenablt Giprivicushyrerseh ddermonstrated.
Thus, the breaktiirough %fﬁ%ﬁ'ﬁ@ésmﬂ@ﬁ?&%ﬁmﬁe%ﬁl9%%%@5%@]@5&@&;8%w@ﬁgssibi"ties

that extend beyond uses in plants. In one embodiment of the invention, effector polypeptides are
designed for thSEgTOT#P & HFOI BIOPIRfI AdFa i BcRslaramtp sk wephda snsei Bedllydergst associated

?g?e& Fﬁr exa@ﬂ@‘&fﬁﬂ@kﬁ%{@@ﬂaﬁf @%\H%%Mﬁﬁﬂe&%ﬂ%@&ﬂﬁﬁi@%ﬁé@ﬁlﬁipﬁ&f ivalely genesd_fy )
e.g., the genes | terial or viral pathogens) In humans, other animals,or plants, or to moaify the
expressior$ of M &5%’ ﬁ%ﬂ?§%ﬁbﬂrg§%%@tﬁ)&gﬁt§§’}?@f & FRORAHEATHEIERBIEALR $Vides an

effector polypegptiide capable of inhibiting the expression of a disease-associated gene. Typically the
polypeptide will not be a 20naturally occurring polypeptidc 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 metfibdsnykthershventionoTeiel tntienr vlg edidtadis Ahedieid nfigenbmeenigineering. An

effector polypepide, 2 36AB 15 SLNRIBIRHRGSAL m&ecm?m%mmma{%&w&%% DNA sequence

in a genome. Said poI;;&eptlde can be modified o contain an activity that directs modification of the

target DNI seq9EMSBiES d° sitePsplameieembimstiom o iayianéncbresitcsetpoiges). This method
enables targeted:;RNAmedilisativns RAOMBIeF JenamssicOlma-atlifvrherampbodiment of the

invention, a p(})gpepti,de IS pr%\éiiﬂﬁq which is modified to_include at least a repeat domain comprising

repeat units, the FEpeaelnifs RYPERHE S rambil P ERRe ShifHYA iRl dbhietb ihition of a
base pair in a [dAseguBnestiMEHDRQOFA43QRCHMRELEIANREED Nha piefessathemaadiment, the

polypeptide |ncludg§ Wlth{: said regg{a}%gnlt a ha\éfperyarlabjtg re '%%“@é'fﬂ nlé sel%(ilt}%gflrgmethe following

. %On&l oin kil £ Sequeh S5€ PalIrs }’% ebe'nt fn & N COml
group in order {0 detelniine recognition of one e following base pairs .

15  approprate order repeat units as binding motifs having the necessary characteristics to
bind thereto. The greater the length of known sequence of the target DNA, the greater
the number of modular repeat units that can be included in the polypeptide. For
example, if the known sequence is only 9 bases long, then nine repeat units as defined
above can be included in the polypeptide. If the known sequence is 27 bases long, then

20 wup to 27 repeat units could be included in the polypeptide. The longer the target DNA
sequence, the lower the probability of its occurrence in any other given portion of DNA

elsewhere m 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 1s 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, CCRS3, ER .alpha., Her2/Neu, Tat, Rev,
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5 HD for recognition of C/G NI for recognition of A/T NO for recognition of T/A° NS for recognition of
C/G or AIT or T/A or G/C 10 NN for recognition of G/C or A/T 10 for recognition of T/A N for
recognition of C/G or. T/A HG for recognition of T/A H for recognitj ;flu?h K for
recognition B‘f%@fﬁésf)nvention also comprises DNA which encodes fo?g%@%}]-é@g t %polypeptides
described before. 20 In a still further embodiment, DNA is provided which is modified to include a base

pair located in dR3r§eSDK ARt Rs B RSFS £ BasBiYaieseh HadhetitchiigPeCagised by a
polypeptide whigh inglides atlsasharrpealiamaNsamRlisingisaPeREURES ptbRiEEREAT UNits having a
hypervariable region which determine recognition_of said base pair_in said DNA. In_gne optional
embodiment, SHFEEs&HiH fébféﬁ%’t’édl_ﬁﬂ’d’ Lk Yadxfrebdion é&n?r&%@q‘&é}'?ce(}ﬂ&g 10"the modular
assembly of theSepeRs, SOTAH IR ArSeaBeRBefah Hesropritncapshopspediiicaiyita GBI, by said repeat
fom he 1910w g G155 LTS TEEeH &G BT B B RS Ot s ey one of the
following hyperraiiabliendGiBris: AGIG, BT AL grition byniAD TALTPISF rerogpilistinnie,
EPSP synthase, FAD2-1, delta~12 desaturase, delta-9 desaturase, delta-15 desaturase,
acetyl-CoA carboxylase, acyl-ACP-thioesterase, ADP-glucose pyrophosphorylase, -+ -
starch synthase, cellulose synthase, sucrose synthase, senescence-associated genes,
10 heavy metal chelators, fatty acid hydroperoxide lyase, viral genes, protozoal genes,
fungal genes, and bacterial genes. In general, suitable genes to be regulated include
cytokines, lymphokines, growth factors, mitogenic factors, chemotactic factors, onco-
active factors, receptors, potassium channels, G-proteins, signal transduction
molecules, disease resistance genes, and other disease-related genes.
15
" In another éspect, a method of modulating expression of a target gene in a cell 1s
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 polypeptidé wherein said polypeptide
comprises at least a repcat 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 cither a3 DNA
encoding for the polypeptide or the polypeptide is introduced per se into the ceil 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 Fahraeus et al. (1996)
Current Biology 6:84); the third helix of the 60—amiﬁo acid long homeodomain of
Antennapedia (Derossi ef al. (1994) J. Biol. Chem. 269:10444); the h region of a signal
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T/A for recognition by NO 35 CT or A/T or T/A or G/C for recognition by NS G/C or AT for
recognition by NN T/A for recognition by JO. C/G or T/A for recognition by N WO

2010/079438]30%@‘}5%9900/000154 T/A for recognition by HG T/A for re(i?,c}y%ggé1 | %{/mg a/C for

recognition by In yet another aspect the invention provides a metho nucleic acid
sequence of interest present in a sample mixture by binding thereto a polypeptide according to the

invention, comprRsiAg eehtschadamessdtrpllasiigtarahjer i p6ipa prgiem Uit Xty for at least a

portion of the SegiReR.AldBIRIRSHoRP RSV EIRNVATG PAY PRI LY KecoaNze paghpreferably bind
specifically to the sequence of 1Qinterest. The term "modifying" as used herein is intended to mean

that the sequeftEARlCIIEIRS dBoHBRRARA BIRTARS BYPERS Y SO R BIgHEBARS. It is not intended to
suggest that t%@ﬁ@aﬁp@@@dﬁu@g@m@s is changed although such changes (and others) 15could

ensue following bindin E%of he %E T51de tci uclelc CiO];I regtr%onv niently the nucleic acid
sequence’is D RRBAiTcAtOR B ucfg 1é’md Gtinter ?mﬁwe%ser?s% %F%mralng Aeteto by a
polypeptide m@ﬁbedstm}cnmﬂamim@dutamﬂmedtotﬁratt@wa&m pretel €telbte dimanyiofias20aumber of

methods (.9, e ORI S AFSPAS e PR GRIRAPONFERIRR IRP L Rbincude racoacive

fluorescent, enzyme or |ot| stre
polypeptide. Typically, the translocation domain or polypeptide binds to a celiular

receptor, and then the toxin is transported into the cell. Several bacterial toxins,

10 including Clostridium perfringens iota toxin, diphtheria toxin (DT), Pseudomonas
exotoxin A (PE), pertussis toxin {PT), Bacillus anthracis toxin, and pertussis adenylate
cyclase (CYA), have been used in attempts to deliver peptides to the cell cytosol as
internal or amino-terminal fusions (Arora et al. (1993) /. Biol. Chem. 268:3334 3341,
Perelle ef al. (1993) Infect. Immun. 61:5147 5156 (1993); Stenmark et al. (1991) .J. Cell

15 Biol 113:1025 1032 (1991); Donnelly et al. (1993) Proc. Natl. Acad. Sci. USA 90:3530
3534, Carbonetti et al. (1995) Abstr. Annu. Meet. Am. Soc. Microbiol. 95:295; Sebo et
al. (1995) Infect. Immun. 63:3851 3857; Klimpel et al. (1992) Proc. Natl. Acad. Sci.
USA 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 immunolipesomes. 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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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 25the sample is performed.

Conveni_egtl\% 6h2e 1%%%9;%@“‘19 (and nucleic acid sequences specifically beihgtherein)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 mAERIROSr it rer SrEsel 019, 18drlRoBREEHdGe RS RIS SPEYRE AlSrane or in the 30wells
of a microtitre \p,ana. AR HRAOEHRS inveNie ssaidreneaiaamain opmpsing lREat UNts is

inserted in a bacterial, viral, fugal, oomycete, human, animal or plant polypeptide to achieve a
targeted recodAEBrRERIIR P BIBN BN IFBHEDr more specified base WO |
2010/079430PCT/162010/000154 pairs in a DNA sequence, and optionally wherein said repeat units

are taken from the repeat domains of AvrBs3-like family.of proteins.which age her optionally
modified ir% or tgoi%}%\l?ﬁgae f)ar“é-see%%%%?%s%}eé}ﬁg %’lrhrp w%s g?:ati?/%/%%%r}g %rgt m%ér% ase pairs in a DNA
sequence. Thetinvenfoncenoplnphs sesdsntatcet oxsuhstamitiatigaduntieunysty it astdecor protein
compositions. isglated'y o pufifeshBODUEIBAUCE PLRIGKE o OpbiaiRalCRllasteipartion thereof,
is substantlall)f) or essentla@ ree from components that normally accompany or interact with the -

polynucleotidetsr peoteisilabinga irithe s ronbelreiideseaurRrgrefviBhriberragsifiYiated or

purified polynuglegiide grRratein is.sulsiantimiv fireiof otheloativlsqmateliakmmiuse medium when
produced by recombinant techniques, or substantially free of chimicalgprecgjrsorj or ot[l?er chemicals

when chefhicaly éysiredirednOIimRanda o6  SEREs SR RIS TETARE YR iglisscs

querices (optimally
protein encodipg sequenRcEthaoaditaly diahkthehtzpplyned poligeptice bietjuenoesdgaated at the 5'

and 3' ends of the pol nucleotid? in the gengmic DNA of the organism fro igh.the, polynucleotide
is derived. Forr%%%ﬁb%{g,sﬁg‘{/%’ﬁg g(grﬁ%%%ﬁ%%ﬁtgf?ﬁ%&%?&gtr%e%eptgf)gﬁh%%%%%leﬁ% n cor?tagn less than
about 5 kb, 4 kb, 3 kb, 2 kb, 1 kb, 0.5 kb, or 0.1 kb of nucleotide sequence that naturally flank the

polynucleatide I Agaamic. BN B Mieicel TaruphichdhemaliicleptdpadeilvedogBhipiotein that s

. d
substantially fre ellular material includes preparations of protein having less than about 30%,
20%, 109%3 5%hefdldewing dispaveightvitios ptarhedng hrotewposHen B &6 of the invention or
biologically ac;’\s 9/,5{%8@ ihereel iscerambinantiRedkcestd pRlipallvie wie medimirepresents less
than about 30%, 20%, 10%, 5%, or 1% (by dry weight) of chemical precursors or
non-protein-ofﬁﬁ?é]r@%%uy recognizing, and preferably binding, to a target nucicotide 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
30 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
25  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,
30 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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25chemicals. 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. g gortg}(?r% %géhe amino acid sequence and hence protein encoded 30 thereby. Fragments
of a DNA sequen(,le %c?mprising coding sequences may encode protein frgﬁﬁéﬁﬁ%l?%%ﬂam biological

activity of the native protein and hence DNA recognition or binding activity to a target DNA sequence
as herein descrisé&boliarivatidedyadatigndatgptidDNActeguenchtiatdrstideiumaddiybeidization

probes generaliy fig;nakeNEods-pRotRINS thatdelainbialngigalactivity affiRo! elapgrmoter WO
2010/079430PCT11132010/000154 activity. Thus, fragments of a DNA sequence may range from at

least about 20 AUBFEBHARS Pansth oRriBrsbREBS B bt oerhasibstrIsed diserspresisadedl-length
polynucleotide pbthgdnuardininkivariasioi detendad d.meanmybalantiaiyssimiaisequences. For
DNA sequ%nces,.g \3ari.an1 go%rises a IIENA seguence having deletions (i.e., truncations) at the 5'
and/or 3' end; dSI8HdH AR Sudiih S Oh BUHHIBA FATEHHIRE UREVEF AidFESnternal sites in the
native polynuclentiiéitandidtheuiiistitution of one or more nucleotides at one or more sites in the native
polynucleotide. As used herein, a "native” DNA sequence or 10 polypeptide comprises a naturally
occurring DNA sequence or amino acid sequence, respectively. For DNA sequences, conservative
variants includd thugersdheéncescharobsicaasectiohefdéigengtheyrafrthecgerfeticcoodé, encode the

amino acid seqyeAge ofARGNAE BONRSRESS AL INNGRIG. NATaR QA SEgR08RS giso incude

syntheticgrl% derived DNA sequences, such as those generated, for'example, by using site-directed
15mutageitesiSHHENAsieh EaIFEHBHE 1aZNB 1A oF dRetHvenY sre cvetichs REngaianiesesta particular DNA

sequence of thgelyvantanpwithbaye: # s AR YEFAYontS Yo 8% 823 % o R0 3N t§2%, 93%, 94%,

95%, 96%, 97%, 98%, 99% or more sequence identity to that particular polynucleotide as determined
by sequence alyiHEIY BrEGPAREaRETH Biie RYS 20 tssOhbb Al R Rt S rvPfints of a
particular DNA ssetiedieobthtgpipiiiationdipees dheineferance RNAmeRUaNce) tamalsabe evaluated by

comparison of Ee cent sequence identity. b en the polypeptide encoded Ey. variant DNA
sequence and% %r%ﬁygg‘&?gg%?%&a%% ﬁtthee%r%gegresﬁ %eﬁgﬁﬁl‘%éalﬁ%%% ?% & tlgetqlﬁence identity
between afy twb@Bpdiypepiides 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 pefdéresdgiseneegiae sawdduisBrine aferentsdaapoisirs vt ibagdaast about 70%,
75%, 80%, 85%;8690reI] %d A2 ABWeF4%uIRWor similar).

20 In addition, the polypeptide may advantageously comprise functional domains from
other proteins (¢.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 méy 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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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 a%%%@gﬂ%gnal end of the native protein; deletion and/or adlg&];l%%l%fl%%%r‘tmore amino

acids WO 2 CT/1132010/000154 at one or more internal sites’in the native protein; or
substitution of one or more amino acids at one or more sites in the native protein. Variant proteins

encompassed PpdHg preiemefiietiiba e itogreampsevite offanEnbrayComifie eopHRess the

desired biologigaiRGHMceAARE AGHYS BIAlRINAS HRIGKRREL RetRIBr Sy eh: \RTIaRk AR result Sfrom, for
example, genetic polymarphism or from human manipulation. Biologically active variants of a protein of

the invention WilH&T BIPE St a6 1Ly S 8tk 889sddvc s A 09981 9898, 9496, 95%, 96%,
97%, 98%, 99%ammgre Sruesiia dderitiimiocihh oimingiasith seauemes fenthamatiienprotein as
detelmine% by se %Sbréct%ealigcqforgﬁ%tep({gg]ramgfanq ggarameters escribed elsewhere herein. A

biologically active fovariant of a protein SttHe TAv&N figrltaﬁ?ﬁf/ctﬁ er from that protein by as few as 1-15

amino acid residues, as few as 1-10, such as 6-10, as few as 5, as few as 4, 3, 2, or even-1 amino

acid residue. The pieing gLIEOWPHIGRRbIANSSY 1N yariows RV GINING: AiTino acid

15substitutions, deletions, truncations, and insertions. Met > for such maniptlations are generally
- known in the arePFRérakasipiRlaminsatinlbetsegeeiva hasrdardirateehiaNot tsaysisreins can be

prepared by mufatians it RNALMRtheds.fos rpuiagenesinans RelvRycentide aligratians are well
known in the art. See, for example, Kunkel (1985) Proc. Natl. Acad. Sci. USA 82:488-492; Kunkel et al.

(1987) 20WlethBaeinbssn slernausiayodagbus, the BegkibraishaBths pgsenvaicRfianaGaastra, eds.
(1983) TechniquesoitMeleaifatRitagyndasciilan RuklishingGAmpama Newnjsakand the

references cited therein,. Guidance as to appropriate amino gcid Sté%qtituti s that do not affect
biological actvi) T IR HPSTE A SRR A& TP IS e P MOR IS 0 78) Atas of
Protein Sequencd/@andd@hylietineus NaituBiorpdd: Resskound diwashingtoneD gEokshdiain
incorporated bggﬁﬁ%ﬁgﬁ%ﬁ polypeptides could be used to inhibit the expression of foreign genes

15 (e.g., the genes of bacterial or viral pathogens) in humans, other animals,or plants, or to

modify the expression 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 effectof 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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- 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 ed to produce radical changes in the characterisi in. However,
when it is di i(c?uzﬂlt%g6 ?j%éict the exact effect of the substitution, deletion,?ﬁ}lgﬂ%‘#l}c?ﬁ@%qé%vance 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. WO 2010/079430PCTRE2010/000154

Variant DNA sgoigiRggsa e Bheleids, aiR,6RpepRaa sRcRRIAVONAES and ppeleinstderived from a

mutagenic and recombinogenic procedure such as DNA shuffling. Strategies for such DNA shuffling

are known in tREPSTYae F5RaRarRinR ISRlpirL frere 8if) (olow KGR UA EABrSLIc YEN8H9 074 7-10751;
Stemmer (1994:Haidte 376238980 Io(oraimebiast pdirgl997) Nature Biotech. 15:436-438; Moore et al.
(1997)1. Mot Blot 272:336- 347; Zhang et at (1997) Proc. Natl. Acad. Sci. USA 94:4504-4509; Crameri
et at (1998) Nature 391:288-291; and U.S. Patent Nos. 5,605,793 and 5,837,458. 10 In a PCR
approaches, oligonueledtieggrimegsaitan BHEsigned for use in PCR reactions to amplify
corresponding DNA seqhig¢fieasdognitic NAAGT genomic DNA extracted from any organism of interest.
Methods for designing PGRfprireergnéiuch BCIRACloning are generally known in the art and are disclosed
in Sambrook et al. (198X MolectdaniGionifid/d dahdratoryAMargii@l (2d ed., Cold Spring Harbor
Laboratony Press, 158 lanvigw rddepmivionkgf S&ealadiinnis et al., eds. (1990) PCR Protocols: A Guide
to Methods and Applicaticre(Acageia HEss, New York); Innis and Gelfand, eds. (1995) PCR
Strategies (Academia Pregsr Newrmiesk)oan sl oniy and Gelfand, eds. (1999) PC?? Methods Manual
(Academic Press, New Yigkhritawnsogopsof PCR include, but are not limited to, methods using
paired primers, nested pHmeigcsigRROspecific primers, degenerate primers, gene-specific primers,
vector-spegific primess, patistyctaismaighed;mrimers, and the like. In hybridization techniques, all or
part of a known polynucleotide is used as a probe that selectively hybridizes to other corresponding
polynucleotides present.in 3%25 populati clgngd %%tao ic DNA f(a%entslor CPI\([)A fragments (i.e.,
genomic or cDNK BEHEE) 18 CE BRESEN Srgdniem The hyBridrlion proBes may be genomic DNA
fragments, cDN&dridgdrisritss. RNA fragments, or other oligonucleotides, and may be labeled with a
detectable group such as 32P, or any other detectable marker. Thus, for example, probes for
hybridization can be made by labeling synthetic 30oligonucleotides based on the DNA sequences of

the invenfion. Wettibdishesespbedifornbiiidberoyingbmdishtio madides te drdvdictibroPEDNA and

genomic librarigs ate gensrallyiaawiinshesariandars.disclosed i Samhank fbakntdqB9) Molecular
Cloning: A Labig)rator}/ Ma?gal &Z_d ed., Cold Spring Harbor Lahoratory Press, Plainview, New York).
y a polypeptide w

ich 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 1s 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

AJ/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 1G.

C/G or T/A for recognition by N

35
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WO 2010/079430PCT/132010/000154 Hybridization of such sequences may be carried out under
stringent conditions. By "stringent conditions” or "stringent hybridization conditions" is intended

conditions up! ezro\{\é?oi%ﬂs% probe will hybridize to its target sequence to a detectabl%/@eg\ter degree
5than to other'sequences (e.g., at least 2-fold over background). Stringegf:&%&?ﬂ Lk

sequence-dependent and will be different in different circumstances. By controlling the stringency of
the hybridization andfor Wasfingcondigory, Biget sequences that are 100% complementary to the
probe can be identified (hénfoiagasitiabiyd). Alternatively, stringency conditions can be adjusted to
allow some mismatchindi{ ¥osegogmbes bpitkat lower degrees of similarity are detected
(heterologous probing). Generally, a probe is less than about 1000 nucleotides in length, optimally less

than 500 wcl%ﬁs@@éﬂ&ﬂr&%@cﬂwmuxﬁéﬁrmgﬁ%gg%{WOWMW%@M%WG salt

concentration is fess than 15about 1.5 M Na 1on, typically about O. .0 M Na ion concentration (or

other salts) at PAIUERSYE B P RS YRR FATIRE iRUYERRY ABCirShersir shObmSTsEs (e.g., 10 to 50
nucleotides) apg-aid@ashAOM, BRGAOLJaRgiRMERAS R the He S ibam-alBslaQtides). Stringent

conditions may also be achieved with the addition of destabjlizing agents such as formamide.
Exemplary lowPSHREEHE RERGHBREIHORAILSH APBFRI AP SR EL ALPSBRNON 81 90 to 35%
formamide, 1 Miba@k, pblopSRi{ sedivmdodacybsitpitaie)ial Sy€cifivad wrovasdgubrdoofX SSC (20X
SSC = 3.9 M I\lll%C_ZrLQJSQ.S M trisodium citrate) at 50 to 55C. Exemplary moderate stringency conditions
include hy%ridiza(flon'in 40 to 45% founamide, 1.0 M NaCl, 1% SDS at 37C, and a wash in 0.5X to IX
SSC at 55 to 60C. Exemplary high stringency 25 conditions include hybridization in 50% formamide, 1

M NaC1, 1% SRS af 37, and A Washil Qe S6.ALE0 40,056 RpliRnaliy.vash buffers may

comprise about 0.1% to about 1% SDS. Duration of hybridization is generally less than about 24

hours, usually @B6iftczetossitdSrpyLY tHedudratontbe prbyreshlaniasintheradrbst a Length of
time sufficient tgdeachaqniliiuec3eraneeiiciss is tipicrlly gﬁsrg@%cm ehaosk Rridization washes,
e fin

the critical factors being the ionic strength and temperature of t al wash solution. For DNA-DNA

hybrids, the TriC8khBEE pHoRHabR s e BUBERH oF MBRTKGIR it YOAHTEL¥84) Anal. Biochem.
138:267-284: Thnvelienly thd 6uoifiogdvl) sedhchbd % BEN-0.61 eV WO
2010/079430PCT/1B2010/000154 ‘
Modification of the nucleic acid of interest (in the sense of binding thereto by a
polypeptide modified to contain modular repeat units) could be detected in any of a
20 number of methods (e.g. gel mobility shift assays, use of labelled polypeptides - labels

could include radioactive, fluorescent, enzyme or biotin/streptavidin labels).

Modification of the nucleic acid sequence of interest {and detection thereof) may be all
that is required (¢.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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form) - 5001; where M is the molarity of monovalent cations, %GC is the percentage of guanosine and
cytosine nucleotides in the DNA, ')/0 form is the percentage of forinamide in the hybridization solution,

and L is the Ieé)%%h &1}‘ tgée hybrid in base pairs. The T. is the temperature[g rz%%f%ﬁggionic strength
and pH) at whit Y5 6f a 5complementary target sequence hybridizes to a pértectly matched probe.
T. is reduced by about 1C for each 1% of mismatching; thus, T., hybridization, and/or wash conditions
can be adjusteRbits HybFdizescausagaanceboraldubiret it mpeH ondxara e fsegiehces with

>90% identity arg.souahlidher hveBmbederaRse,IAG Ganerally reiinaephconditqnssmie selected to

be about 5C lower than the thermal 10melting point (T,") for the specific sequence and its complement
at a defined ioFCEHFE BN AR - 195RESSPCSKRhRIFRERTHRIY SO RBRRITBUARBHIPAIS Rgbridization
and/or wash atiy & séq@hés lower than the thermal melting point (T.); moderately stringent conditions
can utilize a hybridization and/or wash at 6, 7, 8, 9, or 10C lower than the thermal melting point (T.);
low stringency conditions can utilize a 15hybridization and/or wash at 11, 12, 13, 14, 15, or 20C lower
than the therm@hemelténgqpointdihipa dstsing thedaguatisan tntbrigirdtidpalydusiashdcompesitions, and
desired T., those of ordinary,skill will understand that variations.in the stringency, of:-hybridization
andlor wash SO bR A O A B e 7. o
less than 45C (aquepersieoibeisn). 6f 3a«ioalamidssdithiv fpctier2 oopraents itirease the SSC

concentration s ial AlaNGAISIPEIRIIE Al RE WASKLAR IGRENR LIS ING fybridization of

nucleic acids is found in Tijsscn (1993) Laboratory Technigues in Biochemistry and Molecular
Biology-HoridizatsihntrNing sty Kesinpibb E&u P aftifoletsa Step Wi RS NERlidesHk): and Ausubel et

at, eds. (1995)fd4618 friaoelaTdalestlar Bialpays fhapiarditeresnaivbishiphandL5
Wiley-Interscience, Neév York%BSee Sambr%ok et al. (1989 oIecL&Iar Cloning): A Laboratory Manual
Yo Gt

(2d ed., Cold SPriTEPHRHEY (4BBIMEH PrEREBIAI AR 0 PSR SHRMDE that the DNA
sequences andnaieibswdfcthehimvientip nyariceinah sOBhrpbiynucicolidedinaibcuidscidd proteins
comprising a ngiclegtide or an amino acid sequence-that is sufficiently identical 1 the DNA sequences
orto the amne Seat San R AL e B A RS rerein o refer
to a first déinopatidusientidtdbtidscseeurendectited gohetsthend Suffidiadittor peisimeretidanibehof identical

or equivalent (g4, Wit SIBHIAL SideCHAIRMANARPHIJESINESDQlic W Qerived. For example,
2010/079430PTT/IB2010/000154 nucleotides to a second amino acid or nucleotide se%uence such

that the first anl SEeeHcCEbRIABIABR Brertrirted aelamlrmides HarngisoRbasthaEtirsPdbmain and/or
kb, 3 kb, 2 kb, 1 kb, 0.5 kb, or 0.1 kb of nucleotide sequence that naturally flank the

polynucleotide in genomic DNA of the cell from which the polynucleotide 1s derived.
20 A protein that is substantially free of cellular material includes preparations of protein
having less than about 30%, 20%, 10%, 5%, or 1% (by dry weight) of contaminating
protein. 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 vanants 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 herem 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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common functional activity. For example, amino acid or nucleotide sequences that contain a common
structural domain having at least about 70% identity, preferably 5 75% identity, more preferably 85%,

90%, 95%, 96%, 97%,. 98% or 99% identity are defined herein as sufficien li( identi/cal. To determine
wo r%etm/g?%sa : . _ : - PCT/ABI010/000154 .
the percent i Ity of tWo amino acid sequences or of two nucleic acids, the sequences are aligned

for optimal comparison purposes. The percent identity 10between the two sequences is a function of
the number of igénmtizallbosidussehsec: BNAcsuguentey [heee pornanitadrgut2lumber of identical

positions/total RHMBEHL] RESIIGHS e PUCHARRINGORRSILARSIX HAQ 10 ARGSMBGIMeNt, the two

sequences are the same length. The percent identity between two sequences can be detelinined using
techniques sinﬂF&Y’%Bcﬂﬁ%%@d%gﬁi’ﬁéfﬁrﬁéfbw, with or without allowing gaps. In 15calculating percent
identity, typically exact matches are counted. The determination of percent identity between two
sequences can pe accomplished using a mathematical algorithm. A prefer eéi nonlimiting example of
= mathematical LGP HAGE 15 TR LORBATON SFRUS SEHErtbe f M A bikarin and
20 Altschul (19e0kRrcenplaits ACRIA SciubiSABYiR Gdictivadified asrcakartinaatid Altsetnul $1993) Proc.
Natl. Acad. Sci n%ﬁ@190:587§75877. Sucq an algorithm ist in(].:.f? rated into the NBEIHAS\%I' and XBLAST
Schul &

programs of ARSERTGEST (1A8DYE RIGL BIdI 5 V5 465 BT n b 8b e ShaEhe

_ nucleotide searches can f%énperformed
with the NBLASTE prograniysedeetdd.codiosulstigithoa 42one abtaeire nudikssiite daggencesrhomologous

to 25the polynygleqds MAlCCHlas-Abiag; ivenigh BLART POIGIR SBAINGS caRdNs performed with the

)(BLASTErogram, score = 50, wordlength = 3, to obtain amino acid sequences homologous to protein

molecules bf tROTRHES FOME EBEANFUSHE P RN for SRS RTBR U ESES e55Bped BLAST

can be utilized @gydasaipeddnoischylatads (192G MueleisAsids Res: #oR3Budltesmatively,
PSI-Blast can be used (EﬁOto erfolin aréﬁ'tgilrated search that efgs distant relationships between

molecules. Se@ KRN BEFECPSHFY S Hhs SRRRRGAR-RGIBE NS TS SSELBIUARSE A8 SI-Blast
programs, the defetfiodgrapridiets tlkthe¢aspeciise pragFams (ecgeeXBioAGIalkd NBELASGTY can be
used. See http.{/ i.nim.nih.gov. Another preferred, non-limiting example, of.a mathematical
igoritm il 8 T e TR B e S L A oL LA R o o e
algorithm16f Mymst@nd% ihe?@%&ﬁ@ﬁumd)&@mleimhfﬁwdhm@gpﬁitrrw«’iéi}meﬂamfatéd into the
ALIGN program, (versiom Rk Wikl ISRact N dieoF i RRAURTCRAISNMen] spitarg package. When

utilizing the ALIGN program for comparing amino acid sequences, a PAM 120 weight residue table, a
gap length pen®ify-Si0Te Hrel 828y Spehdity H1a. Oarbe’ vsdd A RGrinfE meHaSLarEs %e perfoiwed
manually by inspeetien: Wessietne Vs KIRIAESRHRNEEIEERIURIBAaATYaluas provided herein
refer to the programs and parameters as described elsewhere herein.
20
Variants of a particular DNA sequence of the invention (i.c., the reference DNA
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 thé 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%, 39% or more sequence 1dentity.

“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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‘value obtained using the full-length sequences of the invention and using multiple alignment by mean
of the algorithm Clustal W (Nucleic Acid Research, 22(22):4673--10 4680, 1994) using the program

AlignX included.in t ss%ftware package Vector NTI Suite Version 7 (Infcy%zm%e@%tbesda, MD,

e
USA) using%%zgé?g)a?# parameters; or any equivalent program thereof By "equivalent program” is

intended any sequence comparison program that, for any two sequences in question, generates an
alignment havii@igeviteeeriticmatiticoinhfinaiearPidn o8 TbTERESHATPER FESRIEAYBRcent

15sequence idgity Wheb:csmparediianbe.cou srnendivg ahigpreniganented &y héSTALW
(Version 1.83) using default parameters (1available at the European Bioinform@ﬂe(rzﬁ Institute website:
|

htm:/iwww. ebiPAESER/ TBERRR AR RIAES AR FHEPHR R SL RIS RIS TS ¥an be provided
in expression GasiseltedanAQernmessitn i@ psaianibte orreukdydticacatitantiprardganism of

interest including, but not limjted to, bacteria, fungi, algae, plants, and anjmals,, The cassette will
include 5 and g‘ g%ﬂh%?@ 8 eq&@’ﬁechecsp 8¥ (—i-r(a)iiPﬂ?/1 |nk°erdﬂ 0 a}%ﬁ?&l gleaal egrll%(leogfst%ig?% 18%§'on. "Operably -
linked" is intenstety¢o-arieatn ef ﬁpmt&imaf.ﬂm(agerb'etmé}ﬁgﬂ@ abrlend b e Mismntd 5%86%&mple,' an
operable linkage hetyeen a ponusIaetis cogene, pinjeres! and. remiiaionsrguence (.e. a

promoter) is functional lin thé_lt allows for expression of the polynucleotide of interest. Operably linked
elements may Mentdntiytheusiiortsifl semitrygs (. heraH (Fsegiearratelete HBSb MINGBERRD protein
coding regions,;hy, opgraRlylinked ds inended dhathe crding-reaiens areinp hasamemading frame.

The cassette may additionally contain at least one additional gene to be 30cotransformed into the
organisml(}3\Ite?’ﬁéﬂ%ﬁ,%H@?Hb?ﬁé??apdéﬁté?gf%’nd%%mgﬁté’ﬁoﬁﬁﬁﬁﬁ@Sef??ﬁ’ré‘%%ﬂén cassettes. Such
an expression gasseiiedspiadded sithaiploralioh af restrjatioasies, antferactd@nbioatiomsite for
insertion of the DNA sg—:‘cl encg to be under the transcriptional regulation of the regulatory regions. The
expression cagsgﬁgl?h’h%ﬁéa%} fShally contain selectable marker genes. WO
2010/079430PCT/1B2010/000154 The expression cassette will include in the 5'-3' direction of

ranscription. & anseripiond AN drAS ALORRL INHBIANARIA0 My A RIAMPIETh ABINA sequence of
slational termination région (i.e.; termination region)

the invention, and Ic{r?ranscrlptlonal and tra al ter T ]
functionalin plawhstortsthedriianisruoeationshendanstitionge M athedtdyuratdrPregBIEgNe ., promoters,

wanscriptional [egulaloryy RgiRASANY e RURALIEIIAYGA SEloBRANdar B DNA sequence of

the invention may be native/analogous to the host cell or to each agther. Alterngi[ivel , the regulatory
regions and/or THRmesERIche 816tHE SAR BRI WaTiatrgiigdhe e HEE1%BI Yr to each
10other. As usggfaeaiis Retpiagenstide sefeigpeeHe adbRuenceisa seqBanderthat originates from

o e o ST e s el o s o
operably finkediterrotiete Biogaels FdlpiicsdtidesiPtom lHos pecidd Hiffdiethefrom thesspecies from
which the 15polynucialide was derivador L TamADs RABHHIA PORKARERAG ek Poth are

York) and the references cited therein. Guidance as to appropriate amino acid

substitutions that do not affect biological activity of the protein of interest may be

found in the model of Dayhoff ef 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 s0, 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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substantially modified from their original form and/or genomic locus, or the promoter is not the native
promoter for the operably linked polynucleotide. As used herein, a chimeric gene comprises a coding
sequence oRerably linked to a transcription initiation region that is heterologous to the coding
sequence. Zﬁﬁﬁ%y?éﬁgr%ﬁ%%ation region may be native with the transcriptiong‘gﬁ{ﬁa%%ﬂ?g]g%n, may be
native with the operably linked DNA sequence of interest, may be native with the host, or may be
derived from another source (i.e., foreign or heterologous) to the promoter, the DNA sequence of

interest, the plaphashRiaRyARRINALIAN ARk CROVARISOL ZRteIIInaI MR egios foruse in plants

are available from the Ti-plasmid of A. tumefaciens, such as the octopine synthase and nopaline
synthase termif&ibh FMAEHEC SodraresbinemmicRrerdire seimves PR asheEing. Seotages144;
Proudfoot (1994 Geth 8B/ drbfdn Saniacsmeh ald AR E-G enas Beve 6144 91 Magen,et at (1990)

Plant Cell 2:1261-1272; Munrgg et al. (1990) Gene 91:151-158; Ballas etal. (1989) Nucleic 30Acids
Res. 17:78%91-7%%(%,’4I gﬁﬁ"\%fi%h[?% gi:tgg%%‘)lﬁiﬁ&l’gﬁeﬂlﬁﬁ%éiaégsdf%f%‘?%ﬁﬁée%éfgﬁl}?e%%ﬁropriate, the
polynucleotidesmay 119870 plimizediforcin dred3ed Sk pvessiosr il d1ivansfompedsarganispisThat is, the
polynucleotides gan,be synthesi 5ing .codops prefer t orimproved expression. See,
for example, Célﬁr?n%rggﬁngneé &%ﬁ?%”fdfﬁ%%ﬂ%%b%%ﬁ&%ﬁ% %&Syﬁfaarﬁ Physiol.
92:1-11 for a didf88sisnor 0138 ePorctndbdnPatamg &iov Sthodld Brenahalabish the art for
synthesizing host-preferred gene, particularly plant-preferred genes. See, for example, U.S. Patent

Nos. 5,380,831, and 5,436,391, and Murray et at (1989) Nucleic Acids Res. 17:477-498, herein
incorporatdd byyéfetdherrsaaditiiirarseisobicarmsafaatscteasdBnrstaeRhBrisacyene

expression in aceHipRfRsteshbeSa TN e Qliminalionml BRIUENSaHANC OMATSRHFRY Srom
polyadenylation signals, exop-intron ;@Iice ait?gigﬁnals, transposon-like repeats, and other such

weil-characteriZB4 CEAUEH YL THE Iy BE G ISR R Jérit BUPFESSIT FhelesiesBhtent 100f the
sequence may deaadiysteckio level sravedage dsrlag enScelvleskhast). apealcuiated/ly reference to

known genes expressed in the host,cell. n possihle, the ence is modified to avoid predicted
hairpin secondgr%% 'NgA%t%ﬁ?gfﬁof s]‘.?%ueae@grg‘gé%%h%%?éﬁga ?#315;% ﬁ‘lig’n fecsghtain 5' leader :
sequencek’ SuBhumacier ¥ssepréhdiss shn hotitclenhatdcd 1905 REBE Framdtatiofuaiaders are known

in the an and inglygle; RiGomayinsieadersqfaresampiee FNGY) 9aner (regphglqmyocarditis 5
noncoding region) %Elro%-Stem et al. (1989) Proc. Natl. Acad, Sc!. USA 86:6126-6130); potyvirus

leaders, for exdhi [adgieTOBRETe EXErsyiNgEy York); and Innis and Gelfand, eds.
(1999 PCR Methods Manual (Academic Press, New York). Known methods of PCR

include, but are not limited fo, mcthods using paired primers, nested primers, single
20 specific primers, degenerate primers, gene-specific primers, vector-specific primers,

partially-mismatched primers, and the like.

In hybridization techniques, all or part of a known polynucleotide is used as a probe
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 ez al. (1989)
Molecular Cloﬁing: A Laboratory Manual (2d ed., Cold Spring Harbor Laboratory

Press, Plainview, New York).
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(Gallic et al . (1995) Gene 165(2):233-238), MDMV 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 masaic virus (AMV RNA 4)
(Jobling etalwaé%‘%aﬁgfﬁre 325:622-625); tobacco mosaic virus leader ('FQIW(?@%WI? VSE (1989) in
Molecular Biology of RNA, ed. Cech (Liss, New York), pp. 237-256); and maize chlorotic mottle
25virus leader (MCMV) (Lommel etal. (1991) Virology 81:382-385). See also, Della-Cioppa et at

(1987) Plant Phaioh; B#305r 368 {HBEGPA RS e SXRIGIUAMSSSElEANGNAHIAHS YA fragments

may be manipulated, so as to provide for the DNA sequences in the proper orientatior and, as
appropriate, in SOREBrepRAHORLIRY TraRRecTt Sulidimive sandidapiers BrmirérdioBe employed to

join the DNA fragiaentscargihee ManRulaticn MR Ralved 18 RrRYidREer senveqightdestriction
sites, remaval of superfluous DNA, removal of restriction sites, or the like. For this purpose, in vitro

e DL
mutagenesis, PHRE? PHBLICTEQFRGE- afiletidgore Sy hrgkerund)g SHiaReH SRAUHRPH ESsversions,
may be involvedquéits 2636108430 RO THBRIR0600 E5i-Anuinbeneifuempiessreailing tsed in the

practice of thesipvention. ;l’&ee Bﬁr[%rp Iég{ls can,be selected based ontthe host of intglrﬁst and the desired

TIRCCHCY O do 1L and/or washin 1tions, target seguences T
outcome. The nucleic acids ca e compined wi Con%ﬁ?lﬁlve,Iflssu -prererred, or ot?hgr promoters for

expression 5inlpRinteci8pich cuastitativeppebaaiebs idetdedftoexdogple, tbiogie CaMV 35S promoter
(Ol o at (1%6) et USEL12): en el VGELRY o 100 R CRIZ 46S-171)

ubiquitin (Christensen et at (19 lant Mot Biol. 12: 632 and Christensen et al” (1992) Plant Mol.
Biol. 18:6/5-6899uFERMIN sstey & deroms pivevlariy pre depeedghasselemsy mobdielten et al.

(1984) EMBO ¢3:2:483:2730) il QAL Sy apeaianil mcRatrit Noer:ap 3 R2Rand thedikpoOther
constitutive promoters include, for example, U.S. Patent Nos. 5,608,149; 5,608,144, 5,604,121;

5,569,597; 5,ABUCFSEIS 305HED: 5 268,463; 5,608,142; and 6,177,611. Tissue-preferred promoters
can be utilized to target enhanced expression within a 15particular host tissue. Such tissue-preferred

promoters for yse mgglagts mclerﬂ(ﬁut are | qgelwlted to, Ie%fz ref redcpr(%mcoter.s, root-preferred

promoters, seed pratorre I ometara R Ltehs Braran SIS ORISR LTRSS & B¥Bmoters

include Ydmambiotét aM (X997, Byarvully 32¢2) 285265) KaWamatastealr{1@oORidrt €&it)Physiol.
) 152 0% IS S s 0 5
' 50 nucleotides) and at least about 60°C for long probes (e.g., greater than 50

nucleotides). Stringent conditions may also be achieved with the addition of
destabilizing agents such as formamide. Exemplary low stringency conditions include

20 hybridization with a buffer solution of 30 to 35% formamide, 1 M NaCl, 1% SDS
(sodium dodecyl sulphate) at 37°C, and a wash in 1X to 2X 8SC (20X SSC=3.0M
NaCl/0.3 M trisodium 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: Tp=81.5°C + 16.6 (log M) + 0.41 (%GC) - 0.61 (%
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112(3):1331-1341; Van Camp et at (1996) Plant Physiol. 112(2):525-535; Canevascini et al. (1996)
Plant Physiot 112(2):513-524; Yamamoto et al. (1994) Plant Cell Physiol. 35(5):773-778; Lam (1994)
Results Probl. Cell Differ. 20:181-196; Orozco et al. (1993) Plant Mol Biol. 23§g:1129-1.,138; Matsuoka
et al. (1993) PP RAR*Aad. 25Set USA 90(20):9586-9590; and GuevardsGArEA & Al (1993) Plant J.
4(3):495-505. Such promoters can be modified, if necessary, for weak expression. Generally, it will be
beneficial to eXpregs #98/gewbdioM wrilipandibiey pionsorenl pairtdintasly ffdmisthmpaogerdaducible

promoter. Suchnromaiges.inFluas hose iomAqRatbeseResisyRlaief PraleiR R R proteins), which

are induced following infection by a pathogen; e.g., PR proteins, SAR proteins, beta-1,3-glucanase,
chitinase, etc. @é@?@%%ﬁ%@%%ﬁ%ﬁ%ﬂ%’%@}%{ﬁ?@ Iengtht pihsdiyBodindss paitfknes et at
(1992) Plant Cell16A51685GnandMa0 (Leen (LB8S) Blantidabiy st A1 1idié Spe atso WO 99/43819,

herein incqrporated l:%{ refere%nce. WO 20][]3/07 .430PCT3%§010/QO%1%34 Og interest ai{h? Fﬁzomoters
that are expre<SEPIGLSN 3t BIETEFHRE GO BFRAH G &M Thiethomsass 5 xa e M&rtheau etal.
(1987) Plant Mg}.aBint TG 3&-342; MattbmietatofiDE b olec b fdiamtodj eralie Wwderactions 2:325-331;

Somsisch etal. (1986) 5Prog¢. Natl. d, Set. USA 83:2427-2430; Somsisch et al(1988)MoL Gen.
Genet 2.03-08 T et Toom T A SRR B SR RC R o, Chen el
(1996) Plant]. £8208%:066sFisaty stithl >00304jcprigeaN atugitaitie Sei cndr &eeBST-26(1.; Warner etal.

(1993) PlantJ. G AP0 REs il 1 98 BIon el 538150, L SEART A, . 750.386

(nematode-inducible);"and the references 10 cited therein. Of particular interest is the inducible
promoter 1or tHaHiaE BOPIR M o gen E1RekE CGIHSEsTOITS iR aUERE By pasB§Rierissarium

gﬁniliforrlne (s?eertgch@@rpmef@%dé@@s@&?bwls%%ggelﬁmﬁi]alﬁmIeﬁlaﬁﬁEfmyﬂaialﬁﬁr&Q_ ' ] g)-l -
emical-regulated promoters can be used to modulate the expression of a gene in a 15plant throug
the applicationa&ﬁ?é’ﬁ %%%&o&siﬁééi%&P%ﬁﬁ@fb@ﬁ FERMGHRo AW G BRAST#-bromoter may
be a chemical-intheir ecpibtivateraminiie: application af thd/cheaicat H)duses, gehe expression, or a
chemical-repressible promaien Jhers, appication ofihe. chemical repreases,gene expression
Chemical-inducibie promoters are kiown inthe art and mJuc?e, but are hot limited to, the maize In2-2
promoter ] 20whithidzagtivatstdon ybenatelieddlfoharhids., lne Bidd b safeher shetecrmaiza<BBE promoter,

which is activa{,%qlpyrgyd Rig @dﬁ%@gﬂ%ﬁgﬂ@&yﬁﬁs&g@ a;%}g&%gg, Qﬁg-&éﬁ%g%ﬂt herbicides,

and the tobacco PR-la promoter, which is’activated by salicylic acid. Other chemical-regtilated
promoters of irfte¥estfintiiigersetbriliauderénd hedrteiensiethfostanampiithridization

glueocorticoid-iadupIRIAIPEEMOIRE i-36haBASIRLABEAI IR RGNl ACAE BRI MMM

88:10421-10425 and McNellis etal. (1998) Plant]. . . , o
results in a T, of less than 45°C (aqueous sotution) or 32°C (formamide solution), it is

20  optimal to increase the SSC concentration so that a higher temperature can be used. An
extensive guide to the hybridization of nucleic acids is found in Tijssen (1993)
Laboratory Technigues in Biochemistry and Molecular Biology—Hybridization with
Nucleic Acid Probes, Part 1, 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 ¢/. (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 sequencés 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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14(2):247-257) and tetracycline-inducible and tetracycline-repressible promoters (see, for example,
Gatz et al. (1991) Mot Gen. Genet. 227:229-237, and U.S. Patent Nos. 5,814,618 and 5,789,156),

herein incor Egj gference. 30The expression cassette can also ¢ /ti' s %%table marker
L 4 %ﬁ) Q’% .
gene for the selgéag |/c{)’?1¥o% transformed cells. Selectable marker genes are utilize %)rt e selection of

transformed cells or tissues. Marker genes include genes encoding antibiotic resistance, such as those
encoding neorfiyeitP prsspricheristarase Aoy daeiHy §PaHsyeRsprbdshBiedigterdse (FilPT), as well

as genes conferrng) Iesistalse JPhelRIGHIA CREPOURAS, SHGARS i iRaINAE MR and/or
2010/079430PCT/M2010/000154 ammanium, bromoxynil, imidazolinones, and

2.4-dichlorophEMBRRJERLHCS LAY TR d itfoRaridiie AFAIHR RS REPS RS pHISAET S8 markers such
as f3-galactosiglasgirana-tuasascaitpadtRingisuehiag green varcrranianodteip¢GRB)y(Su et al. (2004)

Biotechnol.Bio 8b:610-9 and Fetter et af (2004) Rlant Gell 16:215-28) . cyan flgrescent protein
(CYP) (Bofte oo tﬁ%ﬁ‘ﬁ%m&‘éﬁ PeELRIRy %4@3/5{%2% %18]7(3%‘%‘%%%)2‘33&?%? 4161 129:913-42),
and yellow florésitent iproteiss (REVERTMMMOmMaEvrogen, see, Bolte et al. (2004)J. Cell Science
117:943-54). For additional selectable markers, see generally, Yarranton (1992) CWT. Opin. Biotech.

3:506-511; Christopherson et al. (1992)Proc. Natl. Acad. Set USA 89:6314-6318; Yao et at (1992) Cell
71:63-72; 10 RexAdehinode prietnVideabin o 69a 1oupg 2oidpsdrragestalof 1980y THE IdGperon, pp.

177-220; Hu e 8lL 48:555 BB Bp RN A IOBTNERY. 4P:603:642: Riggs et at (1988) Cell
52:713-722; Dgﬁﬁ%ﬁﬁ (&:198%1) 'P-fié)_c. }l)\latl. Acad. Aci. g@f& 86:5400(?,%404;1;:1%%; et al. (1989)

Proc. Nafl PAcalessh e RVaasmaecoss s pnstionmnt Bt Arplss ) Seniisebrossuscues! Bossen (1993)
Ph.D. Thesis, dnivesicaf tleidrikergidsaReirestbal of 1983)EMqmsMatls/AtadhubtieddBA

90:1917-1921; Labow etal. (1990) Mot Cell. Biol. 10:3343-3356; Zambrettj et al. (1992) Proc. Nall.
Acad. Sci. USREY! @‘S?fi g,ﬂ B4 f@%ﬁ;ﬁp ‘c.I Nt c%%g.{ngﬂ? A%’é%: 872" 76; Wyborski
et at (1991)Nueteithdcios Regthl TH64TA65RicHille hamdal/tssnsam (108Dl dpidsdvininSiruc. Riot

10:143-162; Dg&ﬁg@ég&%{% éﬁ?f]gﬁ%rglméc&g csg@%fg%f?gp%ﬂhow%&&gg?&%%?@dgolﬁeinschnidt et

at (1988) Biocheniistry -1104; Bonin (1 D. Thesis, University of Heidelberg; Gossen et
at (1992) Broc ciatlaiusaikrSut USR8 5pu7ls58ctOlvehes aic(d®@a®dantimicrob. Agents Chernother.
36:913-919; Hiavka etal. (1985) Handbook of -Experimental Pharmacology, Vol. 78 ( Springer-Verlag,

Berlin); Gill et at (1988)Nature 334:721-724. Such disclosures are herein incorporated by reference. 25
The above list SRS R RBIE APk BFGEM4TRIIE PRKET TS IRATSSY ke SSrectabRSharker gene can

be used in the prageh IIVERARIM algorithm. A preferred, nonlimiting example of a mathematical

algorithm utilized for the comparison of two sequences is the algorithm of Karlin and

20 Altschul (1990) Proc. Natl. Acad. Sci. USA 87:2264, modified as in Karlin and
Altschul (1993) Proc. Natl. Acad. Sci. US4 90:5873-5877. Such an algorithm is
incorporated into the NBLAST and XBLAST programs of Altschial er al. (1990} /.
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 BLLAST 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 et 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.ncbinlm.nih.gov. Another preferred, non-

limiting example of a mathematical algorithm utilized for the comparison of sequences
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Numerous plant transformation vectors and methods for transforming plants are 30available. See, for
example, An, G. et al. (1986) Plant Pysiol., 81301-305; Fry, J., et al. (1987) Plant Cell Rep. 6:321-325;
Symp. 2032 X0 A ains, tal (1961) Aust . Plant Physio. 18:451 154 ChGEp. p. anc
Slightom, J. L. (1992) WO 2010/079430PCT/1B2010/000154 Gene.118;255-260; Christou, etal.
(1992) TrendsisBhstelgnrisimial daorpasd Milan(A8e: GHRAGS 3y IBid /Tt o #PRHEmBi%: Dhir, etal.

(1992) Plant PRysigh:9:81:88 Casaseiabet 49932 Biac2 Mty AicRek Pait biSis QL1 2Ldc4d216;
Christou, P. (1993) In Vitro Cell. Dev. Bigl.-Plant; 29P: 19-1%4' Davies, ?tall‘é}llggf??" Plant Cell Rep.
|

12:180- 5 183 21RERY AR MEFBGhaMbsR. 115988 Bie AN ToEseighe § %nd Trieu,
T. N. (1993) Pland.sRhisiok, L2067 0Galnkirselind 18098 ki dnt SchBtdleS2, Gue @hin Sci. Bull.

38:2072-2078; Asano, etal. (1994) Plant Cell Rep. 13; Ayercs N. M and Park. W. D (1994) Cr!,. Rev.
Plant. Sc!: 13:?3@%@?%&%&0‘}5 Fal.%@%&fﬁ%lnﬁ %é%ég f‘é‘?%é‘é %%?@f a .I(fg%%%%glant. J.
5:299-307; Borkowska etal. (1994) 10Acta. Physiol Plant. 16:225-230; Christou, P. (1994) Agro. Food. -
Ind. Hi Tech. 5;,1,7- 27; Eapen . en.. 13:582-586" Har , 4)
BioTechnoIog?/UfE?Sﬁiglggﬁs sé{gcié% (Z‘ﬁe 1%%1{%%2%@%?}%&% %%%%égia@:%r\gl\%ﬁé]\tﬁgc and
Lemaux, P. G.vdgod)pifmdtmingdiot. fabdeszdscasases sy Grigrmd BHrg MHySe introducing a
polynucleotide ¢RNStEHCE FAMRYisHIg: 3R h seANRNEITIQ.B1N03Ge Rk Barintrozaging 75 intended
presenting to the plant the polynucleotide construct in such a manner that the onstrgﬁ gains access
to the intdfor gk H% ssinethe RrsiTanS BHrd 1AVERtiTh Bo RETFEpRH acﬁ?glf)%?ﬁ &r method for
introducing a polyeudeatids aenrsivias R, afasiaeifonysthat6thepdiinilichestiteaanstruct gains
access to the interior of one cell of the hofstBMgthodglfog intro<2:iﬁL%1<;,in&gi %@Ldg!gotig% gor structs into
bacteria, plant& A SHE LRFRELE APE RAOWH i tHE AL, BUPRot imited to. stable
transformation smefhess; papsienthtra fisfenyatiosenetivods) anstionisenedisted aigtvadl. 25By "stable
transformationy is.intended that the.nol ti I ' ' lant.integrates into the
genome of thet}%}s&gﬁ? |écéﬁar&%?§[ Befgbééri]#glﬁl%é%ﬁeg @%ﬁ%{g}r{\%%igr%%}@égt%g?g%ﬁﬁansformation"
is intendeld thascapoleidenéttindappempetthttobt eeddinertag osoasas gaeiatebPite into the genome
of the host. 309t AARSIOLAIPR. of PlaRts AR RiaRL eIl (10,04 seauansepcah the invention are

inserted using standard techniques into any vector known in tj}e art that is syitable o[ expression of
the DNA sequeHeBSaAMR ISP EEN S MGHRI HIPa LIRSS 2pHE L SRIEHHIIBRYARYS depends on the

preferred transformation technique and the target host species to be transformed.

S ot s
"Aw U

The DNA sequences of the invention can be provided in expression casscttes for

20 expression in any prokaryotic or cukaryotic cell and/or organism of interest including,
but not limited to, bacteria, fungi, algae, plants, and animals. The cassette will include
5'and 3' regulatory sequences operably linked to & DNA sequence of the invention.
“Operably linked” is intended to mean a functional linkage between two or more
elements. For cxample, an operable linkage between a polynucleotide or gene of

25  interest and a regulatory sequence (i.e., 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 region$ 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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WO 2010/079430PCT/1B2010/000154 Methodologies for constructing plant expression cassettes and
introducing foreign nucleic acids into plants are generally known in the art and have been previously
described. For examnple foreign DNA can be introduced into plants, using tumor- 5 inducing (Ti)
plasmid vect‘gg.z%%g?ﬁ?ethods utilized for foreign DNA delivery involve %1%%?&%?’ PEE mediated
protoplast transformation, electroporation, microinjection whiskers, and biolistics or microprojectile
bombardment for direct DNA uptake. Such methods are known in the art. (U.S. Pat. No. 5,405,765 to

Vasil etal.; Bilapgal,ah(499 1) Grne, 108 2 250k Schaid stal, (FA9RMoliGen. Genet, 228:
10104-112; Guerche etal., (1987) Plant Science 52: 111-116; Neuhause €t at, (1987) Theor. Appl

Genet. 75; 30-S@nicaiaehrnd fog v Renslwitietion irgien (eiwdl PEBIL o8NS cietike 0 1265,

Horicf:j etfal-, (ﬁtﬁ@ﬁ)v%;@@i}?ﬁ@%&a%@&%ﬁ&%%h&ﬁ%%%tﬁhﬁl é&%ﬁﬁ%&ﬁ%@%@xﬁ@!ogy 91 694-(709158)
Methods faor Plant Molecular. Biology .(Weissbach and Weissbach, eds.) Academic Press, Inc. (1
and Methodls il BRzIeE Rﬁ%‘l‘é‘&ﬁé‘?@’dﬁ?ﬁ} PO P& PHIE FRATAER P&H%%‘A‘@éadle}ﬂﬂfé Bi sgl,“?nc. (1989).

The method of i¢guisfarnmagionsdepe psnagan theplaptiael teghadsansigonednstabilitytohvectors used, |
expression Iev%l of.gene products é%%[lg%r?? rameters. lgl't e DNA squgnggs of the invention may be
plants

. . ELTNITAtion TCE10ns ) .an g gequence of the mventio
introduced into pli%fn S by conta ing Wt & VITUS OF Viral nucleic acids. Generally, such

methods involvesinstrpdeativgiatholariciibtide caristtbet. oftvenmiveitichavithi@yiragbhMNA or RNA
molecule. Itis recoaniaed Baldle mrERAhitRe Ry EOHORIIAYRE IRl YR Esizad@s part of a

viral polyprotein, which later may bg processed”by proteolysis in vivo or in vitro to produce the desired
recombindft prostisin. Avasa hgtadlrchesginiasaws miripidwiote iSeltRRCH W entaRearsd s compass

promoters utilizeg-forianrsariptendyswiatR A PRMeases: Methads eeiniraducngdghinucleotide

constructs into 1%%&5 and expressing a protein encoded therein, involving viral DNA or RNA
molecules, are B AR BOMBP RN UL PURINENY SchBY 1889 190, 5,866,785,
5,589,367 and h3heridh; Rereixuinplporaiadtbydeiatentekdd tnaspeaiio girabodiments, the DNA
sequences of the invention can be provided to.a plant using a variety of transjent transformation
methods. Suchpt(‘?I nglge% {(rigﬁ%?g%gﬁ’gﬁchﬁseﬁ%%%rsﬁgﬂaﬁ%gs eacfgbr%) nﬁr}a{ti%é%‘tgg?the introduction of the
protein orlariapntyamdeiradpentdetiiardofr dif éoily itcthe/platitonthedornduectiorbahattanscript WO

2010/070430P GTABROIOARSS EAFQHIBELAS RIOIFR MDA

, {)?ﬁ}% RUK] m%&@%ﬁ@ﬁ@%}ide’ for
example, microinjection or particle bombardment. See, for example, Crossway et at (1986) Mol Gen.

Genet. 202:179 195 aatYEPEIBeI¢ B dhrrasrably linked nojgnuedgsedet As ppodhyPibe Natl. Acad.
Sci. 91: 2176-2430 @ e ab Al kOB fleurRalef&RIIBriNee: QYo fior Siaailef which are

herein incorporated by reference. Alternatively, the
region that 1s heterclogous to the coding sequence,

20
The termination region may be native with the transcriptional initiation region, may be
native with the operably linked DINA sequence of interest, may be native with the host,
or may be derived from another source (i.c., foreign or heterologous) to the promoter,
the DNA sequence of interest, the plant host, or any combination thereof, Convenient

25  termination regions for use in plants are available from the Ti-plasmid of 4.
tumefuciens, such as the octopine synthase and nopaline synthase termination regions.
See also Guerineau et al. (1991) Mol. Gen. Genet. 262:141-144; Proudfoot (1991) Cel/
64:671-674; Sanfacon et al. (1991) Genes Dev. 5:141-149; Mogen ef 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 ef 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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polynucleotide can be transiently transformed into the plant using techniques known in the art. Such
technigues include Agrobacterium tumefaciens-mediated transient expression as described below.
10The cells ?Q n transfoithned may be grown into plants in acc ‘(zji > Wi ventional
ways. See, %ﬁéz@r\r/%% e,&f/lcCoonick et at (1986) Plant Cell Reports 5:81- %%%)ﬁe%gég{]s may then be
grown, and either pollinated with the same transformed strain or different strains, and the resulting

hybrid having ébM&lidiive Bipriessian ofithe adsiruesionondggsierelrarttofeteragntilkthorvo or more
generations 15may he:Biowmio.ansHEgHinatieny essiQrrithe dasiresRheRRtyRisGhaasigristic is

stably maintained and inherited and then seeds harvested to ensure expression of the desired
phenotypic ch&&Eteriiife RASBER CathrebatftiiNPis makAer; a9 pr bR BY Rittes
transformed sqedi@sasriewedi®as I ransgeiheesdioatngad pohuiteicatide construct of the
invention, 1g}c:r example, an expression cassette of the 20invention, stably incorporated into their
genome. The present invention may be used for transfon'anon of any plant species, including, but not
limited to, monaddiscambscivetse Rladiscefipar ictikacimerestlimstugenbutmresiast initetitiar and grain

plants that proyide oA At e sy pllsred RANR.LeaningLs GRnlenss, Ad Argpidopeis thallana
ke

Seeds of interest include grain seeds, such as corn, wheat, y, rice, sor rye, etc. Oil-seed
plants include &gek, seybadnnsatiteer ssafioWersPxessite, rarspte, aafathepaleh vedbonut, etc.

Leguminous planiadneludesbeansanshpeas HBaaRrlvdegHataeusbbesn., Erugsark: Soybean,

garden beans, cowpea, mungbean, lima bean, fava bean, lentils, chickpea, etc. 30 As used herein, the
term plartUncl Q4L SEMEREIR A Brelirsichlede shaneesh e erbesrdioriiich plants can be
regenerated, plariutabi plasiceitans kaoe pantcelstialdareiataeitifeplantE D astsl@ftpéants such as

O e e B o2 L PR R ror, v e e
also included within the scope of the invention, provided that these parts comprise the introduced
polynucleotidesy, The PresanLIOVERIAN DRI ERE MRASRSS NG NUREUGtien o e RINA sequences of
15  sequences can act to enhance translation. Translation leaders are known in the art and
include; picornavirus leaders, for example, EMCV leader (Encephalomyocarditis 5'
noncoding region) (Elroy-Stein et al. (1989) Proc. Natl. Acad. Sci. US4 |
§6:6126-6130); potyvirus leaders, for example, TEV leader (Tobacco Etch Virus)
(Gallie et al. (1995) Gene 165(2).233-238), MDMYV lcader (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 ef al. (1989) in Molecular
Biology of RNA, ed. Cech (Liss, New York), pp. 237-256); and maize chlorotic mottle
25  virus leader (MCMV) (Lommel et al. (1991) Virology 81:382-385). See also,
Della-Cioppa ef al. (1987) Plant Physiol. 84:965-968,

In preparing the expression cassette, the various DNA fragménts 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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5the inventfon into non-plant host cells, including, but not limited to, bacterial cells, yeast cells other
fungal cells, human cells, and other animal cells. In addition, the invention encompasses the
introduction_‘c)%}c tgg DI\_!}A:msequences into animals and other organisms by baoth stable and transient
transformation hethods: 10As discussed herein, a DNA sequence of the %‘EEQ@H?%P{%%%n can be
expressed in these eukaryotic systems. Synthesis of heterologous polynucleotides in yeast is well
known (Sherman et al. (1982) Methods in Yeast Genetics, Cold Spring Harbor Laboratory). Two widely

utilized yeasts ﬁ%ﬁ&ﬁ%%ﬁﬁfb&fo%ﬂé(@&ﬂ%%%&?‘iﬁiﬁﬁzg@ﬁ@&%‘ﬁ{@ﬁ%’&%’%&eﬁ%‘@%%%&qs%i&hia pastoris.

Vectors, strains, and protocols for 15 expression in Saccharomyces and Pichia are known In the art

and available fRSelSHRfTasshrBibphessoeerealine fendeSiplaaiearaetorba iy Atige expression

control sequengashSUsRRRRrRMPLSHSHINE I NGR-PRISPEOIY saIaterkinaes a5 alcpholigxidase, and
an origin of replicTion, termination sequences and xh@ like as desired. 20The sequences of the

present inventiBhPEHS a BB BETHH ORI AMOIE SRSt TEErslS f8F 688 A tisrRting cell cultures
of mammalian proinsect OdginezIligteteVoel-coltarexusehkier dbgnpndBetonR:Qf tiEpeptides are

mammalian celjs, umb itable host cell lines capab ressjng ipt roteins have been
developed in o A I e s £ e i e Rt e or
these 25cells cand inbhidnesxprogsid 20 Hthol:sdqlidlice d 8 ATChGES Japtdvbinlefreplit 4tigf )a promoter

(e.g. the CMV pipmoter, addny EﬁBg%’?%@g&;}{ﬂéﬁg&@@ﬁs&@%‘bﬁ%ﬁﬁa&ﬂﬁﬂaﬁ%}ﬁ%ﬁ} an enhancer

(Queen et al. (1986) Immunol. Rev. 89:49), and necessary processing information sites, such as
ribosomeBindifid-3PEAmRIRIA St atsreNopoREtibt etk ixstilke eQfhearoasyitetiee geomagrpoly A

addition site), apdRRiranscHRienal eimiRatalRe¥eraas; Obueranimabsals usehd for production of
proteins of the present invention are available, for instance, from the American Type Culture

Collection. W -’%@6%?5@%815@%?8%1%%&!%élﬁb%ﬁﬁéty\f&étors for expressing proteins of the

present invention in insect cells are usually derived from the SF9 baculovirus. Suitable insect cell lines

include mosqui{%g]%gyae silg orm, arrmyworm., mot (a)m(d Dros phiIe gellﬂljisrlesn_su:f‘ .as & Schneider cell
line (See, Schrieider Ff@fg?) Pg)%lgyo?.ég(p. M‘torp?]of. Fres st %5 Rt ygégt‘, when higher
animal orlglantpagstudeilsost & ssmep|Byadtipobatdaytatipnrositnadfscrigtimptetninatodséyuerces are
typically incorp’%ﬂﬁﬁiﬂ.gﬁQth,@aY—%?é?gﬂéppromoters, root-preferred promoters, seed-preferred
promoters, and stem-preferred promoters. Tissue-preferred promoters include
Yamamoto et al. (1997) Plant J. 12(2):255-265; Kawamata et al. (1997) Plant Cell
Physiol. 38(7):792-803; Hansen et al. (1997) Mol. Gen Genet. 254(3):337-343; Russell
20 etal (1997) Transgenic Res. 6(2):157-168; Rinehart e al. (1996) Plant Physiol.
112(3):1331-1341; Van Camp et al. (1996) Plant Physiol. 112(2):525-535;Canevascini
et al. (1996) Plant Physiol. 112(2).513-524; Yamamoto et al, {(1994) Plant Ceil
Physiol. 35(5):773-778; Lam (1994) Results Probi. Cell Differ. 20:181-196; Orozco et
al. (1993) Plant Mol Biol. 23(6):1129-1138; Matsuoka ef al. (1993) Proc Natl. Acad.
25 Sci. USA 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, e.g., PR proteins, SAR proteins, beta-1,3-glucanase, chitinase, etc. See, for
example, Redolfl ef al. (1983) Neth. J. Plant Pathol. 89:245-254; Uknes et af. (1992)
Plant Cell 4:645-656; and Van Loon (1985) Plant Mol, Virol. 4:111-116. See also WO
199/43819, herein incorporated by reference.
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example of a terminator sequence is the polyadenylation sequence from the bovine growth hoinione
gene. Sequences for accurate splicing of the transcript may also be 10included. An example of a

splicing seqwﬁﬁ(%?t&%&VP 1 intron from SV40 (Sprague et al. (1983)1. ygﬁiﬁ@l&g&ggl)
Additionally, gene sequences to control replication in the host cell may be incorporated into the vector

such as those found in bovine papilloma virus type-vectors (Saveria-Campo (1985) DNA Cloning Vol.
Il a Practical Approach, D. M. Glover, Ed., LRL Press, Arlington, Va., pp. 213-238). 15 Animal and

lower eukaryotig (ﬁ@'@sy@@%}dﬂﬁlﬁf:ﬁﬁhfﬁaaﬁ@ @@m@@ﬁer{@@[ig;em%ﬁ%dmm@tsﬂpéafog@ﬂsfection by
various means. There are several well-known met f introducing DNA.. i ni cells, These
include: calciufﬂgﬁﬁﬁ%t%et% ﬁﬁ%ﬁ%%ﬁ?ﬂgﬁ?ﬁ 8’?‘?ﬁgi%%&hféﬁﬁsgf’f\é)@%égcﬁﬁa gﬁi‘ sts
containing the &NA18RAtMeR-0l2 @ ihe-rétinienlcels it BPSeidésSoantanhiagdihél BINA, DEAE :
dextrin, electroporat] iolistics, igra-injection of the D iKgetly intag-the cells, The transfccted
cells are 'c%ltu?gg %ﬁ%}égﬁg ‘\?\/ékcﬁlkzr?g%tﬁﬁﬁ'?%%% ﬁgﬁ% %?%6;9\!’?) %%&%‘?ﬁ%ﬁ%e@ﬁggé in Cell Culture
and Virology, IZtS\li/éPénQWYMM%’ROQ@Mq‘lﬁydzﬁf_ﬁ-rék%%téé%éﬂ?r@qL@W#Sar@hépresented by
various Stra'nse%ﬁﬁ@%) howeveloiebEpicrabial stalnp aypalsoNe userlindhe/gmethod of the

invention. Commonly used prokaryotic control sequences which are defined herein to include

promoters for HhR3MAEARiINTHEMS¥ BphbNEN it AR dPEraltdr SEbFIE With ih3-OM&EBinding

lsequentz;es,)in@wq :9@¢m@amns?§ﬁfeusg@.r2{,cgm57g§(§§ﬂm%ﬁ§%?@§ﬁahﬁa (mméiil]tume) )30and
actose (lac promoter systems -Nang et al. s ature . , etrypto an trp promoter
system (GdeddbrdiiereiioSHPRICHE RISHS Rule %%%%Warﬂ%efa?ﬁ{ﬁ %%@ﬁ%ggﬁs@ Bmoter and

N-gene ribosomobéngdingssite (Shitnatdke etcapa(HQEh) ANatunen28a:i28)mE ie:tnalusicimefeselection
markers in DNA vectors tra ted in li. is al eful., Exapples of such markers include genes
specifying W(@ %%67(5%@ﬁ%&’éﬁi%gﬁgﬁ%ﬂé@tézi:leg%?ga picillin, tetracycline, or

chloramphenicol. The vector is selected to allow introduction into the appropriate host cell. Bacterial

vectors are tynigally; of Rlasmidor BRAAR U9 ARRIRIRIG RHETIALARIR AL infestsd pwith phage

vector particles or transfected with naked phage vector DNA. If a plasmid vectoris used, the bacterial

cells are ianstlens ghvpeshiies srplieativcetan DIACTOD RbsEN ST SHINAT fRY PRpAEBIRg R PPotein of the

present invemi&ﬂe@fﬁf&-\fﬁ@? (%H&iﬂﬁa@%@ﬁ%&ﬁiﬁﬂ%&@%@%&%ﬁ'%&& ahpli883) Geme

22:229-235); Mosbach et al. (1983) Nature 302:543-5.45?. 10
chemical induces gene expression, or a chemica

-repressible promoter, where
application of the chemical represses gene expression. Chemical-inducible promoters
are known in the art and include, but are not limited to, the maize In2-2 promoter,

20 which is activated by benzenesulfonamide herbicide safeners, the maize GST promoter,
which is activated by hydrophobic electrophilic compounds that arc used as pre-
emergent herbicides, and the tobacco PR-1a promoter, which is activated by salicylic
acid. Other chemical-regulated promoters of interest include steroid-responsive
promoters (see, for example, the glucocorticoid-inducible promoter in Schena ef 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 er 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 I (NEQ) and hygromycin phosphotransferase

(HPT), as well as genes conferring resistance to herbicidal compounds, such as glufosinate
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With respect to fusion proteins, "operably linked" is intended to mean a functional linkage between two
or more elements or domains. If it recognized that a linker of one or more amino acids may be inserted

in between g@fgge%/bt}& wo or more elements 'go malnf[aln the o!eswed fur,'lgé'?fﬂg%lt@@o{v /g, or more
~ elements. 15 [n"'one embodiment of the invention, fusion proteins comprise a repeat domain of the

invention operably linked to at least one protein or part or domain thereof. In certain embodiments of
the invention, BRETSHET BPHaFBY-dBHMAFAIRESo Kb RSBLO R PheteYASF IR ELGMA part or domain

thereof, that is canabiaiatmasii¥inaANARNBN A RBRherRANRdIMe BisaREMsIagr ddactional part
or domain thereof is capable of functioning as a transcriptio,n%l acs\é%ltor or aiéé]%s%scriptional repressor.
t

Preferred protéiHSHeIALRIOIIRSICASE AR e Ses B RBH GEIV A S 4 ription repressors, a
resistance-mediatinrgpIteinsg A5 ea9en dbpoisondrased) IjaseS:ihtegrases), recmmbinases,

resolvases, methylases, acct meth d acetylase

2010/079430 iﬁﬁé@ﬁ%@gﬁ?’ &e?ﬁee%ﬁmé?é}xﬁggﬁﬁg gﬁﬁ%é— ya{“}\llda§{ gPilfﬁg{'ration and
not by way of [(Rtieti¥nnSEAMPLES Example delldertification obthie BasiS IO DINA Specificity of
TAL Effectors The fact that-AvrBs3 dirgctly bi e UPA:bQx.a.pro =) nt.in induced target
10 genes (Kay Ao o007 S nd TR e e o T T B
prompted us tovienkesstiget@rsaasiafompN A KB Gerc Espre Giicish Badh-Fd pektsgidhegenerally

consists of 34 gming apidpANd NG TRRAALLINS AL6. ARANA HERUCA); Bpg@yf)rc@m@%@.@@gs 12 and 13
are hypervariable (Schomack etal. 52006)1. Plant Physiol. 163:256-272; Fig. 1A). The most C-terminal

repeat of WvrBBIZEHERHS K4 P ia iR S Stter Repear eiits RN 4if-R 0 aRino acids and
is therefore referreghto @s Half (epeatcdinssrenestdmiswab; be glessiiied itewifferemdepaat types

based on their hypervariable 12th and 13th amino c'%; (Fig. 1B). Becagu e_tk} 1Z€ %& he UPAbox (18
(P0)119 (21) b WSL Elrseepar e B THENE AL UPVLEaE L (L7t Aars Sl sonsidered the
possibility that Btd:repegatanit QRN Bs3. cantadiadie. 205 Eciiid DNSA3hbBsespddir ¥hen the repeat
types of AvrBsﬁ ipa acid, 1.2 and %3"3 f cach.r re rojected onto Ug’ﬁ@tr)qx, it becomes
evident that ce élang):ggg’éﬁ%éééﬁ%déﬁre ate S\i?/elfhra%pegi%g']gasgegéir@tt}lﬁf ?ﬁggﬁ’rge@tl K Poi eAample, HD
and NI repeat Reitshetvé &l Shontypre¥etedceforCLARIOM, 1 FSpEtivéisbiRigs 4BY1 ¥h iwiplicity, we
designate only H3sgs, 1 #1eURRALLSONSRIINA 3 aeh:) BHI Medel Rl AN acognieaspecificity is
supported by the fact that the AvrBs3 repeat deletion derivative AvrBs3Arep16 which lacks four repeat
units (A11-14; E§0:8imyt al. (1991) Proc. Nail. Acad. Sci. USA 88:3072-3076; Wyborski et al.
(1991) Nucleic Acids Res. 19:4647-4653; Hillenand-Wissman (1989) Topics Mol. Struc.
Biol. 10:143-162; Degenkolb ef al. (1991) Antimicrob. Agents Chemother. 35:1591-1595;
20 Kleinschnidt ef al. (1988) Biochemistry 27:1094-1104; Bonin (1993) Ph.D. Thesis,
University of Heidelberg; Gossen ef al. (1992) Proc. Natl. Acad. Sci. US4 89:5547-5551;
Oliva et al. (1992) Antimicrob. Agents Chemother. 36:913-919; Hlavka et al. (1985)
Handbook of Experimenral Pharmacology, Vol. 78 ( Springer-Verlag, Berlin); Gill ef 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 transfornung plants are

30 available. See, for example, An, G. et al. (1986) Plant Pysiol., 81:301-305; Fry, I, et
al. (1987) Plant Cell Rep. 6:321-325; Block, M. (1988) Theor. Appl Genet.76:767-774,
Hinchee, ef al. (1990) Stadier. Genet. Symp.203212.203-212; Cousins, etal, (1991)
Aust. J Plant Physiol. 18:481-494; Chee, P. P. and Slightom, J. L. (1992)
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r'ecoériiie.s a shorter andg, 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 30repeat unjts,.i VERS 3! addition,a T
is conserved gtzt%%_qgﬁésr?d of the UPA box immediately preceding the pr&cﬁ?@d@ecogn?ﬁ%n specificity

of the first repeat (Fig. 1). Intriguingly, secondary structure predictions of the protein region preceding

the first repeatGaia th&:3apRa0 rédioviosh sinkinhdtniEsrde dpneeiat PEHinttactiidhience

conservation. This slgaests atadaitionabsepeahiginied;repsat GIHEPERI WEX1-88;
2010/079430PCT/11320101000154 To further substantiate and extend our model élég 1B), we

predicted the JetBh@bwWh BN s d5ad feed of Xanthorfidrnasor khristtefors B8’ on the
sequence of theirsepgabuniBi-anelingrecedahe pomaisrea of knovsn At Bsgdegerssand their

alleles for the presence of putatj inding sit e jdentified.s nces maiching, the predicted

specificity%n p?§31(§8?§’§f gléfé@@?i‘?éﬂ‘&%u@g%éggﬁgﬁ%g %o??r%?ég%%%%fﬁ%iﬁ?g ¢ effector, but

not in non-ind ke Allete$1(Eig) BiGHE)Phebidgelich Gblbdse. kored SIigyEstsithat Betinduced genes

are direct targets of the,correspopdi L C . Bas regu for different
%8 ol e L RN IR FALBAECIRBAYRC LIS RIVEBRRE T eSLRNGY

repeat types in arge% DNA sequences using eight TAL effectors we deduced a code for the

DNA target specilibitpdbP adstiinDe pOthpus fely Pl Beimik:B) 9£3 Biratrite staly(V&fdhte our model
we predicted targpt PNAgeqences orihe t{]ﬁbzﬁff%&ﬁfﬁz Klax3. (2% BreReaianiis). Hawa)(11.5 repeat

units), and Hax4 (14.5 repeat 15un|ts% from the Brassicaceae-pathogen X camﬁestris_ V. armoraciae
(22). First Qe AevBI i LBl I Boxes fol iEseva Ad LA 4seeaficed ey &4 ﬁgji’\'/éty[i)gbntain
repeat-types presembdn AWBIS4awaac 2251383 BE2 HB NarthS:, kigl 1A0¥4g52A) for which DNA

binding and gepe actjvation have been show imentally. The ¢ lax4 target,boxcs were
placed in front cﬁcﬁﬁ’é’yﬁfﬁﬁl a!?fgg%goe@?% {%l‘#aig& gei)éllpz%grén%te%?Q?%’é%i?%%\gfeﬁﬁvﬁ%%egasal activity
(Schomack et &l. 420D&nadel, IPlantd ditr e d Miaract. 08:374%-1225; Fig. 2B; Fig. 9), driving a
promoterless uidA 03- glucuronidase, GUS) reporter gene. For transient expression studies, we

transfected the reporter constructs together with cauliflower mosaic virus 35S-promoter driven effector
genes hak3 arnthhaathivde afibetianc bemiarhia nirshves adnlymglotadasauindsmediated T-DNA

delivery. Qualitatiye.and ?Wﬂ%‘é@p@&ﬁ&é%ﬁc@ﬁ”ﬁﬁ@%ﬁ%‘&ﬂﬁ@g@’HEQHMQ&& gRAtAIRIRY the Hax3-

or Hax4-box were strongly and specifically induced in the presence of the corresponding effector (Fig.
2C) Likewise, Wé}&ddPéééi@d’ﬂ%‘%ﬁ@?%ﬁ@%ﬂﬁérﬁ%%ﬁH@Bﬂﬁeﬂ(q{)th’? fRBasHrEdietEY target DNA
sequence of Hax3amns:genrtatred fony giffierant Haxadamasonits Ritberid, .ot aededt ther5' end (Fig.
10A, B). [ fh h in N. hanzj
30104, B) Cogﬁfgﬁgé%]e%od%;g igtr}géuc?nrgeg 855%1(1:0 Q‘%r ecégr{gltmctggtr(])ta ggtl %Qﬁl, only that
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 inciuding, but not limited to, stabie 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 “fransient 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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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 fo promafer.activation specificity of Hax3 and likely other TAl,gifegloigod@saddress the
possibility that some repeat types confer WO 2010/079430PCT/1B2010/000154 broader specificity,

i.e., recognize more than one base, we peiinutated the Hax4-box (Fig. 3A, B). Transient GUS assays
showed that NI-, 1-ID-, and NC-repeat units in Flax4 strongly favour recognition of the bases A, C, and
T, respectivelywahedersibiSor epaakitiilg praagrizessbiaushasesnFigrdBichig fdrdinAs several TAL
effectors 5contain NN-repeat upits (Fig. 5 ang Fig. 15, Table 1), enerated ArOC1, an artificial TAL
effector with I\W-%]@l‘fé’ﬁfd(?ﬁﬁgoé’ W@%&%E%W%%%h%o%ﬁld%}%aﬁlréﬁlrﬁe%oegﬁrﬁ i r%‘élaﬁsgﬁce using our code
(Fig. 3C). AnalysisibtArbét dxampleritatimsitémonshkabadothat ditogpess, it rscognize both A and
G, with preference for G.(Fig. 3C). This resul i Hrz%agi F&Q' g}g‘@ggﬁ vrXa27-box in
rice Whichgconi%fgﬁgl%%ﬁels R%gﬁ%«)%ﬁcg%' a?%lt%glgn‘%tr}%q?o%elspon_ ing té)gllilN-repeat units (Fig. 5C) In
addition, we dérivdettivoysosSiBRCAveiald-bwier asiticaiteemation.GlegEPsitasRs-corresponding to
NN-repeat unitg;in Avrxal0s Beth e Rt L Ransichipre;induceshafficierty By dreXBlQAFig. 12).

Together, these data strongly suggest that some repeat types recognize specific_base pairs whereas
ok

others are morRkRitSechrmhpdsarsdimsiar rAbcefe bR id MaNe- Bt it 8AtHiR<*85 amino acids
per repeat instgashefihge. tipiEsl 34.aminoacid g pRatidniis(Kay ehal/d2 0R) iak:P zrg-Microbe

Interact. 18:838-848). In addition, ontains.a rare gmj cid combination, in jts,second repeat
(amino adflis 131 GIEFé‘g?Agf ﬂﬁ?ﬁ@ﬁ%%ﬁ@@ﬁﬁ@%%ﬁfﬁ%gﬁﬁ :Rqa %b%s?é"rlffh?g)Haxz-box and
analyzed repomeegengpaClivati o \8itks th & kife etof HARR Ty sngth 8 2Tafi8idht Hesayl. cThis showed that

an IC repeat c ecifigity for. T (Fig. 13), Th - l 1o,pfo ctjvation by
Hax2, but not g@&@x@%’r’ 2%2%&;3%?5 %h%gﬁéﬁ}gﬁg%gg Ctagty%'g%%n?in%%éi?%%%%t%nits function
like 34 amino agid-epat/amillFhib i Nppttda btk fdbtidati dpRLrétediele A rHahl 25which

contains 35 amipg: agid repgay Lnit dpdlice s BaRame plaledine sistRRs S FRAmACk, @l (2008) New
Phytol. 179:546-556). The repeat types of AvrHahl match to the,
15 Molecular Biology (Schuler and Zielinski, eds.) Academic Press, Inc. (1989). The
method of transformation depends upon the plant cell to be transformed, stability of

vectors used, expression level of gene products and other parameters.

The DNA sequences of the invention may be introduced into plants by contacting

20  plants with a virus or viral nucleic acids. Generally, such methods involve
incorporating a polynucleotide construct of the invention within a viral DNA or RNA
molecule. It is recognized that the a protein of the invention may be initially
synthesized as part of a viral polyprotein, which later may be processed by proteolysis
in vivo or in vitro to produce the desired recombinant 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 mélecuies, 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 & 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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UPA -box in the Bs3 promoter (Fig. 5A, B). Interestingly, the expression of hax2 in Arabidopsis
thaliana“leads to purple coloured 30leaves, indicating an accumulation of anthocyanin (Fig. 14A, B).
To identify Hax2 target genes we analyzed-promoter regions of the A. thaliana genomc using pattern
search (Patr}yé{gﬁ,iﬂlgﬂ? Ywww.arabidopsis.org) with degenerated Hax2-btx* B 40one of the
putative Hax2 target genes encodes the IVEYB transcription factor PAP1 (Atl 056650) which controls
anthocyanin biessatingdis (Boreviietis p(200 Gulantthadd R0LOLH TO4ASOREGIE/ IBREAI6j 08154 Cell

12:2383-2394), Serniquantifalive, analysis af the HAP é}é@%ﬁ@éﬁ;@%@@@ Gatedhat expression of

PAPI is strongly induced by Hax2 (Fig. 14C). Visual inspectio romoter region revealed

the presence of & SUBOSHRTIPIERZ! BoX (R36) Hmr! BY!. B4sBt b seleoelerforl ¥4 Bffector repeat types
(Fig. ID) and theadatasescrired oy s @iadiated piatve 1HrostRNA segepsss for additional

TAL effectors some _of which are important virulence factors Fi}% 15, Table 1). Because the repeat
F

number in TAL &S TatyeE Work 8 heros Bearpegtbedshiesmetlsrutastrdith few repeat
units can activatg geciedxXpressienrahbierefptenveriQesied ke mimbenefuaneatuis influences

target gene ex%{ggsiog. &qrétgis, we copsf%trgftedbartificial teffe tors cont -nir:g? the N- and C-terminal
regions of Hax3 aAd a Tepeat gomain with 0-58 118 % " é"ﬁzaéf%ﬁi@ BESHERFSF C). For technical
reasons, the firstrepeat s ddboalsasbaias/NI (specificity for A). The corresponding target DNA box
consists of 17 C-residues preceded by TA (Fig. 4A, B). Promoter activation 15by the artificial effectors

was measured using the transient Bs4-promoter GUS-assay in  benthamiana. While at least 6.5
repeat units werkerigBgdutibrgdrenhsastioned onsorasoretépeat umitleecaadstrenyiteporter gene

activation (Fig.4tJentiasedaia dempnsiateibalRdninimel.pimist&f sapseiunisissequired to

recognize the artificial target DNA-box and activate gene expression. The results also suggest that
effectors 20with fewér repsaPHan BEns thra hsr geyymaedi sEherolindedisiita st repeat region of

TAL effectors hasdseguential siadifferthaieane spoadsiouiisgnsecive iarashdNAwequence. Hence,
it should be feasible to geperate effectors with novel DNA-hinding specificities. Three artificial effectors
RS Sty GAeA RN &aiiied

were generated TARX T RHRS “RHKST (SERRRATRIFEHABIT & 1% 8T BB Y. 3C, D),
and testetl5for mdwbri@mmm?ﬂsﬁ?@mm@rese?p@miénﬁusmm&gmaﬁnyp%ptﬁ%i@ﬁﬁﬁhé’ﬂrget |
DNA-sequenc three artificial eff rs_strongly and specifically induced the reporter only in
presence of th%%:p reﬁgg%%ﬁéﬂgdtgé%%%%«%%g @%@égﬁﬁg&fi‘%?“o%‘?%%%"é?r%?’?é*c%%ﬁion specificity
of TAL effectordeif¢dhibrnehieirepesmogiistohtadesoaehizase. paithis thenBAbgiarasaimo acids 12 and 13

of each repeat;gnahles frRedichRGRINAIRGSRASHIRIRR to as “transgenic seed”) having a

polynucleotide construct of the invention, for cxampie, 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,
saffio__wer, 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 mtact 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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30TAL 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 %ause/d bX xanthomonads. In addition, we successfully desigeed artificial effectors that
WO 2010079830 . " L . : TABIIOG00ISL
act as transcription factors with specific DNA-binding domains. Previously, zinCfinger transcription

factors containing a WO 2010/079430PCT/1B2010/000154 tandem arrangement of zinc finger units
have been engmigariscpchisireaireeitit narieap RsoJeeuded BathSiitaxty T Al therfaresiphave a linear

DNA-binding spegificiiihahcaneasiyheRreairangad.di hag ot gsgaRred our notice that the

postulated right-handed superhelical structure of the repeat regions in TAL effectors immediately
suggests a possible mechanism for interaction with the right-handed helix of the genetic material. It will

be important torietgissineithensith clepEibenmnvelRNAnsHiagd emaimi L Abqeéfeetass complexed
with target DNA. 10 The followin ragraphs describe further embodiments of the invention: 1)

 rediction bt DNABIFEY SHEREL SR AP JUATHnG ROPBLE RO RGBT SF0lbins and

generation of resistantiptants fllfihesiiepeatamitdisf dhtabpeatidaiaiis olmaddigdly, decurring effectors

of the AvrBs3- .familt)Lencode a corr&%qg{mgciﬂg %#&R#Qﬁﬁ%%@e%ﬂ%g%'it%@gﬁ? r%gi%;:gé;(p(i)tég& sequences
e artificial insé icted recognition.

. IVENBON CHCOINDASSES
can be predlctelgl With the rec gnition code. ﬁl r ion of the pre

sequences in frogusasdori®ih tkkinegehicaplaensiteedertostinprastios of the gene if the corresponding
AvrBs3-like 20effector 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

(resistancd-metiadisier trsA ST Gitne Pht SUEAE S ShURBE I AMETEAR bt e TEddtant against an
infection of plapiRathegsricchasiena which-tigoslecaisidbans9uRaReRiNGSHe Rt is well

known (Sherman er a/. (1982} Methods in Yeast Genetics, Cold Spring Harbor
Laboratory). Two widely utilized yeasts for production of eukaryotic proteins are
Saccharomyces cerevisiae and Pichia pastoris. Vectors, strains, and protocols for

15 expression in Saccharomyces and Pichia are known in the art and available from
commercial suppliers (e.g., Invitrogen). Suitable vectors usually have expression
control sequences, such as promoters, including 3-phosphoglycerate kinase or alcohol

oxidase, and an origin of replication, termination sequences and the like as desired.

20 The sequences of the present invention can also be ligated to various expression vectors
for use in transfecting cell cultures of mammalian or insect origin. Itlustrative cell
cuitures useful for the production of the peptides are mammalian cells. A number of
suitable host cell lines capabie of expressing intact protemns 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 ef af. (1986) Immunol, Rev, §9:49), 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.

- 61 -



252) 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_pro region of plant genes is an indication for the induci SRS i @of these genes
by the effe(?t‘gé ﬁé(ﬁ%%tﬁégmethod according to the invention 30it is possible to predict |n4ducible plant
genes. Predictions are particularly straightforward in sequenced genomes. WO

2010/079430 PEMHIPBRAE O/FOUT 5o SRPIISESI TP e et REca RS BHP SIS RAAEDIESIN expression

systems AnalogQusadhe-usrpf tiaxBoand fibaids Reinmdisied: NAkipdion seaeenaes of other

members of the AvrBs3-family can be inserted into promoters to generate new cogirolla le promoters
which can be it d B B BB R AR f3ros A Gekk HERO ARG A ee el SHbucible system’

Two constructsiasedadr sdhsedentmprant ket ahandgphns. whese-gapression is under control of an
inducible %romc')ter. Secondly, a target gene that contains the Hax3-box in the promoter. Induction of
the expression of hax3 leads to production of the Hax3 protein that then induces the expression of the
target gene. This deticyibed then 1i@comporbot penshesttiolislsadsnpathafoivkdspretsibar switch

which allows &.ya{labia SHAIGSHIN OLINe 2146 AN T e s iAol A gpraet gene can also

be present first in rent plant lines | trogressed at will. Analogous to this, Hax4 and the
corresponding Flaxalp ek cEmbeaiisedaanis 4y S1e ppbancasstion srBdvriFothticheers of the

AvrBs3-family %Fo%ﬁ%h@ﬁ%@ﬁ%(%@%d&%ﬁ@@hﬁ%épiﬁ!ﬁ%@@%@é&%@ﬁﬁﬁ@?%@éﬁﬁiOnality of the .
system could already be verified. Transgenic Arabidopsis thaliana plants were constructed, which

contain ahlindieaessy A2 gaRk abasali e sus s hn dEr BB o NARVEmpsHToter, whose
expression can:he1veiycediay. AvBES7TheAadumienRiexpregstancotavshiied eplsamexpression of
Bs3 and therefgre totcel death. See, WQt %009/91142759 herein incor r%gd lBX reference. 205)
Construction o gﬂ?scff %Hréaﬁ Aﬂ%%’é)tr dsgqﬁneﬂceeg SR ABES Simnareeélior 18 inserted in front of a
gene whose exprebsioneasyto-scdeferifevaractiomiradidtan N &iliating \ye nB )adirtve glant,
correspondingl ugted,tr o] ts will istagt, againshintggtion of plant pathogenic
organisms, whéﬁp%nggé% %lgl é%%?ggg\géﬁﬁfeﬂg%b %{?és%’tgrfé’g?h%%%a%gr?g%gene can for example
lead to a Idcal cell death which prevents spreading of the organisms/pathogens, or induce the basal or

systemic resistange phiag lentasly &) Geperation RiteraatAcmainsdarihe drtegtion of a specific

DNA sequence and induction of transcription of following genes
competent for transfection by various means. There are several well-known methods of

introducing DNA into animal cells. These include: calcium phosphate precipitation,

fusion of the recipient cells with bacterial protoplasts containing the DNA, treatment of
20  the recipient cells with liposomes containing the DNA, DEAE dextrin, electroporation,

biolistics, and micro-injection of the DNA directly into the cells. The transfected cells |

are cultured by means well known in the art (Kuchier (1997) Biochemical Methods in

Cell Culture and Virology, Dowden, Hutchinson and Ross, Inc.).

25  Prokaryotes most frequently are represented by various strains of E. 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 ef
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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30The 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 speg‘;%ciu?@ ggﬁeeither be artificially inserted in WO 2010/07943QP£E1 1320401000154 front
of target genes 'so Plat novel effector-DNA-box variants are generated for the inducible expression of

target genes. Moreover, repeat domains can be constructed that recognize a naturally occurring DNA
sequence in oFgUHEAFRIOTRPKINEN TS WG s A SBIBHER S HE . the expression of any gene in

non-transgenic organisms can be induced 5if a corresponding effector of the invention is present in the -
cells of this organism. Introduction of the effector.can be done in different W??’?ab transfer via

bacteria with alBfot&HPEITElER SRR ATY B O SO i AP R loph Bl S ¢

) mbardment with an
artificial AvrBs3epiateirt; typictBysépafenidfoa hik-ssgmenpthairecdadepebciittion ofetedeffector, via
10introgression,. Agtobacterium, viral vectors.or, cell- omag rdq?ent' tor DI OterLmethods that result
in uptake c§)f th‘é‘ﬁé%f%% 'FB{F% @i %%%%%ﬁ%ﬁ%%ﬁﬁﬁ&%m%prea gﬁ é_gfnaﬁ of ef%ctors of the -
AvrBs3-family is@on@mwsgphaloftegaidindingrd ormsieqihy eh drs PRoTd TedadédN/btion of the specificity

of the single rqpegt AW B agNBlIave e Fy gRies Ao At ERbAindingLapegicity of this

region. The DNA'binding region can be translationally fused to other functional domains to generate
sequence-spe&fidibapsn8Siemonslic Sarpied JE8Eh (et Tadiohs MPEEN ¢ 4l 7) Construction
of transcriptionabggjixaiors 0t Hig isyycible expression of genes 20in cells of living organisms The
effectors of the AvrBs3-like family induce the expression of genes in plant cells. For this, the
C-telmindd of the protein is essential, which contains a transcriptional activation domain and nuclear
localization sequiginegpditab mediatedizaminppctafi iHenlbsdtainmintoditiplacstmubleusokiie C-terminus of

o PR AR AR MRl S abAHED HNNATERRIDR PRLCssion of
or more amino acids may be inserted in between each of the two or more elements to
maintain the desired function of the two or more elements.

15
In one embodiment of the invention, fusion proteins comprise a repeat domain of the
invention operably linked to at least one protein or part or domain thereof. In certain
embodiments of the invention, the protein or part or domain thereof comprises a protein
or functional part or domain thercof, that is capable of modifying DNA or RNA. In

20 other embodiments, protein or functional part or domain thercof is capable of
functioning as a transcriptional activator or a transcriptional repressor. Preferred
proteins include, but are not limited to, transcription activators, a transcription
repressors, a resistance-mediating proteins, nucleases, topoisomerases, ligases,

integrases, recombinases, resolvases, methylases, acetylases, demethylases, and

25  deacetylases.
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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, b'wgé'ik%%&g er living organisms. '8) Use of effectors as tr@@qﬁ@ggmbfgpressors 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 WO 2010/079430PCT/162010/000154 they
bind to promoters ofta£a8l1881ES i s bidetoe Ty laefidctnisivichnaredtranscription activators,
these effectors are constructed to block the expression of target genes. Like classical repressors,

“these effectoré"ﬁf@t&bected to cover promoter sequences by their recognition of, or binding to, a
target DNA sequence and make them 5 inaccessible for factors that otherwise control the expression
of the target genes. Alternatively, or in additioriX domains can be fused to a _
transcription-repressing domain, such as an EAR motif (Ohta et al. Plant Cell 13:1959-1968 (2001)). 9)
Use of repeat domains for labelling and isolation of specific sequences 10The capability of a repeat
domain to recqgnize 3 FPEGUGIRERLAN Y SIIRTGE BRRSHESH RS domains to label
specific DNA sequences. C-terminally a GFP (" green-fluorescent-protein”) can for example be fused to
an artificial repeat domain that detects a desired DNA sequence. This fusion protein binds in vivo and
in vitro to a coffgspRPHNdARNRSaiien e dEiRNOBHIOR Qfthisseg elReearitieiohromasdme can

15be localized using the fused GFEP-protein..| logous wa ot%in 1ajas that enable a
cellular 138aliz&ER5H ?ﬁ@tﬁo@f}?z&g’%éégl)gégﬁéoi‘g LB £ é“s%ggfﬁggﬁiﬁg%??;%e@at domain
which targets i prateintal acortespapding ONdssoq Uit ednthegaro ety Helcsipet addition, the
DNA recognition séi)ecificig)(1 of reﬁgﬁ}#?ﬂ"ﬁ%ﬂﬁo‘)ﬁ ctaﬁ? Jﬁd’ﬁ@ifiﬁeﬁ?ﬂn% M@qlqggﬁggﬁgﬁgpeciﬁc DNA

sequences. FIr¥ e?f‘ﬁe AVPBS e protein can be immobilized to a matrixX and interacts with
correspondingtdNémeletulesitivalootdmaze ignenindpblafbehedarheréf O PN A sequences
can be ‘So'ate%%%fg a pixire of DNAMoleculas 1O Liseef FgRepbdempinsfeninaanaeaucleolytic

cleavage of DNA 25The DNA recognition specificity of the repeat domain can be fused tg a suitable
restrictior} Endemiliaase whspeemebnyisierya DRNATSRE MRS AFdsagis M SIE SR Bifiding of the

repeat domaingdpads terlocalization pbthedusionpieitita few spesiic spasuanpeshaedhat the
endonuclease specifically cleaves the DNA at the degslr&cliép]cgg!%écgl}g Means offtt[h% r&gggnltlon of

target DNA sefti@nas st dagpamno acids esize o

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 gpecific DNA base pair. When the repeat types of AvrBs3 (amino acid 12 and 13 of
cach repeat) are projccted onto the UPA box, it becomes evident that certain repeat
types correiate with specific base pairs in the target DNA. For example, HD and NI

" tepeat 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 mode] of

25 recognition specificity is supported by the fact that the AvrBs3 repeat deletion
derivative AvrBs3Arepl6 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 UP4-boxes of AvrBs3-induced pepper genes and mutational
analysis, the target DNA box of AviBs3 appears to be | 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
'immediatelj} pfeceding 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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30such 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

detelmined ég,(t)hﬂw)/oc)]%gobe required to support WO 2016[O7943OPCT/1§,&%9%§{9](1)0(%%% dimerization
ion of construc

of two Fokl domains. This would be accomplished by analysis of a collec ructs in which the
two DNA binding sites are separated by differently sized spacer sequences. Using this approach
enables one to determine the distances that allow nuclease-mediated DNA cleavage to occur and the

functional analygig.ehadditianai afertonnucieasas hatitar gat ife iRl BiRefIQRESwIN an

alternative approach, a newly develgped single-chain Fokl dimer (Mino et al. (2009)J Biotechnol '
140:156-161) (SR ECIHIE A PHEHEAIMG EbRICSHERE BaiRA A BreTARRS PSRl fused to a
single repeat depateitdheinivepsiand hbyseitnekiataiy-af A LDregaoRdngMuteastddies longer relies
on intermolecular dimerization,of o Fold,dg damajge that arcslocated on g diffgrent proteins. This
type of construtt hastheen used stceess uﬁlyc”in & 'CONtEXt of zmgl’hnger-' yased DNA binding motifs.
Moreover, thegeadietttbsizahaltjeivpryrspetifid ditkathehbyaifdwpbsitiorsinedortiislex DNA-molecules.

These methOdéoszfﬁ'e@;?éng@g%%@ﬁﬂ%@%?fwﬁﬁgoﬁaimgggsﬁeﬁe%wplg:%aﬁf ﬂ@%@éﬂc@w and

selectively incorpor orfor DNA at these positions. These methods can also 15be used to
 specifically inseftrsndgarresieeesiebasthadndirest eapiiciraoireahia with YUSRIALRSBRIFEE repeat order

Due to the highraimilaritioRegendheindividuals eRgal iR OfifrsrRealaMale goRstruction of a
custom DNA-bindin%?;é%?/]peptide as described above might not be 20feasible thr%ﬁﬁq methods
i .

involving tFhditiBreet SORIMGHEtHSIS e trtaliad FHifsie@wmisicatesedt MR With a repeat unit
order that matehes:adesiet, DNA-saOHpBea IR iemaiepofiptarest, 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 et al. (2008) PLoS
ONE 3:e3647) IAs:naitthiregtblocks dae suboiode d-the ddicanid CteoRiMa s afudane fis thell 4%.the 12

individual repe its. [ , e its. | Jildi ' individual
flanking Bsal s%gfg‘!zglagﬁm; t}h%?grl wé]gn agr?ﬁéﬁdgé%% a's%e %R%?%ﬂe%%gn@ﬁ?ﬁg%ustom effector
potypeptidie. ThaitsaetoritaRTBY4) ke dhrasty assaniiad fromthaqotal GELA fréghents into a

Bsal- 30compafibie-hinapeQtoniiat allowsAgrahasteridnmuediaied expiessionhthgustom
effector polypeptide as an N-tettninally tagged GFP fusion in 1Qlant cells (Fig. 18). WO
2010/079430P B G HH 00 (amino acid 12/13: N1, HD, NG, NS; Fig. IA, Fig. 2A) for

which DNA binding and gene activation have been shown experimentally. The Hax3
and Hax4 target boxes were placed in front of the minimal (-55 to +25) tomato Bs4

20 promoter, which has very weak basal activity (Schomack et al. (2005) Mol. Plant-
Microbe Interact. 18:1215-1225; Fig. 2B; Fig. 9), driving a promoterless uid4 (B-
giucuronidase, GUS} reporter gene. For transient expression studics, we transff_:otcd the
reporter constructs together with cauliflower mosaic virus 35S-promoter driven effector
genes hax3 and hax4 mnto Nicotiana benthamiana leaves using Agrobacterivum-

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 hax3 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. 106C).
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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12) Use of effectors as viral repressors The nucleotide binding specificity of the repeat domain can be
used to design effectors that disrupt viral replication in cells. These effectors will exhibit a nucleotide

binding spe%m?'g%é%r.gg d to nucleotide sequence in viral origins of rep“?#@%zﬂ?ﬂn%?ﬁr sequences
critical to viral tfunction. No additional protein domains need to be fused to these repeat domain

proteins in order to block viral function. They act like classical repressors by covering origins of
replication or GHHEAREIPLEHEENCESs, TPRIGRIFFIHIEHBIPEE dribRTePSTIBHE e tRAREREP@at units, and

internal ribosopg;eniysitesaRicA0CRisgG ANgdnkiInadReMHtacesssitladpshesiPmviral factors,
including viral encoded RNA-dependent RNA polég;merase nucleocapsid proteins and_integrases,

which participat@*ih RN LTS5 R GIghe W?t@pgﬂ%{éﬁyﬁﬁg%%@%ﬁgﬁtcasfuIIy with
zinc-finger protejast (Sexard 28105 c. 4iMibur 12526 18 B BY Flakanakasetalal(2A0 A MNetekAcids Symposium
Series 51:429-430). ummarizjng..the present janvention additionally covers, isolated nycleic acid
molecules%[o b%oﬁ%?ienme %ﬁ‘ 'gsrg%lﬁigd% %ﬁﬁe@rfggl}uﬂf\/‘é’ﬁ 8%??3%%5“?55%8“ p%%%g?t{omprising a
heterologous ﬁWn@ﬁ@ded@témyrmm@tpommidﬁdn@hdqeﬂmn@alntﬂrzgiamﬁsmgngucleotide '
molecule descgg?ﬁgn@@%g%fsaa?'@h%?§@PM%@&@@%%8@@&%{;§!%59%&h@gg{g{eapefab'y linked

to a gene of interest. The transformed plant’is preferably a monocot or a dicot. The invention covers

also seeds of thetPanstorsieaiplapacTrebpihehisn Covels Hafmancader foEitudtan Hust cells
transformed with.anyoefithe pelyruslaQlidgs iRl thednventon anihepabmspiides aitneinwention. The

promoters used in combination with any of the nucleotides and, ogle(pedgtides of the 25invention are
preferablytiss@B SpaTE HrRANGRISCURERIBAING RABEBrahBtey Fin d phomhatdiighdtitible by
pathogens. Whilei¢ ireseniinyantitn 0 bs usttimhaninal@adpplané:sysiampsondiagueferred

optional embodyent refers fo the as nplant systeme, The lelin plagt includes plant 30 cels, plant
protoplasts, plant el tisStie culttires from Which plants can be régenerated, plant ealli, plant clumps
and plant cellsAaXare (fiact2h Plagetbeor hartsiahplantslgucheas €rbryos rpsiiénpevules, seed, leaves,

flowers, brancrgg&}gméiéss roats, z%gtpgpé'vﬂfé@%?)tﬂ@g fhe like, Progeny, variants, and mutants of the
regenerated plants are alfso included WO 2010/079430PCT/1B2010/000154 within the scope of the

inventionlprovided that these parts comprise the introduced polynucleotides. Materials and Methods

SBacterial straips andygtawth senditions i G3chefchiacaibwria cukivatad @é@é&m@wﬁogeny broth
(LB) and ,4grobacterium tumefaciens GV3101 at 30C in yeast extract broth gY B) supplemented with
fLof the typical 34 amino acid-repeat units (Kay er al. (2005) Mol. Plani-Microbe

appropriate anti5t# !

Interact. 18:838-848). In addition, Hax2 contains a rare amino acid combination in its
sccond 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 cffector Hax2
using the transient assay. This showed that an IG 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 AvrHah! match to the

UPA-box in the Bs3 promoter (Fig. 5A, B).

Interestingly, the expression of hax2 m 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) Whiéh controls anthocyanin biosynthesis (Borevitz et al. (2000) Plant
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Plant material and inoculations. Nicotiana benthamiana plants were grown in the 10greenhouse (day
and night temperatures of 23C and 19C, respectively) with 16 h light and 40 to 60% humidity. Mature

leaves of fivg-, t -week-old plants were inoculated with Agrobacterj i dleless
syringe as d%lg}c(%lﬂggﬁ%lrse\%iously (S/). Inoculated plants were transferred t@@@%&%%wth chamber

(Percival Scientific) with 16 blight, 22C and 18 C né%ht teméﬁgrature. 15 Construction of artificial
effectors. The E6fSHRHSdP DY S eriguaftipsdfitsie phtier84dhtiwhsBaskdchn ligation of Esp3T

(Fermentas) regthigliar.feagmentar&SBa be s auiside Rl imreegBiion.seguencr-angdynically once
per repeat. To construct a GATEWAY (Invitrogen)-compatible ENTRY-vector for %eneration of

effectors of théBRIERRENAERL BIRPPeTIRRIAT 57 1raled therysrmshmia ByPpRER g4 proof reading
polymerase (HesSt@idiiEDehty IRebdnaraseddié fiaganifleombinrd:bypSUEi (spiniagdasicoverlap
extension);PCR and inserted into pCR8/GW/TOPO resulting.in a hax3- derivative wj 5 repeat units
(PCaSEDE M N e T A i IR S BEAHE G AT zocton was
inserted by sitefthircoteshmutdgendsisaorZbaliotwinicamdadtter tiingall fudidris 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 n&erziiy PresaneEspshaited Alo dissigramplise 500n1of M efeSareynastion is

2010/ 0794_30P%%%ﬁ&é@@%%@%&ﬁ&@%i@%%&%‘ %Q&%ﬁﬁ%&%@&?%p”or to the
PCR reaction. PCRproducts were digested with Esp3I and cloned into Esp31-digested pC3SE26

yielding Hax3-ErsiotRrs & RHmaPer RiJERtEal ML S IHEVENSes iRy RS e AP B e keTLEHWith Esp3l
(HD-repeat = repgatubiaf ifansaNfrepeaicenepnat tht N HaxG:Naiepraichsoperkd afdnl-1ax4,

NN-repeat = GI3N mutant of repeat 4 4). The ArtHD effector ba, ne construct consists of the
N o et BT W it R A YR S (10 R eI TR Fheulting conetruct
was restricted tvﬁdésmhcaﬁthtdt.ept’@éphbrgdm.ew@mqivag’mémﬁ)eMOEWWHMMW excised
with Esp3! from RGISE2Adeva~e ranialnind asingle Higpaal snckayilied via agarosc gels

1.0Ligation was perfolrued using a molar excess of insert to vector to facilitate concatemer ligation and
transformed inty EhecatiiTabefizaitrs ot rapear ethirs ngake dereriminBer inrseemismEntsrisihids using

Sail and Hindi. A3, eHiec e eth RIaRIOMEAMRINAIAR AlIEREBE BRRIMELGHENERALd DY

isolating DNA fragments encoding repeat units as described above from cloned single NI-, HD-, NN-,
and NO-repeal IfR&EPEREHEL ekiOs oA IR otynecaR doty pEepdEiR éll): Thestidgiments were added in

equal demonstrate that a minimal number of repeat units is required to recognize the artificial

target DNA-box and activate gene expression. The results also suggest that effectors

20 with fewer repcat numbers are largely inactive. We have shown that the repeat region
of TAL effectors has a sequential nature that corresponds to a consecutive target DNA
sequence. Hence, it should be feasible to generate effectors with novel DNA-binding
specificities. Three artificial effectors were generated (ArtX1, ArtX2, ArtX3), cach
with randomly assembled 12.5 repeat units (Fig, 3C, D), and tested for induction of Bs4

25  promoter-reporter fusions 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
undersfanding 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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molar amounts each to the C@mcatemer- ligation reaction with vector pC3SEIF. Plasmids containing
effectors of the invention with 12.5 repeat units were chosen for subsequent analysis. Effectors were
cloned by G@%@\é\{@\gr Somblnatlon (Invitrogen) into pGWB6 (52) for expression of N-terminal

GFP-effector fusions. Oligonucleotide 20sequences are available upon requestz.ﬁ,&'ffﬂgg}}ségtructs were

sequenced. GUS reporter constructs. The minimal 11s4 promoter was amplified by PCR and inserted
into pENTR/D-ROo0 Uringeeen phathctingst DA hsgsbseat sheiseesidq S8 9ipe 859, tigsioter
derivatives We@}@:@g@ﬂé{%@SpGWBS (52) containing a promoterless 25uidA 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 Agrochimiliad)sT AN Qr20b0{ 0494 306 132048110954 pndainiag tag1395-driven alcR
ethanol-dependent regulator gene and a nptll selection marker. AlcR drives ethanol-dependent
induction of thé AICA %%&@?ngﬁqpﬁ\? rc%orﬁi%ﬁrﬁﬁé?h?é’soété ﬁegsr\ﬁ%éﬁ}?gﬂ%#g%%%eﬁggA. thaliana
Col-0 via A. tursisfetoiend tisimpdtorakipsinotalatitih o) inransieimaniscwe pepesitited as
kanamycin-resj n sterile um. Cc ion Oof ARTBs4, an artificial effector. "Golden
gate" cloning (I%Egr%%}%%gﬁ&é%g%%éo %qlh%%%%}%&gv%%gﬁsoe tepgg%é]%?n eerel?f%%&g%?th 11.5
specifically ordenperiapadeiaiming e Nrema G ishnimys! FPMaoiarding dermdhiddadt kepeat units

10resembling the.dd2 LeRgRkNIFWEIgSH¢loned, Each building block contained individual flanking
Bsal sites that allowed an ordered assembly of the fragments into an artificial effector. For the targeted

assembly}Bf effectors with any desired repeat composition, the building block repertoire of repeat units

was expandedT}e fBllewiferiatgeipspeecificibe Rrany ahthaifasinatualibasemiA, C, G, and T) in DNA,
four 15different repeat types were chosen, based on the amino acids 12 and 13 per repeat unit. The

four repeat types and their specificities are: NI = A; HD = C; NG =T, NN = G or A. To generate a
universally applicBiidiadee ofddNdtblodingnifedéivisiepohdingrdigachiritheAfa@Bsfepeat unit types were
cloned with flargl i sites for I(}y%%t . ositions. The sum of 48 building blocks

i 1 \ o
resembles a Ilbrg%/%tﬁgﬁsaéigegﬁée%gggﬁt efge;slégné?g ges ét%tlf i%}l%] 11.5 repeat units with any
compositibh of the kngerepéseihat repeat domain of naturally occurring effectors of the AvrBs3-

family encode a corresponding DNA-binding specificity. These recognition sequences

can be predicted with the recognition code.

The artificial insertion of the predicted recognition sequences in front of 2 gene in
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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types. 13-Glucuronidase (GUS) assays. For transient GUS assays Agrobacterium strains delivering
effector constructs and GUS reporter constructs were mixed 1:1, and inoculated into Nicotiana
bentharnia'ng‘llé?%gll%% Alit% an 011)SOQ of 0.8. Two Iga_f discs (0.9 259m di%@%%%\{\é%&) 1%%mpled two
days post infiltration (dp1) and quantitative GUS activity was deteimined using
4-methyl-umbelliferyl-f9-D-glucuronide (MUG), as described previously (Sl). Proteins were quantified
using Bradford3ad48y othieRefipctors A messsHNIPrekAplizater samAFRResF SNFeAt plants. For
qualitative GUA 388y iafdiseemere: sampigd 21l acubaied Ano el Gequences of other
(5-bromo-4-chloro-3-indaly1-13-D- WO, 2010/079430PCT/1B2010/000154 glucuronide) staining
solution (83), dBSEAIREP NGRS AT GrERD BIRETIAE ML WETE PERSN BERFELTESS twice with similar
results. Expressi@iiiafibpretadiess3viaiohl it indxedBxthoangbasddveretRspressed in planta Sunder
control of the constitutive cauliflower mosaic virus 355 promoter using pAGH2, pAGH3, and pAGH4
(86). DNasel f Inkl I Nt : as described (87) with the following
modificati(?r?s:?ﬁggiﬁgﬁﬁqﬁgglg%%%gﬁgﬁéeg gég%%d Bs3-E 10 promoter DNA were
generated usin§{l&SRstASHERBITAtLEE OO B 5T {Ba Frbanter 1Pag Sidwes oM is21% +108) and

PCRISluntll-TORG ¥ BBk (BisR- FrRmetSEfsaament: R thiP cbhoR)s respRGivVEN ias template
and Phusion DNA polymerase (Finnzymes). Flu_orescentl?/ labeled PCR product of UPA20-uhm-r16

promoter DNA R SERETatRPaisRg bHaS MBrpERBRIMET- T & Bptysbomsihthe 514%5uPA20 promoter
fragment from p2d:3itiahuBhaoniaioie ghthexphumichoMhdatignRt(GohasHe twtafecansdPhusion DNA
polymerasg (Finnzymes). Plasmids pCRBluntl1l- TOPO::FPBs3, pCRBIyntll-TOPO::FPBs3-E and
BT OB B B BT PP e A A ST ACE B priemor
Manual Cycle Semussiwming #it €usBicacchhdingiodtievmarufhtte tenstigstrictiosso An internal Gene
Scan-500LI1Z ig

Eammle 2 1d é%%ﬁtﬁm‘%@f&%ﬁgﬁgt%i&%yﬁﬁm%ﬁgﬁ%‘?&&@ddﬁﬁmiﬁﬁa SRNG @qmem size.

ntification of a TAL Repeat Unit That Bin G Nucleotides The DNA birding domain
of TAL effectors3s4eia psedretnertagPanahge @b ansinb Db oidsepentalinifs o9 wifino acid

sequences of t@ﬁé@xﬁl@ﬁ%b‘ﬁib?ﬁ{@mﬁﬁéwﬁﬁﬁﬁ%ﬁﬁiﬁ%ﬂ%w %%%EQEQWMQQ@Q{G residues
(FIVRs) at positions 12 and 13 that define DNA target specificity (Boch et al. (2009) Science

326:1509!951 2 ASRESy B EHGeERELY @0he) s Btraheersbilreadi he raHERn I8 Ss identified HVR
motifs that bindipepiespatigiyitafp{bt GetblBhsTrNE, Makpeastialhhwellitib andss (i)

as well as a Bs3 gene under control of its native promoter, whose expression can be

induced by AvrBs3. The induction of expression of avrBs3 leads to expression of Bs3

and therefore fo cell death. See, WO 2009/042753, herein incorporated by reference.

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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30(Boch a al. (2009) Science 326:1509-1512). Bioinfounatic analysis revealed HVYRs WO
2010/079430PCT/1B2010/000154 that in the given promoter-TAL effector interactions match

specifically }9.G & Bogdanove (2009) Science 326:1501). How j is was based .
ﬁﬂ\?@%ﬁf‘% GG ARBIYS

on a single or two (NK) interaction sites. In our view the number of interaction sites is too
low to make reliable conclusions on the HVR specificity. Yet, these HVRs can be 5considered as
suitable candidigrtP i Syeicwidiat S9ReiRE BTN B TSRLE %aecaa?ﬁvmfﬁést specificity of

HVRs with urdmpwvinisResHiciyvg mase;uss ofifiecne!eparagianizectintbeasivmizeivéan AvrBs3 and
the UPA box in the Bs3 promoter. Using site directed mutagenesis reglaced th%tll_qii\s{R NI in the 5th

and the 106th TPEREEATPHYTRIK ASSHITIRG HAVP RS GK B1 8 ST e Wikt s e BES Hromoter the NI

residues of the;hikandishie:Hike repeashatbfmatgeto iA musteoidesc Using sitecdiréctadumutagenesis

we replaced the two-A nucleotides jn the Bs3 promoter by t . G Aunuglegfides. The wildtype
-Bs3 promoter gﬁld: the s %Aem S@ﬁ%:t{gF ?n% an ‘s)% \/I\I/%(r)é1 {’fjgre%%llgr}%%&?{ﬁ’obrter géne and tested via

Agrobacteriumintmuefazieng tranSientrexpresdims in d8tombirition with either wildtype AvrBs3 or

AVIBSSNKS/6 i) Nicoann BIIlAIANG JEas. GHRASSAN IRPAIRd MatAuatNike)S activated

the GUS reporg r only in combination with the "GO" 11s3 promoter mutant while AvrBs3 activated only
the Bs3 wildty® prbrherhacsmsiueitooci i yyeRsdgyeti@ithat NK pairs specifically to G and thus

provides an oREQR-RsSERE ARG, SRRCIHIS IeRRAD PN @ifbalse torepecilinally target O-rich target
sequences. xample 3: Method for Generation of De 'gé;er Effectors via Golden Gate 25Cloning

The DNALBindigEBRiEMT of & REIEHEUBr e BB H SO RIS RfinYed 34-amino acid repeat
units (REF). The) athineaticisecuenstsintipinekeefent cifisareronistly dansegvectliexcept for two
adjacent highly variable residues (FIVRS) at positions 12 and 3013 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, stﬂi@ti@éﬁéﬁ%ﬂ%@é@@@@é@@%ﬁﬁ%‘f&?ﬂ%ﬁ@ AvsReisfrabeisensts HBe st thierfere with the

specificity of agiageyt sda{MoscouA Bapdaneyve.2AARneienreeda&ilb0lhe single repeat
15  units now allows the targeted adaptation of the DNA-binding specificity of this region.
The DNA binding region can be translationally fused to other functional domains to
generate sequence-specific effects. Below, four examples of such protein fusions are

givetL.

7) Censtruction of transcriptional activators for the inducible expression of genes
20 in cells of living organisms
The effectors of the AvrBs3 _like family induce the expression of genes in plant cells.
For this, the C~terminus of the protein is cssential, 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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WO 2010/079430PCT/1B2010/000154 Thus modular assembly of repeat units with pre-characterized
specificities is likely-te provide an efficient way for generation of DNA-recognition modules with desired

DNA specifi%&.zgﬂ%w%\_ggr, the generation of DNA constructs that enCOd%gfﬁgﬁﬁggﬁ‘%gJ domains is

challenging due to the fact that the repeat units are almost identical. In the pas ave used
chemical synthesis to generate effectors genes that encode 17.5 repeat units with the desired HVR

composition. THendRG ARS8 Isenredn sepent thits drrheTBriareviidveraxploited the
degeneracy of fhggepeiic fereaclleeadan-aptinieed s sasuanse af the.lf-adeReAtMpik encoding

DNA sequence was, In contrast to the corresponding TAL effector wildtype gene, PCR-amplifiable and
amenable to PERBAskFHASHENETE S fTn §LISE dENTOREH IR CHERREL Synthesis of
effector repeatwdqueains i§ generalbeiaasibie oHowEvgrochemisaDsyathesis: coasinaiialidentapid and
cost-efficient gc{:'nr!a%(r;atiqc%%\ S mulltiple effectors with desired HVR compﬁgi%g. 15Furtheimore this
approach will most fike y no alfow generation of repe%t ornane withy 200 T %r%ep‘ee“fieat units. The
recently develohéehi@GoklpreGataldibointicpepvid dsramaltembtifesappreaehsiaipgeneration of repeat

unit arrays of Agsiieg SEURR . REUARALIRARIRA A0 MR 2P o 138 [k iastifipn enzymes.

which cut outside of their recognition sequence. We will work with the type 115 enzyme Bsal, which
creates a 4-bp sticky end. Due to the fact, that recognition and cleavage site are separated in type HS
enzymes we can generate by Bsal restriction in principle 256 (44) different sticky ends which provides
the basis for mgjtUsagirepedighiinams\Witgeifing dedignlaiitheotlqaaiiessiesndwo or 25 more

f t thyt 1S, icti be.ligated i lacking the original
rosticion e (ERJAETE, Db 0B L N B Baeis SEnEiar e (b R O Y eb552).
However in practddagheraréttwthtindivatiorsted dhis spifie DD edgiensnuCltaseBilac Gl in some
reactions, Singk@g?g&ﬂﬂﬁgrgs‘é%ﬁl&%?&m?%ﬁpQKXn%ﬂg%é"fﬁiséﬁ%%ﬁ‘lﬁéﬂ@aﬁ et&%rrﬁgﬁases,

effectively making the number of compatible sticky ends only 16 (24). Secondly, the efficiency of the
ligation reactioH@tisieeisedepiredibhbh shtuanecialis fusinberatemhilad: sicreasd Woiie eaneeded to

create an effecigrwibnlilad revsatuniie ATRca AR InQRA aseWHing Junstiengl TAL
effectors. To circumvent WO 2010/079430PCT/M2010/000154 these limitations, we have designed a

two-stage! igatiSh! ProEEa i REdRed & EmIeiRiE: BPoH A BT e A B PBYC B 44 more repeat

units. that enable a cellular localization of the protein (e.g. by FISH) can be fused to a
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 1solate 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 basis for our "repeat-array building kit" is a set of "insert plasmids" that contain 5 individual repeat
units (one repeat unit per plasmid), "intermediate vectors" that contain repeat domains consisting of
setsof 10 r t Lf d one "acceptor vector" that contains the N- and C-terminal non-repeat
region of a ﬁ%%eo#‘g?z gr.%AR repeat units are designed in such a way thaf fﬁlglgéﬁép’}geogbsﬁnition sites
flank the insert in the insert plasmids. 10 To simplify the explanation of the multi-fragment ligation we

define herein tHEgfénm et dfollalpapink dhis gonldbwithcappslubeylemdysifinStead of the
sequence overhang:Rhthecsliskyenm aneqadicaiethelergniation AN-Lpf:igl ginus of the repeat

unit) with N or C in square brackets (e.g. A[C]). The insert plasmid containing 15the 151 repeat unit

gene is design&tiicat¥r 4o apAasas e trs atMBE iR adNgnshis yes R fissmina & repeat unit
gene has B[N] @ndicdClhiaiamia M&%@b@l@@?@@Aﬁlﬁﬁ%&%&b@&%‘aﬁ@ tltaétﬁﬁdﬂ(s&g plasgﬂd Witg the
3rd repeat unit gene.results.in C[N].and D[C] tel mini, and so. on. Since only compatible ends can be
fused, the g[cf%é ?ﬁ}ﬁﬁiaéﬁfﬁgnf[k%%ﬁ%rﬁhﬁlﬁ?sﬁgﬁ%mgﬁs%%ﬁgﬁﬂ%ﬁg@ﬁ%‘fﬁﬁcéﬂqg’ﬁminus of the 2"
20repeat unit géreaBimiaryothk, €[Cierdinlsped the R-depe dbihiigenevinb bgate Zpeoifically to the
C[N] telminus qf.the 31 gat ynit.gene and.so,on..Bsal digestion.teleases the repeat units with 4-bp
sticky ove rhan%féott %%g?ef%@?ngéal%%%qg ﬁ@%fﬁ%ﬁlg C elgl%f’r? é’%%%?&“ééﬂ%&%%ﬁ uni (s}’.’%hng Bsal
recognition sitériBsdfipdiangits firscd Sotheiaavagdndemaplagitid weensioarthiise frolgagatitingrt has no
Bsal recognition gites JhREPRAIURLSAISHIINRE L08R NRIABE AdRR-SReHIGd PY, e gyerhanging

ends in a cut-lﬁf?tio_n reaction (cleavage and ligation running simultaneously). Due to the simultaneous

action of Bbal SAEigadertirecdongisdan b1 pepEsicthneiris tHE ver dsRastiet fsibosbaiidd since this

restores the BsatsessanitiontsitnBycsmiiastitper-30desivadligation pieductsiagktheRsal recognition
sites. This experiggental esign makesgthis cIoniﬁr‘l?éErocedure highly efficient. To generate effectors

that are desigriB 18 Fe BTN IS SHREE HALS LERtehESY PR TA SRR E RS Tor s repeat unit
position. Thes&hawtantshade dadischistegeathivg ROIOFOHIORECET HBRRIMAGDHL4kuits with
specific nucleati gnition,specificit BN sidyes at position.12 and 13 for recognition of a C
base, NI for A,%%%gsgg %%?C# %yvlgﬁgwp %tre(e%ac rposltlélrgI %lﬂé%rﬁg (%R\Wﬁ't '%eséep%ﬁ%}borcliétcedgt%(% ends for
each repdat urlit; derdeivamrasidiosfly] et BE@Fgenasini for repeat unit 1, such that there are four possible
insert plasmids for repeat unit one, chosen based on the desired DNA recognition. There are four

variants for repeat unit 2, with different nucleotide recognition specificity and B[N] and C[C] termini,
and so on for dei-sEARcHou b RePRMtomaEE WHR RIS OM-Hetgp et ygpent| Ardes first stage, 10 repeat

units are combimectto the high similarity between the individual repeat units of a repeat domain,

construction of a custom DNA-binding polypeptide as described above might not be
20 feasible through methods involving traditional cloning methods. As detailed in this
| exampfe, a repeat domain with a repeat unit order that matches a desired DNA-
sequence In a promoter of mterest, 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 3:23647). 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 Nmterminaﬂy tagged GFP fusion in plant cells (Fig. 18).

-T2



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 59%'8%{? 5[’719%3%econd stage, separately assembled 10 repeat units are combined into
acceptor vectors. Fle acceptor vector also contains the N- and C'—terminglcl:fgﬁ-%oelﬁgg?%?eas 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;3Qvigpeptiiragmenip.apralsa 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 aré i SPsSSEftIEintE IRE iRt Ah istacobemreianan beusiely s grsiag effemibled IOmers

are released asm@n@drggropit-Jhicfiagmentlis fgaied iR ARl TUEligase: Ractiamwithdhe;acceptor
I between the N- and C-telminai non-repeat areas of the TAI. effector.

vector, which contains Bpil site

In this caséC onﬁ??%rgiﬁge%@%ﬁg I REE TRUS TS BERER B VER{OP S SRS RS L & ETigation
highly specific smddaassetinbleccasilyfdtcand Moreldepaal pritsin2bhhmaceaptorbectiet ito which the
repeat unit array.is finally cloned, represents a GATEWAY.E clone and th llows .
recombination?g{gsgerc? Fglg?e%laé?t_ﬁrea%ﬁgq%ro into gon_?llgl gl_(é@i}g pﬁ%ﬁé&&oﬁ%&n@ﬂ% éﬁ/ﬁ??écﬁhy the
acceptor vectoresgesigriag to\yemnar sz All-napiidrtipscrptictheadtey. Hoveves, Withudng

modifications tpﬁn%gte%gce%mwgﬁefkﬂ@ﬁmﬂ%ep@ﬁi9%95&%%@9%@%5%9 iheFaldepdonuclease

or other desired functional domains. A schematic of this method is provided in Figure 19A°D. WO
2010/079450PEGINR BabrT0 18 AERHATS RS b HaLRa Rraviteiresing drciudigarmr Anspésfic
Nucleases FusiotapaetrinmOMBISinG BeRRal demaib.ptiedrvantionthalrecaanizesmitarget DNA
sequence and a Fokl nuclease "T,A]L-t¥ ases") are produceﬁ as described 5by any of the

pe-nucl
methdod discldSESRIIH oF T8hSARY TRt ﬁ?ff H98ior Proients e aliry 8 e dsehctivity by
incubation withswerrespbndiily targénbBN Arcldiesréheat 2ZMHpin DNAIget-Stisltioaatinto the

multiple cloningﬁk%ﬁ%wk?%ligfﬁggggsgsﬁgsap}gse%gg&%@@ negative controls, either an "empty

vector" that contains n nuclease target site or cloned target sites with mutations are used. Before
treatmentléf 10the DNA substrate with the TAL-type nuclease, the vector is linearized by treatment

with a suitable siandar e deniciease Rk sleavaR iniie SalLhaRRNR, iR neadgrd vector is

Al
incubated with in vitro generated repeat domain-Fokl niuclease fusion proteins and the products

analyzed by agaRssés BE@6BKIrede dTpEtropErrBhi oY i b NALSfaERsE ST gel electrophoresis is

indicative for spegifiesnigcleresclSpediRieg cieaNads. By tREHRs INemNRIRIVERRNMKRIS that do not
contain a target site ,thatigﬁ recognized by repeat dgmain are unaffected by treatment with the repeat

domain-Fokl nSRTMEENE H5RUSIGRLHE BRISHFvEi 08 Hhay Sy rRbRs ORfiely buirg 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 sceds 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 ceils 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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expression and protein synthesis are used to generate repeat domain-Fokl nuclease fusion proteins
(e.g. T7 High-Yield Protein Expression System; Promcga). To use such 20systems, repeat
domain-Fo%uz%lﬁ‘?gsyg&dsion p.rotein nucleotide sequences are ClOned_"bEf?ﬁﬁle@(;BgllgﬁNA
polymerase. Such tusion proteins that are produced via in vitro transcription and translation are used
in DNA cleavage assays without further purification. 25The article "a" and "an" are used herein to refer
to one or more'tifin BRscars. ofshstiresationayeridid graithersiaalsasperiss the Birdecady way of
example, "an glemeRi:d@ans one or more element. Throughout the specification the word
"comprising,” or variations such as "comprises" 30or "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. WO
2010/079430 P atgrabrsl ddetiugd

specification are indicative of the level of those skilled in the art to which this invention pertains. All
publications angh peigntaRRCaHARS AreNIRIRINERIRISLY FRferaRcain g sameexient as if each
individual publication or patent application was specifically and individually 5 indicated to be
incorporated biysedenghoeth AtBitidaily; @acteaithedoiioviéns @Eid ap phtationsds hetrebly herein
incorporated r%;gg? in its 1ent‘ir(%y: Dﬁélo 2009 004 659.3 filed January 12, 2009, EP 09165328

~ filed July 13, 209! ) SRR S R PRIy “%Although the foregoing invention has
been described in some detail by way of illustration and example for purposes of clarity of
understanding, it will be obvious that certain changes and modifications may be practiced within the
scope of the affaridegtainhand TeATANMIC MigiGaMEB i gardthbdMor gredadihge polypeptide
that selectjvely recognizes a target DNA sequence et omprising synthesizin olypeptide
comprising a rgbegﬂ%%@&@lﬁ Wf?é(fl { HRan %te%?s ofrr%?ézgﬁg%gégeéjﬁ%éﬁi |t‘§g@ﬁe§r§/lg§ %Gr%pm a
transcription agtjyai®tsl ke ik @ffesiarawharRinthe ke Reatenits LRraRisiersRyaervariable region
which determines recognition of a base pair in a DNA sequence, wherein the repeat domain
recognizes theitaegbtd@NAhsdgdactsr amdunngensaftielphrorvegiay dastion somipustd s member

selected from tlt;lgc%[gtlélg ;‘ﬁgr?tglxsx;[clz? n%frzlsferred to a Percival growth chamber (Percival Scientific)

with 16 h light, 22°C and 18 °C night temperature.

15
Censtruction of artificial effectors. The construction of effectors with modified repeat
region was based on ligation of Esp3] (Fermentas) restriction fragments. Esp3] 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-termim of Aax3 were amplified by PCR using a proof reading
polymerase (HotStar HiFidelity Polymerase Kit; Qtagen), 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 haif 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 Esp31 sites. To avoid amplification of more than

iy /-



(a) HD for recognition of C/G; (b) NI for recognition of A/T; (c) NG for recognition of T/A; (d) NS for
recognition of C/G or A/T or T/A or G/C; (e) NN for recognition of G/C or A/T; IG for recognition of T/A;

(9) N for reggfgg}gémﬁf %/G (h) HG for recognition of C/G or T/A; H for reeqgpisiangbA; and NK for

recognition o an Whereln synthesizing the polypeptide comprises assembling the repeat units to
generate the repeat domaln 2.The method of clalm 1, whereln the hypervariable region corresponds

to amino acids 12 and 1 {Qe a}%ﬁlin ?EI %glt%lﬁLlpgrRzr whereipthe repeat domain
unl 0d 0

comprises 1.530° if)p%dre alm or 2. whersin the repeat domain
comprises 11. ﬁ&&%%&p@i@buw&&mmmeﬁmam @pcldinstdd4BRENSIpithmolypeptide

further comprises at least one additional domain that is operably linked to the repeat domain.

Hax3-derivatives with 2.5 repeat units where a single repeat can be excised with Esp31
(HD-repeat = repeat 5 of Hax3; Nl-repeat = repeat 11 of Hax3; NG-repeat = repeat 4 of

5  Hax4; NN-repeat = GisN mutant of repeat 4 of Hax4). The ArtHD effector backbone
construct consists of the N- and C-terminus of Hax3 with the last haif repeat mutated
into a HD-repeat. The resulting construct was restricted by Esp31 and
dephosphorylated. DNA fragments encoding repeat units were excised with Esp31 from
pC3SE26-derivatives containing a single HD-repeat and purified via agarose gels.

10 Ligation was performed using a molar excess of insert to vector to facilitate concatemer
ligation and transformed into E. coli. The number of repeat units was determined in
recombinant plasmids using Sl and HincIl ArtX1-3 effectors with a random
combination of repeat types were generated by isolating DNA fragments encoding
repeat units as described above from cloned single NI-, HD-, NN-, and NG-repeat units

15 (specificities for A, C, G/A, and T, respectively). The fragmcnts were added in equal
molar amounts each to the concatemer ligation reaction with vector pC3SEIF. Plasmids
containing effeciors of the invention 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 réquest. 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 (833
Fig. §5). Promoter derivatives were cloned into pGWB3 (52) containing a promoterless

25 uidA gene.

Construction of hax2-transgenic A. thaliana. hax2 was cloned under control of the
inducible aled promoter from Aspergillus nidulans into a GATEWAY-compatible
derivative of the binary T-DNA vector binSRNACatN (Zeneca Agrochemicals)
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6. The method of claim 5, wherein the additional domain comprises a bacterial, viral, fungal, oomycete,
human, animal, plant, or artificial protein, or part thereof. 7. The method of claim 6, wherein the

additional dmﬂg&?%‘%&ses a protein or firnctional part or domain thereoljcrlt}%zi&[%%q?p of modifying

DNA or RNA. e method of claim 6, wherein the additional domain comprises a protein or
functional part or domain thereof selected from the group consisting of: a transcription activator, a

ranscrption repeaan eSS IR NS A Tyl omerReg, algase, an

ease, a topoi rase
. ator 5@&6 and a f’f_gf seléctig
integrase, a recombinase, a resolvase, a me S€, an acetylase, a demethylase, and a deacetylase.

9. The methodafaey ankofrslaimsshd. dbaiein tharapeatibmain ofshneewreptidens synthesized
by expressing a DNA sequence encoding the po%geptide and where the DNA sequence encoding the

polypeptide is 4Q8EHBIB B BrEsSSEFTBNHGIMRCfpiad UrEInORe - Oritefetargacivaetidghat can
subsequently t}? as .mgled into ‘?f vector comprising the DNA sequence encoding the
polypeptide. 016.??1(13 cr’r(fgl[ﬁ%(alz %}@rgg%%%ﬁ%lsm\ge ﬁig,ei\%%%grgign the 1 Bléla{eﬁir?(lgtasrlqc%n%np?ise 30to 40
amino acids. on kitrildhwdmethod of claim 10, wherein the repeat units comprise 33, 34, 35 or 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. 3. The meth aim 12, wherein_the polypeptide recognizes all of the base pairs in
the targer DN AR o AR R P TR S B W  Ehpable of
blinding to the tQQfE) DA ﬁ%ém@;ﬂ) wa:t&s@dmm@qsap;ﬁhbeleffmwmadtby thespretficd pf anyI one ofCI f
claims 1-14, w ?J?éht Jolo 1 gﬁ_omgr' es.an, t] %% epeatdo ain. 16. The polypeptide o
claim 15 wheréaln the poﬁype%ﬁ%ﬁs not natutfsaﬁsy oc](?t{(rsrtllng.Xg H%La%zdgl %ﬁ%u%lorﬁpﬁr%ﬁlg a coding

sequence for thespalypaptiee pradera 4 tierenetisbiet displohaldhe diovk tonfinederein the
polypeptide compprsas Al AHICI JERRILEAMMNed an ddelie LMY HalIELEWRS R e DNA is

not naturally occurrinq. 19. An expression cassette comprising a promoter operably linked to the

DNA of claim 3tificialgfeatoio Ko hidAraoes cererbiprsigctne B aesidsstabsaqd of claim 19.
21. The host celiabeltaion 20 whieRintheihestaslkisabaateralcells axiwndal Cel .apwanimal cell, or a

T s, THEEEh Tl g EhT ot LS e o BB HDS B, an animal, o a
plant. 15  different repeat types were chosen, based on the amino acids 12 and 13 per repeat unit.

The four repeat types and their specificities are: NI = A, HD =C; NG =T, NN = G or

A. To generate a universally applicable assembly kit, four units corresponding to each

of the four repeat unit types were cloned with flanking Bsal sites for each of the 12

repeat positions. The sum of 48 building blocks resembles a library that can be used to

20 assemble effectors with 11.5 repeat units with any composition of the four repeat unit

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 ODgqo 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-§-D-
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24. A method for selectively recognizing base pairs ina DNA sequence by a polypeptide, the method
comprising constructing a polypeptide comprising a repeat domain, Wherein the repeat domain
comprises r %%i’tﬁg@rived from a TAL effector, wherein the repeat ysitsigomphisaa hypervariable -
region which determines recognition of a base pair in a DNA sequence, wherein the repeat domain
recognizes the target DNA sequence, and wherein the hypervariable region comprises a member
selected from the grou isti , it 1ol ition of A/T; (c
NO for recog nli‘t%lc})‘% o?#ﬁ?;gééfﬁ%%l %’)%gg@g%ﬁg%(ﬁﬁé?g%%{%%‘gb%@% (Q)%i?/x ; 1Ei(rg@N@{lglleélct)éfé:ecognitio(n )of
GIC or AIT; (f)d&réemedcagnitian ot Wik aiMfotstdsognition of C/G; (h) HG for recognition of C/G or
T/A; (i) H for recognition of T/A; and (j) NK for recognition of G/C; and wherein constructing the
polypeptide comprises assembling the repeat units to generate the repeat domain. 25. The
method of claifa 3. 617,15, s YRHaple Apien aricaReAds DANKAAGKSAGR 13 In the
repeat units. . The method of claim 24 or 25, wherein the repeat domain comprises 1.5 to 40.5
repeat units. und27codh@noethocbefttlaine 24utifl 3% cnhesgin itesrdépeptoduirairsiogmpfidss 11.5 to 33.5

repeat units. 28. The method of any one of claims 24-27, wherein the polypeptide further
comprises at o @HAditBRAIIIHPinat is operably linked to the repeat domain.  29. The method
of any one of claims 24-28, wherein the repeat units comprise 30 to 40 amino acids. 30. The

method of claim 29, wherein the repeat units comprise 33, 34, 35 or 39 amino acids.

DNasel footprinting. DNasel footprinting was performed as described (57) with the
following modifications: Fluorescently labeled PCR products of As3 and Bs3-E

10 promoter DNA were generated using plasmids pCRBluntlI-TOPO::FPBs3 (Bs3
promoter fragment from -211 to +108) and pCRBluntll-TOPO::FPBs3-E (Bs3-E
promoter fragment from -224 to +108), respectiva,l_y= as template and Phusion DNA
polymerase (Finnzymes). Fluorescently labeled PCR product of UPA20-ubm-r16
promoter DNA was generated using plasmid pCRBluntIl-TOPO::FPU20-ubm-r16

15 (UPA20 promoter fragment from -213 to +86 containing the ubm-r16 mutation (57) as
template and Phusion DNA polymerase (Finnzymes). Plasmids pCRBluntlI-
TOPO::FPBs3, pCRBIuntll-TOPO::FPBs3-E and pCRBluntil-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-500LIZ

20  Size Standard (Applied Biosystems) was used to determine the DNA fragment size.

Exam

ie 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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31. The miethod 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 rew%mqureferably binding of one or more specified basg Paitsin:adN4 sequence,
and optionally wherein one or more of the repeat units is derived from the repeat domains of

AvrBs3-like effectors which are further optionally modified in order to obtain a pre-selected specific
activity to one BrahibBLHEE PEREIEa DA Tegitrhiaactiongpiaeh spedfiaorLAY RSt claims 24-31,
wherein the repepbgamaine ComNisiag-te el wikisweo mainediinia pelneatiee caatelling the
transcription of a gene, optionally in transcription activator or repressor prateins, aptionally in
AvrBs3-like pr&gﬁé‘, Ig@) ™ W@ré&@d?tﬁfé‘}(ﬁ@ﬂ‘é%r SHEREY e ?3%‘?‘%‘?\%) ?ﬁ%tﬁ{%‘%}‘g? 315 c})/%e of claims
24-32, whereindbéoi-te tmitatdedierafctusapsandbatdiRegrisfRiayrétaghittertidfRcitheifyefor a T/A 5' of
the recogrition, speciiefy. of e FepSal ALy o TR SHICM o1 AN &f claims 24-33, wherein
the base pair ifthe DN sequence Is'inserted Into"an expression controfelement combined with a

- gene, the expression control element being targeted by a transcription control protein comprising the

hypervariable ﬁﬁql&i&é@otbﬁﬁgp&@%&r@%@ﬂﬁ&%ﬁ'wf%@z&a&@ﬂp@mweaﬁ@sﬁemmecomml

element to specifically control the expression of the gene, wherein the expression control element is
preferably a profterarell-chassetorradwaigiadion BpwR 3 Whetemiiths férbrxdrdsdahce mediating

gene in order tg:ghtain Adisestedesigdnteigarisiwtheppxiessieneortrnl elesteptdraing optionally
the target sequence for an AvrBs3-like. effectot;rg;otein. 6. A method of modulaéiig%fxpression of

a target ghe ifi o SR WHE RSN EeifS RIS o BB A BRI A e polypeptide
comprises an asifitiad s¢peas Handaie, ot bereintidte aitificial repedtdmaiistampeisesatdeast one
repeat unit deriveg from.a TéA‘rIE qgfe%t%ré %%egeé% C}gletrg S%gttHQgS%omoorﬁj&%rs a hypervariable region
which determineés t %%%}’h‘&’l%n 2hase pairina A sequence, Wherenm t?l}é repéat domain
recognizes therarigetiBNA seyiidhae, Zddwwhmeteinnt shihyhreepratsiter agitn s oreprivesidomember

selected from tgﬁﬂugmgg\g?%g%é@g&&é@%&*@af%ﬁsgggaim tanz%seﬁmmg%{%ﬁl\?@ggﬁmgf AIT; (c)

NO for recognition of T/ 1) NS for recognition"of C/G or A/T of T/A or G/C; NN for recognition of
G/C or A/T3 IG Fombiesipntath siiAvVNdBPt deabriion or ByE NE e r Ykesgrtibidreiaer T/A; H for
recognition of A andtMs{eys RERERHIANRIE A -NK s 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
gencrate more specific repeat arrays and also to specifically target G-rich target

SCquences,

. Example 3: Method for Generation of Designer Effectors via Gelden 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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37.A polypept de comprising an artificial repeat domain, wherein the artificial repeat domain comprises
at least one repeat unit derived from a TAL effector, wherein the repeat unit comprises a hypervariable

- fegion Whicglge%hel%jjg recognition of a base pair in a DNA sequence, wheighi #sseReat domain
recognizes the target DNA sequence, and wherein the hypervariable region comprises a member
selected from the group consisting of: HD for recognition of C/G; NI for recognition of AFT; NU for
recognition of Thas N@%@f@é@@ﬁ%&f BPedary AR YrETEER N’?Bﬁ‘é%ﬁbﬁi%ﬁ%f%/c or AIT; IG

for recognition g i4A alNci@icraaaenition eh&4tedtE Hor 1acappitioih ofidalEowikhAlekrtar recognition of
T/A; and NK far recognition of G/C. 38.A DNA comprising a coding sequence for the polypeptide of
claim 37. 39.ANef5g" 57 Broducing a DNA comprising a target DNA sequence that is selectively
recognized by a polypeptide comprising a repeat domain, the method comprising modifying a DNA to

include a ase palfieated N2 taraet BNA ssilishie:ae daldbacase-palcandie specifically
recognized by a polypeptide comprising a repeat domain, wherein the répeat domain comprises at
least one repeecttalinitaiiegidesitfrom fact At difesenatwhisseiis thacepdentivalt bothppiésva biiservariable

region which determings recagnition Pl AdaseRalidR 3 RNASEAHRRCS 7aNdNARIRI therepeat

domain recognizes the target DNA sequence, and wherein the base pair is selected from the group
consisting of: (&¥ @?@f‘féﬁggo@ﬂﬁ&ﬂw& maximize the differences between repeat units at the

DNA level we exploited the degeneracy of the genetic code. The codon-optimized

10 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.

15  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
20 of type IIS restriction enzymes, which cut outside of their recognition sequence. We
will work with the type 11S enzyme Bsal, which creates a 4-bp sticky end. Due to the
fact, that recognition and cleavage sitc arc Scparated in type IIS cnzymes we can
generate by Bsal restriction in principle 256 (4" different sticky ends which provides
the basis for multi fragment Hgations. With proper design of the cleavage sites, two or
25 more fragments cut by type LIS restriction enzymes can be ligated into a product
lacking the original restriction site (Engler ef al. (2008) PLoS ONE 3:¢3647; Engler et

al. (2009) PLoS ONE 4:¢5553).

However in pracﬁce there are two limitations to this method. Due fo exonuclease
30 activity in some reactions, single stranded overhanging DNA sticky ends arc 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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b) AIT for recognition by NI; (c) T/A for recognition by NG; (d) CT or A/T or T/A or G/C for recognition
by NS; (e) G/C or A/T for recognition by NN; (OT/A for recognition by JO; (g) C/G or T/A for recognition
by N; (h) T/ ition by HG; (i) T/A for recognition by 14; and (j) G/ nition by NK.
40.The metﬁé@%ﬁg‘%?r% &39, wherein the base pair is located in a promotgr&d.f{%%ég}r%g%%#é regulatory
sequence. 41.The method of claim 39, wherein the DNA is not naturally occurring.

383526seglist BASSEOURNGE WS TG desipnsdBapine-tinacBbeMitemsoseiobicklisEbdbtian Lahaye,
Thomas <120zMagilardabtidRineire Lamnaing, 30d4Isthasle afeeqmits.

The basis for our “repeat-array building kit” is a set of “insert plasmids” that contain
5 individual repeat units (one repeat unit per plasmid), “intermediate vectors” that
contain repcat domains consisting of sets of 10 repeat units, and one “acceptor vector”
that contains the N- and C-terminal non-repeat region of a TAL effector. All repeat
units are designed in such a way that the Bsal recognition sites flank the msert in the
insert plasmids.
10
To simplify the explanation of the multi-frapment ligation we define herein 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] fermini, 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 20
20 repeat unit gene. Similarly the C[C] terminus of the 2™ repcat 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 overbangs 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 simultancously). 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 confrast the
30  desired ligation products lack the Bsal recognition sites. This experimental design

makes this cloning procedure highly efficient.

To generate effectors that are designed to recognize specific base sequences, four

variants arec made for each repeat unit position. These variants are individual repeat
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<130> 53409/383526 <150> EP 09165328.7 <151> 2009-07-13 <150> US 61/225,043 <151>
2009-07-13 <150> DE 10 2009 004 659.3 <151> 2009-01-12 <160> 113 <170> Patentln version 3.3

<210> 1 <211 >2§fh ﬁﬁ%ﬁr PRT <.213> xanthomonas campestris pv. Ves@?ﬁ‘)ﬁﬁoﬁ)@&ﬁsl Leu Thr Pro
Glu GIn val Val'Ala lle Ala Ser His Asp Gly Gly Lys 151015 383526seglist.txt Gin Ala Leu Glu Thr Val

Gin Arg Leu Leu Pro Val Leu Cys Gin Ala 202530 His Gfly
units with specific nucleotide recognition specificity, (e.g. HD residues at position 12

and 13 for recognition of a C base, NI for A, and so on). The variant for cach position
is made with the appropriate sticky ends for each repeat unit, for example A[N] and
B[C] termini for repeat unit 1, such that there are four possible insert plasmids for
5 repeat unit one, chosen based on the desired DNA recognition. There are four variants
for repeat unit 2, with different nucleotide recognition specificity and B[N} and C[C]

termini, and so on for cach repeat position

Ligations 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, scparately
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 IS 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 areas 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 ftranscription 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.
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<210> 2 <211> 19 <212> DNA <213> Atrtificial <220> <223> predicted <220> <221> misc_feature
<222>(12)..(13) <223>niis a, ¢, g, or t <400> 2 tatataaacc tnnccctctl9 <210> 3 <211> 23 <212> DNA

<213> Artifi% 2%%1}%?3%eglist.txt <220> PCT/IR2010/000154

Example 4: Production and Testing of Target DNA-Specific Nucleases

Fusion proteins comprising a repeat domain of the invention that recognizes a target
DNA sequence and a Fokl nuclease (“TAL-type-nucleases™) are produéed as described
5 by any of the methdod disclosed herein or knonw in the art. The fusion proteins are

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 controis 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, celi-free systems for in vitro gene
expression and protein synthesis are used to generate repeat domain-Fokl nuciease
fusion proteins (e.g. T7 High-Yicld Protein Expression System; Promega). To use such

20 systems, repeat domain-Fokl nuclease fusion protein nucleotide sequernces are cloned
in front of a T7 RNA polymerase. Such fusion proteins that are produced via in vitro
transcription and transiation 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.c., 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 “compnses”
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

clement, integer or step, or group of elements, integers or steps.
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<223> predicted <400> 3 tgttattctc acactctcct tat23 <210> 4 <211> 13 <212> DNA <213> Artificial
<220> <223> predicted <400> 4 tacacccaaa catl3 <210> 5 <211> 16 <212> DNA <213> Artificial

<220><223>
WO 2016/079430 PCT/B2010/060154

10

redicted <400> 5 tacctaaact aaatat1l6

Al publications and patent applications mentioned in the specification are indicative of
the level of those skilled in the art to which this invention pertains. All publications
and patent applications are herein incorporated by reference to the same extent as if
each individual publication or patent application was specifically and individually
indicated to be incorporated by reference. Additionally, each of the folloWing'i)atent
applications is hereby herein incorporated referenced in its entirety: DE 10 2009 004
659.3 filed January 12, 2009, EP 09165328 filed July 13, 2009, and US 61/225,043
filed July 13, 2009,

Although the foregoing invention has been described in some detail by way of
illustration and example for purposes of clarity of understanding, it will be obvious that
certain changes and modifications may be practiced within the scope of the appended

claims.
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383526secilist.txt <210> 6 <211> 16 <212> DNA <213> Artificial <220> <223> constructed <400> 6
taccaaaaca aaaaaal6 <210> 7 <211> 16 <212> DNA <213> Artificial <220> <223> constructed
<400> 7 tacccaaacc aaacacle <210> 8

THAT WHICH IS CLAIMED

1. A method for producing a polypeptide that selectively recognizes a target DNA
sequence, the method comprising synthesizing a polypeptide comprising a repeat domain,
wherein the repeat domain comprises repeat units derived from a transcription activator-like
{TAL) effector, wherein the repeat units comprise a hypervariable region which determmines
recognition of a base pair in a DNA sequence, wherein the repeat domain recognizes the target
DNA sequence, and wherein the hypervariable region comprises a member selected from the
group consisting of:

{a) HD for recognition of C/G;
) N1 for recognition of A/T;
{c) NG for recognition of T/A;
{d) NS for recogmition of C/G or A/T or T/A or G/C;
{e) NN for recognition of G/C or A/T,
£ 1G for recognition: of T/A;
{g) N for recognition of C/G;
{h) HG for recognition of C/G or T/A;
{i) H for recognition of T/A; and
() NK for recognition of G/C; and
wherein synthesizing the polypeptide comprises assembling the repeat units to generate the repeat

domain,

2. The method of claim 1, wherein the hypervariable region corresponds to amino

acids 12 and 13 in the repeat units.

3. The method of claim 1 or 2, wherein the repeat domain comprises 1.5 to 40.3

repeat umnits.

4. The method of claim 1 or 2, wherein the repeat domain comprises 11.5 to 33.5

repeat units.

3. 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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<211> 16 <212> DNA <213> Artificial <220> <223> constructed 383526seglist.txt <400> 8
taccgaaacg aaagagl6 <210> 9 <211> 16 <212> DNA <213> Atrtificial <220> <223> constructed
<400> 9 taaataaaat aaatatl6 <210> 10 <211> 16 <212> DNA <213> Atrtificial <220>

6. The method of claim 5, wherein the additional domain comprises a bacterial,

viral, fungal, comycete, human, animal, plant, or artificial protein, or part thereof.

7. The method of claim 6, wherein the additional domain comprises a protein or

functional part or domain thereof, that is capable of modifying DNA or RNA,

8. The method of claim 6, wherein the additional domain comprises a 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

deacetyiase.

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 assembied 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.

10. The method of any one of claims 1-9, wherein the repeat units comprise 30 to 40

amino acids.

11. The method of claim 10, wherein the repeat units comprise 33, 34, 35 or 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.

13 The method of claim 12, wherein the polypeptide recognizes all of the base pairs

in the target DNA sequence.
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<223> constructed <400> 10 taggtaaagt aaatatl6 <210> 11 <211> 16 383526secilist.txt <212> DNA
<213> Artificial <220> <223> constructed <400> 11 tatttaaatt aaatatl6 <210> 12 <211> 16 <212>
DNA <213> Artificial <220> <223> constructed <400> 12

14. The method of claim 12, wherein the polypeptide is capable of binding to the
target DNA sequence.

15. A polypeptide produced by the method of any one of claims 1-14, wherein the

polypeptide comprises an artificial repeat domain.

16. The polypeptide of claim 15, wherein the polypeptide is not naturally occurring,

17. A DNA comprising a coding sequence for the polypeptide produced by the

method of any one of claims 1-14, wherein the polypeptide comprises an artificial repeat domain.

18. The DNA of claim 17, wherein the DNA is not naturally occurring.

19. An expression cassette comprising a promoter operably linked to the DNA of
claim 17,

20. A non-human host cell comprising the expression cassette of ¢laim 19,

21. The host celt of claim 20, wherein the host cell is a bacterial cell, a fungal cell, an

animal cell, or a plant cell.

22. A transformed, non-human organism comprising the expression cassette of claim

19.

23. The transformed organism of claim 22, wherein the organism is a fungus, an

animal, or a plant.

24, A method for selectively recognizing base pairs in a DNA sequence by a
polypeptide, the method comprising constructing a polypeptide comprising a repeat domain,
wherein the repeat domain comprises repeat units derived from a TAL effector, wherein the
repeat units comprise a hypervariable region which defermines recognition of a base pairin a
DNA sequence, wherein the repeat domain recognizes the target DNA sequence, and wherein the

hypervariabie region comprises a member selected from the group consisting of*
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tccctaacct cactctle <210> 13 <211> 16 <212> DNA <213> Artificial <220> <223> constructed <400>
13 tgcctaagcet gagtgtle 383526secilist.txt <210> 14 <211> 16 <212> DNA <213> Artificial <220>
<223> constructed <400> 14 ttcctaatct tattttl6 <210> 15 <211> 16 <212> DNA <213> Artificial <220>
<223> constructed <400> 15

{a) HD for recognition of C/G;
{(b) NI for recognition of A/T;
{c) NG for recognition of T/A;
{d) NS for recognition of C/G or A/T or T/A or G/C;
{e) NN for recognition of G/C or A/T;
{H IG for recognition of T/A;
{2) N for recognition of C/G;
{h) HG for recognition of C/G or T/A,;
{i) H for recognition of T/A; and
(i) NK for recognition of G/C; and
wherein consiructing the polypeptide comprises assembling the repeat units to generate the repeat

domain.

25. The method of claim 24, wherein the hypervariable region corresponds to amine

acids 12 and 13 in the repeat units,

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 }1.5 to 33.5

repeat umits,

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 units comprise 30 to

40 amino acids.

30. The method of claim 29, wherein the repeat units comprise 33, 34, 35 or 39

amino acids.

3L The methed of any one of claims 24-30, wherein the repeat domain comprising
repeat units s inserted in a bacterial, viral, fungal, comycete, 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 one or more of the repeat units is derived from the repeat

domains of AvrBs3-like effectors which are further
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tacctccact acatatl6 <210> 16 <211> 16 <212> DNA <213> Artificial 383526secillst.txt <220> <223>
constructed <400> 16 tacctggact agatatl6 <210> 17 <211> 16 <212> DNA <213> Artificial <220>
<223> constructed <400> 17 tacctttact atatat16 <210> 18 <211> 14 <212> DNA <213> Artificial
<220> <223> predicted <400> 18 tattctggga cgttl4 <210> 19

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 controliing 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 info 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 controf 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 an artificial repeat
domain, wherein the artificial 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 domain recognizes the target
DNA sequence, and wherein the hypervariable region comprises a member selected from the
group consisting of:

{(a) HD for recognition of C/G;

{b) NI for recognition of A/T;

(c) NG for recagnition of T/A;

(d) NS for recognition of C/G or A/T or T/A or G/C;
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383526segllst.txt <211> 14 <212> DNA <213> Artificial <220> <223> constructed <400> 19
tattctaaaa cattld <210> 20 <211> 14 <212> DNA <213> Atrtificial <220> <223> constructed <400> 20
tattctccca ccttld <210> 21 <211> 14 <212> DNA <213> Artificial <220> <223> constructed
383526secilist.txt <400> 21

{e) NN for recogmition of G/C or A/T;
(f) 1G for recognition of T/A;

(g) N for recognition of C/G;

(h) HG for recognition of C/G or T/A;
(1) H for recognition of T/A; and

() NK for recognition of G/C.

37. A polypeptide comprising an artificial repeat domain, wherein the artificial
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 domain recognizes the target DNA sequence, and wherein the
hypervariable region comprises a member selected from the group consisting of:

{a) HD for recognition of C/G;

(b) N1 for recognition of A/T;

(c) NG for recognition of T/A;

{d} NS for recognition of C/G or A/T or T/A or G/C;
(e) NN for recognition of G/C or A/T;

{f) IG for recognition of T/A;

(g) N for recognition of C/G;

(h) HG for recognition of C/G or T/A;

(i) H for recognition of T/A; and

(3) NK for recognition of G/C.

38. A DNA comprising a coding sequence for the polypeptide of claim 37.
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tattctttta ctttl4 <210> 22 <211> 14 <212> DNA <213> Artificial <220> <223> predicted <400> 22
tatgcggtcc ctctld <210> 23 <211> 14 <212> DNA <213> Atrtificial <220> <223> predicted <400> 23
tatgggtgcc ctatld <210> 24 <211> 19 <212> DNA <213> Atrtificial 383526seglist.txt <220> <223>
predicted <400> 24 tacccccccc ccccecceecl9 <210> 25 <211> 19 <212> DNA <213> capsicum
annuum

39, A method for producing a DNA comprising a target DNA sequence that is
selectively recognized by a polypeptide comprising a repeat domain, the method comprising
modifying a DNA 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 a DNA

sequence, and wherein the repeat domain recognizes the target DNA sequence,
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<400> 25 tatataaacc taaccatccl9 <210> 26 <211> 19 <212> DNA <213> capsicum annuum <400> 26
tatataaacc tctctattc19 <210> 27 <211> 18 <212> DNA <213> oryza sativa 383526segl1st.txt <400>
27 tagaagaaga gacccatal8 <210> 28 <211> 18 <212> DNA <213> Oryza sativa <400> 28
tagaagagac caatagagl8 <210> 29 <211> 25 <212> DNA <213> Oryza sativa <400> 29 tgcatctccc

cctactgtac accac25 <210> 30 <211> 25 <212> DNA <213> Oryza sativa <400> 30 gatatgtccc
cctccaacta $afaramein the base pair is selected from the group consisting of:

{a) C/G for recognition by HD;

{b) AJST for recognition by NI;

(c) T/A for recognition by NG;

{d) CT or A/T or T/A or G/C for recognition by N§;
{e) G/C or A/T for recogmition by NN;

{H T/A for recognition by IG;

{g) C/G or T/A for recognition by N;

(h) T/A for recognition by HG;

{1 T/A for recognition by H; and

') G/C for recognition by NK.

40. The method of claim 39, wherein the base pair is located in a promoter or other

gene regulatory sequence.

41. The method of claim 39, wherein the DNA is not naturally occurring.
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<210> 31 383526seglist.txt <211> 24 <212> DNA <213> Oryza sativa <400> 31 tataaaaggc
cctcaccaac ccat24 <210> 32 <211> 23 <212> DNA <213> Oryza sativa <400> 32 tataatcccc
aaatcccctc ctc23 <210> 33 <211> 37 <212> DNA <213> Capsicum annuum <400> 33 ttttattata
taaacctaac catcctcaca acttcaa37 <210> 35244y Bs€22> DNA <213> Capsicum annuum
383526seg1list.txt <400> 34 gtiRfigeet thgibbYit tatataataa aattgg36

<110> Bonas, Ulla
Boch, Jens
schornack, Sebastian

L.ahaye, Thomas

<120> Modular DNA-Binding bDomains and Methods of Use

<130> 53409/383526

<150> EP 09165328.7
<151> 2009-07-13

<150> uUSs 61/225,043
<151> 2009-07-13

<150> DE 10 2009 004 659.3
<151> 2009-01~12

<160> 113

<170> PatentIn version 3.3

<210> 1
<211> 34
<212> PRT

<213> Xanthomonas campestris pv. vesicatoria
<400> 1

Led Thr Pro Giu GIn val val Ala Ile Ala Ser His Asp Gly Gly Lys
1 5 10 15
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<210> 35 <211> 30 <212> DNA <213> Capsicum annuum <400> 35 tttattatat aaacctctct attccactaa30
<210> 36 <211> 32 <212> DNA <213> Capsicum annuum <400> 36 gtggaataga gaggtttata taataaaatt
gg32 <210> 37 <211> 35 <212> DNA <213> Atrtificial <220> <223> constructed <400> 37
383526seglist.txt <210> 38 <211> 34 <225 Tohld ¥ xh3phrtificial <220> <223> constructed

GIn Ala Leu Glu Thr val GlIn Arg Leu Leu Pro val Leu Cys Gln Ala
20 25 30

His Gly

<210> 2
<211> 19
<Z212> DNA

<213> aArtificial

<220>
<223> predicted

<220>
<221> misc_feature
<222> (12)..(13)

<223> nis a, ¢, g, or t

<400> 2

tatataaacc thncccict 19

<210> 3
<211> 23
<?212> DNA

<213> Artificial
rPage 2



<400> 38 gtcacaaagg gagaggttta tataaagatg aaga34 <210> 39 <211> 31 <212> DNA <213> Artificial
<220> <223> constructed <400> 39 catctttata taaacctctc cctttgtgac a31 <210> 40 <211> 32 <212>
DNA <213> Artificial <220> <223> constructed 383526seq|! st.txt <400> 40 cacaaaggga gaggtttata
taaagatgaa ga32 <210> 41 <211> 19 <232y b A, 7248 Avtificial <220> <223> constructed <400> 41

<220>
<223>

<400>

tgttattctc acactctect tat

<210>
<211>
<212>
<213>

<220>
<223>

<400>

predicted

3

4
13
DNA

Artificial

predicted

4

tacacccaaa cat

<210>
<Z211>
<212>
<213>

<220>
<223>

<400>

DNA

Artificial

predicted

5

tacctaaact aaatat

23

13

16
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tatataaacc tctccctttl9 <210> 42 <211> 44 <212> DNA <213> Capsicum annuum <400> 42 caattttatt
atataaacct aaccatcctc acaacttcaa gtta44 <210> 43 <211> 44 <212> DNA <213> Capsicum annuum
383526secilist.txt <400> 43 ttgaagttgt gaggatggtt aggtttatat aataaaattg gtcad44 <210> 44 <211> 44
<212> DNA <213> capsicum annuum <4{(x A4 cepattttat fatataaacc tetctattcc actaaaccat cctc44
<210> 45 <211> 46 <212> DNA <213> capsicum annuum <400> 45 gatggtttag tggaatagag aggtttatat
aataagattggtcagg46 <210> 46 <211> 43 <212> DNA <213> Artificial <220> <223> constructed

<211>
<212>
<213>

<220>
<223>

<400>

16

DNA

Artificial

constructed

6

taccaaaaca aaaaaas

<210>
<211>
«212>
<213>

<220>
<223>

<400>

7
16
DNA

Artificial

constructed

7

tacccaaacc aaacac

<210>
<211>
<212>
<213>

<220>
<223>

8
16
DNA

Artificial

constructed

16

16
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383526seglist.txt <400> 46 tcttcatctt tatataaacc tctcectttg tgacattctg agad3 <210> 47 <211> 44 <212>
DNA <213> Atrtificial <220> <223> constructed <400> 47 cagaatgtca caaagggaga ggtttatata
aagatgaaga gagad4 <210> 48 <211> 20 <212> DNA <213> Artificial <220> <223> constructed <400>
48 ccgcggecgc ceccttcacc20 <210> 49 <Pl gap 523> HNA <213> Solanum lycopersicum
383526segllst.txt <400> 49 ttctttcttg tatataactt tgtccaaaat atcatcaatt gatctcatcc atacaattta60 tttttaatcg

aatct75
<400>

8

taccgaaacg aaagag

<210>
<211>
<212>
<213>

<220>
<223>

<400>

9
16
DNA

Artificial

constructed

9

taaataaaat aaatat

<210>
<211>
<212>
<213>

<220>
<223>

<400>

10
16
DNA

Artificial

constructed

10

taggtaaagt aaatat

<210>
<211>

11
16

16

16

16
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<210> 50 <211> 25 <212> DNA <213> Atrtificial <220> <223> sequence generated during cloning
<400> 50 tctagaccca agggtgggeg cgccg25 <210> 51 <211> 13 <212> DNA <213> Artificial <220>
<223> constructed <400> 51 aacacccaaa catl3 <210> 52 <211> 13 <212> DNA <213> Artificial
383526secillst.txt <220> <223> constrlg};ggl_zsg@@h b2 gagacccaaa catl3 <210> 53 <211> 13 <212>
DNAIL213BNAtificial

<213>

<220>
<223>

<400>

Artificial

constructed

11

tatttaaart aaatat

<210>
<211>
<212>
<213>

<220
<223>

<400

12
16
DNA

Artificial

constructed

12

tccctaacct cactct

<210>
<211>
<212>
<213>

<220>
<223>

<400>

13
16
PNA

Artificial

constructed

13

tgcctaagetr gagtgt

16

16

16
Page 6



<220> <223> constructed <400> 53 gacacccaaa catl3 <210> 54 <211> 17 <212> DNA <213>
Artificial <220> <223> predicted 383526secilist.txt <400> 54 tatataaaca catatctl7 <210> 55 <211>
17 <212> DNA <213> Artificial <220> <223> predicted <400> 55 tatataagca cgtatctl7 <210> 56
<211> 23 <212> DNA <213> Artificial <2205 5223 £onstiycted

<210> 14
<211> 16
<212> DNA

<213> Artificial

<220>

<223> constructed

<400> 14

trcctaatct tatttt 16

<210> 15
<211> 16
<212> DNA

<213> aArtificial

<220>

<223> constructed

<400> 15

tacctccact acatat 16

210> 16
<Z211> 16
<212> DNA

<213> artificial
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<400> 56 tgatattctc acactctcct tat23 <210> 57 <211> 23 <212> DNA <213> Atrtificial 383526seglist.txt
<220> <223> constructed <400> 57 tgctattctc acactctcct tat23 <210> 58 <211> 23 <212> DNA <213>
Artificial <220> <223> constructed <400> 58 tggtattctc acactctcct tat23 <210> 59 <211> 150 <212>
DNA <213> Arabidopsis thaliana <400> 98stgttittajasaattitetca catactcaca ctctctataa gacctccaat

catigigraac0

<223>

<400>

constructed

16

tacctggact agatat

<210>
<211>
<212>
<213>

<220>
<223>

<400>

17
16
DNA

Artificial

constructed

i7

tacctttact atatat

<210>
<211>
<212>
<213>

<220>
<223>

<400>

18
14
DNA

artificial

predicted

18

tattctggga cgtt

<210>

19

16

16

14

Page 8



accatactat atataccctc ttccttgacc aatttactta taccttttac aatttgtttal20 383526seglist.txt <210> 60 <211> 19
<212> DNA <213> Artificial <220> <223> predicted <220> <221> misc_feature <222> (4)..(4) <223>n
isa,c, g, ort<220> <221> misc_feature <222> (12)..(13) <223>nis a, ¢, g, or t <400> 60 tctntaaacc
tnnceetctl9 <210> 61 <211> 15 <212> DiyAs s@da3m Avtifigial <220>

<211> 14
<2172> DNA

<2313> Artificial

<220>

<223> constructed

<400> 19

tattctaaaa catt 14

<210> 20
<211> 14
<212> DNA

<213> Artificial

<220>

<223> constructed

<400> 20

tattecteeca ccrt 14

<210> 21
<211> 14
<212> DNA

<213> Artificial

<220>

<223> constructed

Page 9



<223> predicted 383526secilist.txt <400> 61 trtaaacctr accctl5 <210> 62 <211> 23 <212> DNA
<213> Atrtificial <220> <223> predicted <400> 62 tgttattctc acactctcct tat23 <210> 63 <211> 13 <212>
DNA <213> Atrtificial <220> <223> predicted <220> <221> misc_feature <222> (8)..(10) <223>n is a,

C, g, ort 383526secilist.txt

<400>

21

tatictttta cttt

<210>
<211>
<212>
<213>

<220>
<223>

<400>

22
14
DNA

Artificial

predicted

22

tatgcggtcc cict

<210>
<Z213i>
<212>
<213>

<220>
<223>

<400>

23
14
DNA

Artificial

predicted

23

tatgggtgce ctat

<210>
<211>
<212>
<213>

24
19
DNA

artificial

383526seqlist. Xt

i4

14

14
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<400> 63 tacacccnnn catl3 <210> 64 <211> 16 <212> DNA <213> Artificial <220> <223> predicted
<220> <221> misc_feature <222> (6)..(7) <223>nis a, C, g, or t <220> <221> misc_feature <222>
(12)..(12) <223>niis a, ¢, g, or t <400> 64 tacctnnact anatatl6 <210> 65 <211> 17 <212> DNA <213>

Artificial 383526seglist.txt <220>

<220>
<223>

<400>

predicted

24

taccceceeee coeeceece

<210>
<211>
<212>
<213>

<400>

25
19
DNA

Capsicum annuum

25

tatataaacc taaccatcc

<210>
<211>
<212>
<213>

<400>

26
19
DNA,

Capsicum annuum

26

tatataaacc tctctattc

<210>
<211>
<212>
<213>

27
i8
DNA

Oryza sativa

383526seqlist.txt

page 11

i9

19

19



<223> predicted <220> <221> misc_feature <222> (3)..(3) <223>nis a, ¢, g, or t <220> <221>

misc_feature <222> (5)..(5) <223>nis a, c, g, or t <220> <221> misc_feature <222> (13)..(14) <223>
nis a, c, g, or t <400> 65 tananaarca crnntctl7 <210> 66 <211> 18 <212> DNA <213> Atrtificial <220>
<223> predicted

<400>

27

tagaagaaga gacccata

<210>
<211>
<212>
<213>

<400>

28
18
DNA

Oryza sativa

28

tagaagagac caatagag

<210>
<211>
<212>
<213>

<400

29
25
DNA

Oryza sativa

29

tgcatctccc cctactgtac accac

<210>
<211>
<212>
<213>

<400>

30
25
DNA

Oryza sativa

30

gatatgtcec cctecaacta tataa

<210>

31

383526seqgiist.txt

Page 12
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18
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383526seglist.txt <220> <221> misc_feature <222> (4)..(4) <223>nis a, ¢, g, or t <220> <221>

misc_feature <222> (6)..(6) <223>nis a, c, g, or t <220> <221> misc_feature <222> (13)..(13) <223>

nis a, c, g, or t <400> 66 tarntnrrra ranccattl8 <210> 67 <211> 25 <212> DNA <213> Artificial
383526seqglist.txt

<211> 24
<212> DNA

<213> Oryza sativa

<400> 31

tataaaaggc cctcaccaac ccat 24

<210> 32
<211> 23
<Z212> DNA

<213> Oryza sativa

<400= 32

tataatcccc aaatccccte ctc 23

<210> 33
<211> 37
<212> DNA

<213> Capsicum annuum

<400> 33

ttttattata taaacctaac catcctcaca acttcaa 37

<210> 34
<211l> 36
<212> DNA

<213> Capsicum annuum

page 13



<220> <223> predicted <220> <221> misc_feature <222> (5)..(5)383526seglist.txt <223>nis a, c, g,
or t <220> <221> misc_feature <222> (8)..(8) <223>nis a, c, g, or t <220> <221> misc_feature <222>
(23)..(25) <223>nis a, ¢, g, or t <400> 67 trcanctncc attactrtaa aannn25 <210> 68 <211> 24 <212>

DNA <213> Atrtificial <220> 383526seqlist. txt
<400> 34
gttgtgagga tggttaggtt tatataataa aattgg 36
<210> 35
<211> 30
<212> DNA

«213> Capsicum annuum

<400> 35

tttattatat aaacctctct attccactaa 30

<210> 36
<211> 32
<212> DNA

<213> Capsicum annuum

<400> 36

gtggaataga gaggtttata taataaaatt gg 32

<210> 37
<211> 35
<Z212> DNA

<213> Artificial

<220>

<223> constructed

<400> 37

catctttata taaacctctc cctttgtgac attet 35
Page 14



<223> predicted <220> <221> misc_feature <222> (3)..(3) <223>nis a, ¢, g, or t <220>
383526seglist.txt <221> misc_feature <222> (13)..(13) <223>nis a, ¢, g, or t <220> <221>
misc_feature <222> (16)..(17) <223>nis a, ¢, g, or t <220> <221> misc_feature <222> (20)..(20)
<223>nisa,c,g,ort 383526seqlist. txt

<210>
<211>
<212>
<213>

<220>
<223>

<400>

38
34
BPNA

Artificial

constructed

38

gtcacaaagyg gagaggttta tataaagatg aaga 34

<210>
<211>
<212>
<213>

<220>
<223>

<400>

39
31
DNA

Artificial

constructed

39

catctttata taaacctctc cctttgtgac a 31

<210>
<211>
<212>
<213>

40
32
DNA

artificial

Page 15



<220> <221> misc_feature <222> (22)..(23) <223>n is a, ¢, g, or t <400> 68 tanarrrrrc acncannaan
cnnt24 <210> 69 <211> 23 <212> DNA <213> Artificial <220> <223> predicted 383526secilist.txt
<220> <221> misc_feature <222> (6)..(6) <223>nis a, ¢ g, or t <220> <221> misc_feature <222>

(10)..(10) <223>nisa,c, g, ort

<220>
<223>

<400>

constructed

40

cacaaaggga gaggittata taaagatgaa ga

<210>
<211
<212>
<213>

<220>
<223>

<400>

41
19
DNA

artificial

constructed

41

tatataaacc tcrcccttt

<210>
<21%1>
<212>
<213>

<400>

42
44
DNA

Capsicum annuum

42

caattttatt atataaacct aaccatcctc acaacttcaa gtta

<230>
<211>
<212>
<213>

43
44
DNA

Capsicum annuum
Page 16

383526seqlist. txt

32
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44



<220> <221> misc_feature <222> (16)..(16) <223>nis a, c, g, or t <220> <221> misc_feature <222>
(18)..(18) <223>nis a, c, g, or t <220> <221> misc_feature <222> (23)..(23) <223>nisa, c, g, ort
<400> 69 tataanrccn aaatcnrnrc ctn23 <210> 70 <211> 19 383526seglist.txt <212> DNA

<400>

383526seqlist.txt

43

ttgaagttgt gaggatggtt aggtttatat aataaaattyg gtca

<210>
<211>
«212>
<213>

<400>

44
44
DNA

Capsicum annuum

44

ccaattttat tatataaacc tctctattcc actaaaccat cctc

<210>
<211>
<212>
<213>

<400>

45
46
DNA

capsicum annuum

45

gatggtttag tggaatagag aggtttatat aataaaatty gtcagg

<210>
<211>
<212>
<213>

<220>
<223>

46
43
DNA

Artificial

constructed

Page 17

44

44

46



<213> Artificial <220> <223> predicted <220> <221> misc_feature <222> (9)..(9) <223>nis a, c, g, or
t <220> <221> misc_feature <222> (12)..(12) <223>ns a, ¢, g, or t <220> <221> misc_feature <222>
(16)..(16) <223>nis a, ¢, g, or t <400> 70 tataattant antccnctt19 <210> 71 <211> 19 <212> DNA

<213> Artificial

<400>

46

tcttcatett tatataaace tcteccttig tgacattctyg aga

<210>
<211>
<212>
<213>

<220>
<223>

<400>

47
44
DNA

Artificial

constructed

47

cagaatgtca caaagggaga ggtttatata aagatgaaga gaga

<210>
<Z211>
<212>
<213>

<220>
<223>

<400>

48
20
DNA

Artificial

constructed

48

€cgeggecge ccecticace

<210>
<211>
<212>
<213>

49
75
DNA

solanum Tycopersicum
Page 18

383526seqlist.txt
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44

20



3S3S26seqlist.txt <220> <223> predicted <220> <221> misc_feature <222> (15)..(15) <223>n is a, c,
g, or t <400> 71 tataaacctc ttttnccttl9 <210> 72 <211> 17 <212> DNA <213> Atrtificial <220> <223>
predicted <400> 72 tatacacctc ttttactl7 <210> 73 <211> 25 <212> DNA <213> Artificial

383526seqlist.txt

<400> 49

ttctttettg tatataactt tgtccaaaat atcatcaatt gatctcatcc atacaattta 60

tttttaatcg aatct 75

<210> 50
<211> 25
<212> DNA

<213> Artificial

<220>

<223> sequence generated during cloning

<400> 50

tctagaccca agggtgageg cgecg 25

<210> 51
<211> 13
<Z2172> DNA

<213> Artificial

<220>

<223> constructed

<400> 51

aacacccaaa cat 13

Page 19



<220> <223> predicted 383526seglist.txt <400> 73 tacacacctc ctaccacctc tactt25 <210> 74 <211> 19
<212> DNA <213> Artificial <220> <223> predicted <220> <221> misc_feature <222> (15)..(15)
<223>nis a, c, g, or t <400> 74 tataaatctc ttttnccttl9 <210> 75 <211> 19 <212> DNA <213> Attificial

<220> <223> predicted 383526seqlist. txt
<210> 52

<211> 13
<212> DNA

<213> Artificial

<220>

<Z223> constructed

<400> 52

cacacccaaa cat 13

<210> 53
<Z211> 13
<Z212> DNA

<Z213> Artificial

<220>

<223> constructed

<400> 53

gacacccaaa cat i3

<210> 54
<211> 17
<212> DNA

<213> Artificial

<220>
<223> predicted

Page 20



383526secilist.txt <400> 75 tctctatctc aacccctttl9 <210> 76 <211> 19 <212> DNA <213> Atrtificial
<220> <223> predicted <400> 76 tctccatata actccctttl9 <210> 77 <211> 16 <212> DNA <213>
Artificial <220> <223> predicted <220> <221> misc_feature <222> (8)-(8) <223>nis a, c, g, or t
<220> <221> misc_feature 383526seqlist. txt

<400> 54

tatataaaca catatct 17

<210> 55
<211> 17
<212> DNA

<213> Artificial

<220>

<223> predicted

<400> 55

tatataagca cgratct 17

<210> 56
<211> 23
<212> DNA

<213> artificial

<220>

<223> constructed

<400> 56

tgatattctc acactctcct tat 23

<210> 57
<211> 23
<212> DNA

Page 21



383526seglist.txt <222> (10).,(10) <223>nis a, ¢, g, or t <400> 77 tacacatnan accactl6 <210> 78
<211> 15 <212> DNA <213> Atrtificial <220> <223> predicted <220> <221> misc_feature <222>
(10)..(20) <223>niis a, ¢, g, or t <400> 78 tcatccacan cccrtl5 <210> 79 <211> 15 <212> DNA <213>

Artificial <220> 383526seglist.txt 383526seqlist.txt
<213> artificial

<220>

<223> constructed

<4G0> 57

tgctattctc acactctect tat

<210> 58
<211> 23
<212> DNA

<213> Artificial

<220>

<223> constructed

<400> 58

tggtatictc acactcicct tat

<210> 59
<211> 150
<212> DNA

<213> Arabidopsis thaliana

<400> 59

tgtttttata aattttctca catactcaca ctctctataa gacctccaat catttgtgaa

accatactat atataccctec ttccttgacc aatttactta taccttttac aatttgttta

tatattttac gtatctatct ttgttccatg
Page 22
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<223> predicted <400> 79 taccacatar cattrl5 <210> 80 <211> 14 <212> DNA <213> Avrtificial <220>
<223> predicted <220> <221> misc_feature <222> (7)..(8) <223>nis a, ¢, g, or t <400> 80 taaracnnrt
cratld <210> 81 <211> 10 <212> DNA <213> Atrtificial <220> <223> predicted 383526seglist.txt
<400> 81 tcccttrectlO 383526s5eqlist. txt

<210> 60
<211> 19
<212> DNA

<213> Artificial

<220>
<223> predicted

<220>
<221> misc_feature
<222> (4)..(4&)

<223> nisa, C, g, or t

<220>
<221> misc_feature
<222> (12)..(13

<223> nis a, ¢, g, or t

<400> 60

tctntaaacc tancccict 19

<210> 61
<21i> 15
<212> DNA

<213> Artificial

<220>
Page 23



<210> 82 <211> 27 <212> DNA <213> Atrtificial <220> <223> predicted <220> <221> misc_feature
<222> (3)..(3) <223>nis a, c, g, or t <220> <221> misc_feature <222> (6)..(6) <223>nisa, c, g, ort
<220> <221> misc_feature <222> (12)..(14) <223>nis a, ¢, g, or t <220> <221> misc_feature <222>

(17)..(18)
<223> predicted

<400> 61

trtaaacctr accct

<210> 62
<211> 23
<212> DNA

<213> Artificial

<220

<223> predicted

<400> 62

tgttattctc acactctcct tat

<210> 63
<211> 13
<212> DNA

<213> aArtificial

<220>
<223> predicted

<220>
<221> misc_feature
<222> (8)..(10)

<223> nis a, ¢, g, or t

383526seglist.txt

Page 24
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<223>nis a, c, g, or t 383526seglist.txt <220> <221> misc_feature <222> (25)..(27) <223>n is a, C,
g, or t <400> 82 tanaancrcc cnnncennrr atrannn27 <210> 83 <211> 25 <212> DNA <213> Artificial
<220> <223> predicted <220> <221> misc_feature <222> (4)..(4) <223>nis a, c, g, or t <220> <221>
misc_feature <222> (11)..(11) 383526seqlist. txt

<400> 63

tacaccennn cat 13

<210> 64
<211> 16
<212> DNA

<213> Artificial

<220>
<223> predicted

<220> .
<221> misc_feature
<222> (8)..(7)

<223> nisa, ¢, g, or t

<220>
<221> misc_feature
<222> (12)..(01D)

<223> nis a, ¢, g, or t

<400> 64

tacctnnact anatat 16

<210> 65

<211> 17

<212> DNA

<213> Artificial

Page 25



<223>nis a, c, g, or t <400> 83 383526seqglist.txt <210> 84 <211> 18 <212> DNA <213> Artificial
<220> <223> predicted <220> <221> misc_feature <222> (3)..(3) <223>nis a, c, g, or t <220> <221>
misc_feature <222> (5)..(5) <223>nis a, ¢, g, or t <220> <221> misc_feature <222> (9)..(9)

383526seqgiist.txt

<220>
<223> predicted

<220>
<221> misc_Tfeature
<222> (3)..(3)

<223> nisa, ¢, g, or t

<220>
<221> misc_feature
<222> (53..(%)

<223> n is a, ¢, g, or t

<220
«221> misc_feature
<222> (13)..(14)

<223> nisa, c, g, ort

<400> 65

tanahaarca crnntct 17

<210> 66
<211> 18
<212> DNA

<213> aArtificial

<220>
<223> predicted

Page 26



<223>nis a, c, g, or t <220> <221> misc_feature <222> (14)..(14) <223>nisa, c, g, ort
383526seglist.txt <400> 84 tananaccna cacnhacctl8 <210> 85 <211> 21 <212> DNA <213> Artificial
<220> <223> predicted <220> <221> misc_feature <222> (6)..(6) <223>nis a, c, g, or t <220> <221>
misc_feature <222> (14)..(14) 383526seqTist. txt

<220>
<221> wmisc_feature
<222> (4)..{H)

<223> nisa, ¢, g, or t

<220>
<221> wisc Teature
222> (6)..(6)

«223> niisa, ¢, g, or T

<220>
<221> misc_feature
<222> (13)..{13)

<223> nisa, c, g, or t

<400> 66

tarntnrrra ranccatt 18

<210> 67
<Z211> 25
<212> DNA

<213> Artificial

<220>
<223> predicted

<220>
<221> wmwisc_feature

pPage 27



<223>nis a, c, g, or t <220> <221> misc_feature <222> (16)..(16) <223>nis a, ¢, g, or t <220>
<221> misc_feature <222> (20)..(20) <223>nis a, c, g, or t 383526segllst.txt <400> 85 tatrtntara
rarntnratn t21 <210> 86 <211> 17 <212> DNA <213> Artificial <220> <223> predicted <400> 86
tacacacctc ttttaat17 <210> 87 <211> 20 5245 DN 52133 Artificial

<222> (5)..(5)

<223> nis a, €, g, or t

<220>
<221> misc_feature
<222> (8)..(8%

<223> nisa, c, g, or t

<220>
<221> misc_feature
222> (23)..(25)

<223> nis a, ¢, g, or t

<400> 67

trcanctnce attactrtaa aannn 25

<210> 68
<Z211l> 24
<212> DNA

<213> Artificial

<220>
<223> predicted

<220>
<221> misc_Teatuyre
<222> {3)..(3)

<223> nis a, ¢, g, or t

<220>
Page 28



<220> <223> predicted <220> <221> misc_feature <222> (3)..(3) <223>nisa, c, g, ort

383526secilist.txt <220> <221> misc_feature <222> (6)..(6) <223>n s a, c, g, or t <220> <221>

misc_feature <222> (12)..(12) <223>nis a, ¢, g, or t <220> <221> misc_feature <222> (14)..(14)
383526seqlist. txt

<221> misc_feature
<222> (13)..(13)

<223> n is a, ¢, g, or t

<220>
<221> misc_feature
<222> (16)..(17)

<223> nis a, c, g, or t

<220>
<223> misc_feature
<222> (20)..020)

<223> n is a, ¢, g, or t

<220>
<221> misc_Teature
<222> (22)..(23

<223> nis a, ¢, g, or t

<400> 68

tanarrrrrc acncannaan cnnt 24

<210> 69
<211l> 23
<212> DNA

<213> Artificial

<220>
<223> predicted

Page 29



<223>nis a, c, g, or t <220> <221> misc_feature <222> (17)..(18) <223>nis a, c, g, or t <400> 87
tanaancrcc cntncennrt20 <210> 88 <211> 17 <212> DNA <213> Atrtificial <220> <223> predicted
383526segllst.txt <400> 88 tacacatctt taaaactl7 <210> 89 <211> 28 <212> DNA <213> Atrtificial
<220> <223> predicted <220> <221> misg3foalilB1ist . txt :

<220>
<221> wmwisc_feature
<222> (B6)..(8)

<223> nisa, ¢, g, or t

<220>
<221> misc_feature
<222> (10)..(16)

<223> nisa, ¢, g, or t

<220>
<221> misc_feature
<222> (16)..(16)

<223> n isa, ¢, g, or t

<220>
<221> misc. feature
<222> (18)..(18)

<223> nisa, ¢, g, or t

<220>
<221> misc_feature
222> (23)..(23)

<223> nisa, c, g, ort

<400> 69

tataanrccn aaatcnrnre ctn 23

<210> 70

<211> 19
rPage 30



<222> (3)..(3) <223>nis a, ¢, g, or t <220> <221> misc_feature <222> (5)..(5) <223>nisa, ¢, g, ort
<220> <221> misc_feature <222> (9)..(11) <223>nis a, ¢, g, or t <220> <221> misc_feature <222>
(13)..(214) <223>nis a, c, g, or t 383526seglist.txt <220> <221> misc_feature

383526seqglist.txt

<212> DNA

<Z213> Artificial

<220>
<223> predicted

<220>
<221> misc_feature
<222> (9..(9

<223> nis a, ¢, g, or t

<220>
<221> misc. . feature
<222> (12)..(12)

<223> nis a, c, g, or t

<220>
<221> misc_feature
<222> (16)..(16)

<223> n is a, ¢, g, or t

<400> 70

tataattant antccnctt 19

<210> 71
<211> 19
<212> DNA

<213> Artificial

page 31



<222> (16)..(16) <223>nis a, c, g, or t <220> <221> misc_feature <222> (20)..(21) <223>nis a, ¢, g,
or t <220> <221> misc_feature <222> (23)..(23) <223>nis a, ¢, g, or t <400> 89 tananrtrnn
nrnncnccen ncneeect28 <210> 90 <211> 19 <212> DNA <213> Atrtificial <220> <223> predicted

<22£)2>0<221> misc_feature 383526secilEIxr6seqlist. txt
< >

<223> predicted

<220>
<221> misc_feature
<222> (15)..(15)

<223» nis a, ¢, g, or t

<400> 71

tataaaccte ttttncett 19

<210> 72
<211> 17
<212> DNA

<213> Artificial

<220>
<223> predicted

<400> 72

tatacaccte ttttact 17

<210> 73
<211> 25
<212> DNA

<213> Artificial

<220>

<223> predicted
Page 32



<222> (3)..(3) <223>nis a, ¢, g, or t <220> <221> misc_feature <222> (15)..(15) <223>nis a, c, g, or
t <400> 90 tanaaacctc ttttnccttl9 <210> 91 <211> 23 <212> DNA <213> Atrtificial <220> <223>
predicted <220> <221> misc_feature <222> (3)..(3) <223>n s a, c, g, or t <220>

383526seqlist.txt

<400> 73

tacacacctc ctaccacctc tactt 25

<210> 74
<211> 19
<212> DNA

<213> Artificial

<220>
<223> predicted

<220>
<221> misc_feature
<222> (15)..(15%)

<223> nis a, ¢, g, or t

<400> 74

tataaatctc ttttncctt 19

<210> 75
<211= 19
<212> DNA

<213> Artificial

<220>
<223> predicted

Page 33



<221> misc_feature <222> (12)..(14) <223>nis a, c, g, or t 383526segl|1st.txt <400> 91 tanarrarca
cnnncrctcc ctt23 <210> 92 <211> 30 <212> DNA <213> Artificial <220> <223> predicted <220>
<221> misc_feature <222> (3)-(3) <223>nis a, ¢, g, or t <220> <221> misc_feature

383526seglist. txt
<400> 75

tctctatctc aacccctitt 19

<210> 76
<211> 19
<212> DNA

<213> aArtificial

<220>
<223> predicted

<400> 76

tctccatata actcecttt 19

<210> 77
<211> 16
<212> DNA

<213> Artificial

<220>

<223> predicted

<220>
<221> misc_feature
<222> (8)..(8)

<223> nisa, c, g, or t

<220>

<221> misc._feature
Page 34



<222> (5)-(5) <223>niis a, c, g, or t <220> <221> misc_feature <222> (21)..(21) <223>nis a; c, g, or
t <220> <221> misc_feature <222> (28)..(30) <223>nis a, c, g, or t 383526seg1list.txt <400> 92
tananaaacr ccctctaccr narrtrcnnn30 <210> 93 <211> 16 <212> DNA <213> Atrtificial <220> <223>
predicted <220> <221> misc_feature  3g835265eqlist. txt

<222> (10)..(10

<223> nisa, ¢, g, or t

<400> 77

tacacatnan accact 16

<210> 78
<211> 15
<212> DNA

<213> aArtificial

<220>
<223> predicted

<220>
<221> misc_feature
<222> (10)..C10)

<223> n is a, ¢, g, or t

<400> 78

tcatccacan ccort _ 15

<210> 79
<211> 15
<212> DNA

<213> Artificial

<220>
page 35



<222> (6)-(6) <223>niis a, c, g, or t <220> <221> misc_feature <222> (14)..(15) <223>nis a, c, g, or
t <400> 93 tatrtntara racnnt1l6 <210> 94 <211> 17 <212> DNA <213> Atrtificial383526secilist.txt
<220> <223> predicted <220> <221> misc_feature <222> (9)..(10) <223>nis a, c, g, or t <220>

<221> misc_feature 383526seqglist. txt
<223> predicted

<400> 79

taccacatar cattr 15

<210> B0
<Z211> 14
<Z212> DNA

<213> Artificial

<220>
<223> predicted

<220>
<221> misc_feature
<222> (7)..(8)

<223> nisa, ¢, g, or t

<400> 80

taaracnnrt crat 14

<210> 81
<211> 10
<212> DNA

<2313> Artificial

<220>
<223> predicted
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<222> (16)..(16) <223>nis a, ¢, g, or t <400> 94 tarraaacnn rrraancl7 <210> 95 <211> 17 <212>
DNA <213> Artificial <220> <223> predicted <220> <221> misc_feature <222> (3)..(3)
383526seglist.txt <223>nis a, ¢, g, or t <220> <221> misc_feature <222> (5)..(6) <223>nis a, ¢, g,
or t <220> <221> misc_feature 383526seqlist. txt

<400> 81

tcocttrect 10

<210> 82
<211> 27
<212> DNA

<213> Artificial

<220>
<223> predicted

<220>
<221> misc_feature
<222> (3)..(3)

<223> nisa, ¢, g, or t

<220>
<221> misc_feature
<222> (6)..(6)

<223> nisa, ¢, g, or t

<220>
<221> wisc_Teature
«222> (12)..(1d

<223> nis a, ¢, g, or t

<220>
<221> misc_feature
<222> (17)..(18)
Page 37



<222>(9)..(9) <223>nis a, ¢, g, or t <400> 95 tancnnrcnt rrcctctl7 <210> 96 <211> 21 <212> DNA
<213> Artificial <223> predicted <220> <221> misc_feature <222> (3)..(3) <223>nis a, c, g, or t
<220> <221> misc_feature383526secillst.txt <222> (5)-(5) <223>nis a, ¢, g, or t <220> <221>

misc_feature <222> (9)..(11) <223> nis 3§85 Bt ist. txt
<223> nisa, ¢, g, or t

<220>
<221> misc_Teature
<222> (25)..027)

<223> nis a, ¢, g, or t

<400> 82

tahaancrcc cnnnconnrr atrannn 27

<210> 83
<211> 25
<212> DNA

<213> Artificial

<220>
<223> predicted

<220>
«221> misc_feature
<222> (4)..(4

<223> nis a, ¢, g, or t

<220>
<221> misc_feature
<222> (11)..(11)

<223> nisa, c, g, or t

<400> 83

Trontortac nerorerrre rerct 25
Page 38



<220> <221> misc_feature <222> (13)..(14) <223>nis a, C, g, or t <220> <221> misc_feature <222>
(16)..(16) <223>nis a, c, g, or t <400> 96 tananrtrnn nrnnancacc t21 <210> 97 <211> 19 <212> DNA
<213> Artificial <220> <223> predicted 383526seglist.txt <220> <221> misc_feature <222> (3)..(3)

<223>nisa,c,qg,ort 383526seqglist.txt

<210> 84
<211> 18
<212> DNA

<213> Artificial

<220>
<223> predicted

<220>
<221> misc_feature
<222> (..

<223> nis a, ¢, g, or t

<220>
<221> misc_feature
<222> (5)..(5)

<223> nis a, ¢, g, or t

<220>
<221> misc_feature
<222> (9)..(%

<223> nisa, c, g, or t

<220>
<221> misc_feature
<222> (14)..(14)

<223> nisa, c, g, or t
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<220> <221> misc_feature <222> (9)..(9) <223>nis a, ¢, g, or t <220> <221> misc_feature <222>
(11)..(11) <223>nis a, c, g, or t <220> <221> misc_feature <222> (18)..(18) <223>nisa, c, g, ort
<400> 97 tanaaarcnr nrcracrntl9 <210> 98 <211> 21 <212> DNA <213> Atrtificial <220> <223>
predicted 383526seglist.txt 383526seqlist. txt

<400> B4

tananaccna cacnacct 18

<210> 85
<211> 21
<212> DNA

<213> Artificial

<220>
<223> predicted

<220>
<221> misc_Teature
<222> (6)..(6)

<223> nisa, ¢, g, or t

<220>
<221> misc_feature
<222> (14)..(14)

<223> nisa, ¢, g, or t

<220>
<221> misc_feature
«222> (18)..(16)

<223> nis a, ¢, g, or t

<220>
<221> misc_feature
<222> (200..020)

<223> n is a, ¢, g, or ¢
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<220> <221> misc_feature <222> (3)..(6) <223>nis a, ¢, g, or t <220> <221> misc_feature <222>
(8)..(8) <223>nis a, c, g, or t <220> <221> misc_feature <222> (13)..(13) <223>nisa, c, g, ort
<220> <221> misc_feature <222> (16)..(16) <223>nis a, ¢, g, or t <400> 98 tannnncntc rtntcnccar t21
<210> 99 <211> 19 <212> DNA <213> Agi#ficigleqlist. txt

<400> 85

tatrtntara rarntnratn t 21

<210> 86
<211> 17
<212> DNA

<213> Artificial

<220>
<223> predicted

<400> 86

tacacacctc ttttaat 17

<210> 87
<211> 20
<Z212> DNA

<213> Artificial

<220>
<223> predicted

<220>
<221> misc_feature
<222> (3)..(3)

<223> nisa, c, g, or t
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<220> 383526seglist.txt <223> predicted <220> <221> misc_feature <222> (3)..(3) <223>nis a, ¢, g,
or t <220> <221> misc_feature <222> (9)..(9) <223>n s a, ¢, g, or t <220> <221> misc_feature <222>
(11)..(11) <223>nis a, c, g, or t <220> <221> misc_feature <222> (18)..(18)

383526seqlist.txt
<220>

<221> misc._feature
«222> (6)..(6)

<223> nisa, c, g, or t

<220>
«221> misc_feature
<222> (12)..(12)

<223> nisa, c, g, or t

<220
<221> misc_feature
<222> (14)..(14)

<223> nis a, ¢, g, or t

<220>
<221> misc_ feature
«222> (17)..(18)

<223> n is a, ¢, g, or t

<400> 87

tanaancrcc cntnccnnrt 20

<210> 88
<211> 17
<212> DNA

<213> Artificial

<220>
<223> opredicted
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<223>nis a, ¢, g, or t <400> 99 tanaaarcnr nrcracrntl9 <210> 100 <211> 21 <212> DNA <213>
Artificial 383526seglist.txt <220> <223> predicted <220> <221> misc_feature <222> (3)..(6) <223> n
isa,c, g, ort<220> <221> misc_feature <222> (8)..(8) <223>nis a, ¢, g, or t <220> <221>
misc_feature <222> (13)..(13) 3835265eq1ist. txt

<400> 88

tacacatctt taaaact 17

<210> 89
<211> 28
<212> DNA

<213> Artificial

<220>
<223> predicted

<220>
<221> misc_Tfeature
«222> (3)..(3)

<223> nis a, ¢, g, or t

<220>
<2231> misc_Ffeature
222> (5)..(5)

<223> n is a, ¢, g, or t

<220>
<221> misc_feature
<222> (9..{1D

<223> nis a, ¢, g, or t

<220>
<221> misc_feature
<222> (13)..(14)
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<223>nisa, c, g, or t <220> <221> misc_feature <222> (16)..(16) <223>n s a, ¢, g, or t <400> 100
tannnncntc rtntcnccar t21 <210> 101 <211> 21 <212> DNA 383526seglist.txt <213> Atrtificial <220>
<223> predicted <220> <221> misc_feature <222> (6)..(6) <223>n s a, c, g, or t <220> <221>

misc_feature 383526seqTist. txt
<223> nisa, ¢, g, or t

<220>
<221> misc_Teature
<222> (16)..(16)

<223> n is a, ¢, g, or t

<220>
<221> misc_Feature
<222> (20)..Q2L)

<223> nis a, ¢, g, or t

<220>
<221> misc_feature
<222> (23)..023

<223> n is a, ¢, g, or t

<400> B9

tananrtrnn nrnncnccon nencocect 28

<210> 90
<211> 19
<212> DNA

<213> Artificial

<220>
<223> predicted

<220>

<221> misc_feature
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<222> (10)..(10) <223>nis a, ¢, g, or t <220> <221> misc_feature <222> (15)..(16) <223>nis a, ¢, g,
or t <400> 101 tccctnreen aarcnncact t21 <210> 102 <211> 28 <212> DNA <213> Atrtificial <220>
<220> <221> misc_feature <222> (9)-(10) <223>nis a, ¢, g, or t <220>

383526seqgliist.txt
<222> (3)..(3)

<223> niisa, ¢, g, or t

<220>
<221> misc_feature
<222> (15)..(1%)

<223> nis a, ¢, g, or t

<400> 90

tanaaacctc ttttncctit 18

<210> 91
<211> 23
<212> DNA

<213> Artificial

<220>
<223> predicted

<220
<221> misc_feature
<222> (3..(H

<223> nis a, ¢, g, or t

<220
<221> misc.feature
«222> (12)..(14)

<223> nis a, ¢, g, or t
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<221> misc_feature <222> (13)..(13) <223>nis a, C, g, or t <220> <221> misc_feature <222>
(17)..(17) <223>nis a, c, g, or t <220> <221> misc_feature <222> (22)..(23) <223>nisa, c, g, ort
<220> <221> misc_feature <222> (25)..(25) <223>nis a, ¢, g, or t <220> <221> misc_feature <222>

(27)..(27) <223>nisa, c, g, ort 383526seqlist. txt
<400> 91

tanarrarca cnnncrctcc ctt 23

<210> 92
<211> 30
<212> DNA

<213> Artificial

<220>

<223> predicted

<220>
<221> misc_Teature
222> (3)..(3)

<223> nis a, ¢, g, or t

<220>
<221> misc_feature
<222> (5)..(5)

<223> n is a, ¢, g, or t

<220>
<221> misc_feature
<222> QL..(ZL)

<223> nis a, ¢, g, or t

<220>
<221> misc_feature
<222> (28)..030)

<223> n is a, €, g, or t
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383526seglist.txt <400> 102 tccrrttcnn ctnceenrar cnnenrnt28 <210> 103 <211> 14 <212> DNA <213>
Artificial <220> <223> predicted <220> <221> misc_feature <222> (5)..(6) <223>nisa, c, g, ort
<220> <221> misc_feature <222> (8)..(8) <223>n s a, ¢, g, or t <220> <221> misc_feature <222>

(10)..(10) <223>nisa,c, g, ort

383526seqlist. txt

<400> 92

tananaaacr ccctctaccr narrtreonnn 30
<210> 93

<211> 16

<212> DNA

<213> Artificial

<220>

<223> predicted

<220>

<221> misc_feature

<222> (6)..(6)

<223> nisa, c, g, or t

<220>

<221> misc_feature

<222> (34)..{15)

<223> n is a, ¢, g, ort

<400> 93

tatrtpntara racnnt 16

<210>
<211>
<212>

94
17

DNA
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<400> 103 tarannrncn ccctl4 Page 57 383526seglist.txt <210> 104 <211> 25 <212> DNA <213>
Artificial <220> <223> predicted <220> <221> misc_feature <222> (4)..(4) <223>nisa, c, g, ort
<220> <221> misc_feature <222> (8)..(8) <223>n s a, ¢, g, or t <220> <221> misc_feature <222>

(11)..(11) : 383526seqlist. txt
<213> Artificial

<220>
<223> predicted

<220>
<221> misc_feature
<222> (9)..(10)

<223> nis a, ¢, g, or t

<220>
<221> misc_feature
<222> (16)..(16)

<223> nisa, ¢, g, or t

<400> 94

tarraaacnn rrraanc 17

<210> 95
<211> 17
<212> DNA

<213> aArtificial

<220>
<223> predicted

<220>
<221> misc_feature

<222> (3)..(3)
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<223>nis a, c, g, or t <400> 104 trcntcrnac ncrererrrr rrrct25 <210> 105 <211> 22 383526segl1st.txt

<212> DNA <213> Artificial <220> <223> predicted <220> <221> misc_feature <222> (13)..(13)

<223>nis a, c, g, or t <220> <221> misc_feature <222> (17)..(17) <223>nis a, c, g, or t
383526seqglist.txt

<223> nis a, c, g, or t

<220>
<221> misc._ feature
<222> (5)..(6)

<223> nisa, ¢, g, or t

<220>
<221> misc_feature
<222> (9..(D

<223> nisa, ¢, g, or t

<400> 95

tancnnrent rrcctct 17

<210> 96

<211> 21

<212> DNA

<213> Artificial
<220>

<223> predicted

<220>
<221> misc_feature
<222> (..

<223> nis a, ¢, g, or t

<220>
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<220> <221> misc_feature <222> (20)..(22) <223>nis a, ¢, g, or t <400> 105 trcccaarac ccnrrcnren
nn22 <210> 106 <211> 19 <212> DNA <213> Artificial 383526secilist.txt <220> <223> predicted
<220> <221> misc_feature <222> (3)..(3) <223>n s a, ¢, g, or t <220> <221> misc_feature <222>

(9)..(9) <223>nisa,c, g, ort 383526seqlist. txt
<221> misc_Teature

<222> (5)..(5

<223> nisa, ¢, g, or t

<220>
<221> misc_feature
<222 (9..0AD

<223> nis a, ¢, g, or t

<220
«221> misc_feature
<222> (13)..(14)

<223> nisa, ¢, g, or t

<220>
<221> misc_feature
<222> (16)..(16)

<223> nis a, ¢, g, or t

<400> 96

tananrtrnn nrnnancacc t 21

<210> 97
<211> 19
<Z212> DNA

<213> Artificial

<220>
<223> predicted
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<220> <221> misc_feature <222> (11)..(11) <223>nis a, C, g, or t <220> <221> misc_feature <222>
(18)..(18) <223>nis a, ¢, g, or t <400> 106 tanaaarcnr nrcracrntl9 <210> 107 <211> 18 <212> DNA
<213> Artificial 383526seglist.txt <220> <223> predicted <220> <221> misc_feature <222> (2)..(2)

<223>nisa,c,qg,ort 383526seqlist. txt
<220>
<221> misc_feature
<222> (3)..(3)

<223> nis a, ¢, g, or t

<220>
<221> misc_feature
<222> (9..(9

<223> n is a, ¢, g, or t

<220>
<221> misc_feature
<222> (11)..(11)

<223»> nisa, ¢, g, or t

<220>
<221> misc_feature
<222> (18)..(18)

<223> nisa, ¢, g, or t

<400> 97

tanaaarcnr nrcracent 19

<210= 98
<211> 21
<212> DNA

<213> Artificial

<220>
<223> predicted
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<220> <221> misc_feature <222> (15)..(15) <223>n s a, ¢, g, or t <400> 107 tncatattcr atcrnrtrl8
<210> 108 <211> 21 <212> DNA <213> Artificial <220> <223> predicted <220> <221> misc_feature
<222> (2)..(2) 383526secilist.txt <223>n is a, ¢, g, or t <220> <221> misc_feature <222> (18)..(18)
<223>nisa,c, g, ort <400> 108 383526seqlist. txt

<220>
<221> misc.feature
<222> (3)..(6)

<223> n s a, ¢, g, or t

<220>
<221> wmisc_Teature
<222> (8)..(8)

<223> nisa, ¢, g, or t

<220>
<221> misc_Tfeature
<222> (13)..003%

<223> nis a, ¢, g, or t

<220>
<221> misc_feature
<222> (16)..(186)

<223> nis a, c, g, or t

<400> 98

tannnnontc rtntonccar t 21

<210> 99
<211> 19
<212> DNA

<213> Artificial

<220>
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tncatataat tcratcrnrt r21 <210> 109 <211> 20 <212> DNA <213> Atrtificial <220> <223> predicted
<220> <221> misc_feature <222> (13)..(13) <223>nis a, ¢, g, or t <220> <221> misc_feature <222>
(19)..(19) <223>nis a, ¢, g, or t <400> 109 383526secillst.txt <210> 110 <211> 1164 <212> PRT
<213> Xanthomonas campestris pv. vesigaiosigssd 20 <3&1> N-terminus <222> (1)..(288)

<223> predicted

<220>
<221> misc_feature
<222> (3)..(H

<223> n is a, ¢, g, or t

<220>
<221> misc_feature
<222> (.. (D

<223> n is a, ¢, g, or t

<220>
<221> misc_feature
<222> (11)..QL

<223> nis a, c, g, or t

<220>
<221> misc_feature
<222> (18)..(18)

<223> n is a, ¢, g, or t

<400> 99

tahaaarcnr nrcracrnt 19

<210> 1060

<211> 21

<212> DNA

<213> Artificial
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<220> <221> Repeat 1 <222> (289)..(322) <220> <221> Repeat 2 <222> (323)..(356) <220> <221>
Repeat 3 <222> (357)..(390) <220> <221> Repeat 4 <222> (391)..(424) <220> <221> Repeat 5
<222> (425)..(458) 383526seglist.txt <220>

383526seqlist.txt

<220>

<223> predicted

<220>
<221> misc_feature
222> (3)..(6)

<223> nis a, c, g, or t

<220>
<221> misc. feature
<222> (&)..(&)

<223> nis a, ¢, g, or t

<220>
<221> misc_feature
<222> (13)..(13)

<223»> nisa, ¢, g, or t

<220>
<221> misc_feature
<222> (16)..(16)

<223> n is a, ¢, g, or t

<400> 100

tannnncntc rtntonccar t 21

<210> 101
<21i> 21

<212> DNA
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<221> Repeat 6 <222> (459)..(492) <220> <221> Repeat 7 <222> (493)..(526) <220> <221> Repeat
8 <222> (527)..(560) <220> <221> Repeat 9 <222> (561)..(594) <220> <221> Repeat 10 <222>
(595)..(628) <220> <221> Repeat 11 <222> (629)..(662) <220> <221> Repeat 12

383526seqiist.txt

<213> Artificial

<220>
<223> predicted

<220>
<221> misc_feature
<222> (6}..(6)

<223> nis a, ¢, g, or t

<220
<221> misc_feature
<222> (10)..00

<223> n is a, ¢, g, or t

<220>
<221> misc_feature
<222> (15)..(16)

<223> nis a, ¢, g, or t

<400> 101

tcecctnreen aarcnncact t 21

<210> 102
<211> 28
<212> DNA

<213> Artificial

<220
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<222> (663)..(696) <220> <221> Repeat 13 <222> (697)..(730) 383526seqglist.txt <220> <221>
Repeat 14 <222> (731)..(764) <220> <221> Repeat 15 <222> (765)..(798) <220> <221> Repeat 16
<222> (799)..(832) <220> <221> Repeat 17 <222> (833)..(866) <220>

383526seqlist. tXL
<223> predicted

<220>
<221> misc_Feature
<222> (9)..(10)

<223> nisa, ¢, g, or t

<220>
<221> misc_fTeature
<222> (13)..(13)

<223> nisa, ¢, g, or t

<220>
<221> misc_feature
<222> (17)..(17)

<223> n is a, ¢, g, or t

<220>
<221> misc_Teature
<222> (22)..(23)

<223> nis a, ¢, g, or t

<220>
<221> wmisc_feature
<222> (25)..(025)

<223> nisa, ¢, g, or t

<220>
<221> wisc_Teature
<222> (27)..(27)

<223> n is a, ¢, g, or t
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<221> Repeat 17.5 <222> (867)-(886) <220> <221> C-terminus <222> (887)..(1164) <400> 110 met
AS Pro lle Arg Ser Arg Thr Pro ser Pro Ala Arg Glu Leu Leu 151015 383526seglist.txt Pro Gly Pro Gin
Pro Asp Gly Val Gin Pro Thr Ala AS Arg Gly Val 202530 Ser Pro Pro Ala Gly Gly Pro Leu Asp Gly Leu
Pro Ala Arg Arg Thr 354045 Met Ser Argsghs Ak beisPresger Pro Pro Ala Pro Ser Pro Ala Phe
505560 Ser Ala Gly Ser Phe Ser Asp Leu Leu Arg GIn Phe Asp Pro Ser Leu 65 70 75 80 Phe Asn Thr
Ser Leu Phe Asp Ser Leu Pro Pro Phe Gly Ala His His 859095 Thr Glu Ala Ala Thr Gly Glu Trp Asp
GluAdahGlngSer Gly Leu Arg

tccrrttonn ctnccocnrar cnnenrnt

<21(0>
<211>
<212>
<213>

<220>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<400>

103
14
DNA

Artificial

predicted

misc_feature
(5)..(8

nisa, ¢, g, or t

misc_feature
(8)..(8)

nisa, ¢, g, ort

misc_feature
10,.. (10

nisa, ¢, g, or t

103

tarannrncn ccct
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100105110 Ala Ala Asp Ala Pro Pro Pro Thr met Arg Val Ala Val Thr Ala Ala 115120125 Arg Pro Pro
Arg Ala Lys Pro Ala Pro Arg Arg Arg Ala Ala GIn Pro 130135140 383526seglist.txt Ser Asp Ala Ser
Pro Ala Ala GIn val Asp Leu Arg Thr Leu Gly Tyr 145150155160 Ser GIn GIn GIn GIn Glu Lys lle Lys
Pro Lys val Arg Ser Thr Val 165170175 Al &lpslis His Glu Ala Leu val Gly His Gly Phe Thr His Ala
His 180185190 lle Val Ala Leu Ser GIn His Pro Ala Ala Leu Gly Thr Val Ala Val 195200205 Lys Tyr
GIn Asp Met lle Ala Ala Leu Pro Glu Ala Thr His Glu Ala 210215220 lle val Gly val Gly Lys GIn Trp Ser

Gly Ala Arg Ala Leu Glu Ala 225230235240
<210> 104

<211> 25
<212> DNA

<213> Artificial

<220>
<223> predicted

<220>
<221> misc_feature
<222> (4)..(4)

<223> nis a, ¢, g, or t

<220>
<221> misc_feature
<222> (8)..(8)

<223> nis a, ¢, g, or t

<220>
<221> misc_feature
<222> (11)..(1D)

<223> nisa, c, g, or t

<400> 104

trenternac ncrererrrr Frrct 25

<210= 105

<211> 22
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Leu Leu Thr val Ala Gly Glu Leu Arg Gly Pro Pro Leu GIn Leu Asp 245250255 Thr Gly GIn Leu Leu
Lys lle Ala Lys Arg Gly Gly val Thr Ala val 260265270 383526seglistAxt Glu Ala val His Ala Trp Arg
Asn Ala Leu Thr Gly Ala Pro Leu Asn 275280285 Leu Thr Pro Glu GIn val val Ala lle Ala Ser His Asp
Gly Gly Lys 290295300 GIn Ala Leu Glu 3335 Yed &gini Argrbe@u Leu Pro val Leu cys Gin Ala
305310315320 His Gly Leu Thr Pro GIn Gin Val Val Ala lle Ala Ser Asn Gly Gly 325330335 Gly Lys
GIRAR LetGiu Thr Val Gin Arg Leu Leu Pro Val Leu Cys 340345350 Gin Ala His Gly Leu Thr Pro GIn
Gir2zsdvalakla HecAld ser Asn 355360365 Ser Gly Gly Lys Gin Ala Leu Glu Thr val Gin Arg Leu Leu
Pro Val

<220>

<223> predicted

<220>
<221> misc_feature
<222> (13)..(13)

<223> nis a, ¢, g, or t

<220>
<223> misc_Teature
<222> (17)..(17)

<223> nis a, ¢, g, or t

<220>
<221> wmisc_feature
<222> (20)..(22)

<223> nis a, ¢, g, or t

<400> 105

trecccaarac conrrcnrcn nn 22

<210> 106
<211> 19
<212> DNA

<213> Artificial
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370375380 Leu cys Gin Ala His Giy Leu Thr Pro Glu Gin Val val Ala lle Ala 385390395400
383526seglist.txt Ser Asn Gly Gly Gly Lys Gin Ala Leu Glu Thr val Gin Arg Leu Leu 405410415 Pro val
Leu Cys Gin Ala His Gly Leu Thr Pro Glu Gin val val Ala 420425430 lle Ala Ser Asn lle Gly Gly Lys
GIn Ala Leu Glu Thr val Gin Ala 435440463 b egk kgt BroMal Leu Cys Gin Ala His Gly Leu Thr Pro Glu
Glr2&0450455460 Val Ala lle Ala Ser Asn lle Gly Gly Lys GIn Ala Leu Glu Thr val 465470475480 Gin
AI@E%LeHrgaqe@c!_eu Cys Gin Ala His Gly Leu Thr Pro Glu 485490495 GIn val val Ala lle Ala Ser
Asn lle Gly Gly Lys GIn Ala Leu Glu 500505510

«<220>
<221> misc_feature
<222> (3)..(3

<223> nis a, ¢, g, or t

<220>
<221> misc_feature
<222> (9)..(D

<223> n ijs a, ¢, g, or t

<220>
<221> misc_feature
<222> (11)..(1D

<223> nisa, ¢, g, ort

<220>
<2231> misc_feature
<2272>  (18)..(18)

<223> nis a, ¢, g, or t

<400> 106

tanaaarcnr nrcracrni 19

<210> 107
<211> 18
<212> DNA

<213> Artificial
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Thr Val Gin Ala Leu Leu Pro Val Leu Cys GIn Ala His Gly Leu Thr 515520525 383526seglist.txt Pro
Glu Gin val val Ala lle Ala Ser His Asp Gly Gly Lys Gin Ala 530535540 Leu Glu Thr Val Gin Arg Leu
Leu Pro Val Leu Cys Gin Ala His Gly 545550555560 Leu Thr Pro Glu Gin Val Val Ala lle Ala Ser His
Asp Gly Gly Lys 565570575 Gin Ala Leu{ghs I¢yaiak GinAkg Leu Leu Pro Val Leu Cys Gin Ala
580585590 His Gly Leu Thr Pro Gin Gin Val Val Ala lle Ala Ser Asn Gly Gly 595600605 Gly Lys Gin
Ala Leu Glu Thr Val Gin Arg Leu Leu Pro Val Leu Cys 610615620 Gin Ala His Gly Leu Thr Pro Glu Gin
Vak¥ai-Ala lle Ala Ser Asn 625630635640 Ser Gly Gly Lys Gin Ala Leu Glu Thr Val Gin Ala Leu Leu

Pr%ﬁé%L predicted

<220>
<221> misc_feature
<222> (2)..(2)

<223> n is a, ¢, g, or t

<220>
<221> misc_feature
<222> (15)..(15)

<223> nisa, ¢, g, or t

<400> 107

thcatattcr atcrnrtr 18

<210> 108
<211> 21
<212> DNA

<213> Artificial

<220>
<223> predicted

<220>
<221> misc_feature
<222> (2)..(2)
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645650655 Page 70 383526secilist.txt Leu Cys Gin Ala His Gly Leu Thr Pro Glu Gin Val Val Ala lle
Ala 660665670 Ser Asn Ser Gly Gly Lys GIn Ala Leu Glu Thr Val Gin Arg Leu Leu 675680685 Pro Val
Leu Cys GIn Ala His Gly Leu Thr Pro Glu Gin Val Val Ala 690695700 Tie Ala ser His Asp Gly Gly Lys
Gin Ala Leu Glu Thr Val Gin Arg 70571074572 Leti Leu-R¥o Val Leu Cys Gin Ala His Gly Leu Thr Pro
Glud2ir vah 726 2307350VabAla lle Ala Ser His Asp Gly Gly Lys Gin Ala Leu Glu Thr Val 740745750
Gin Arg Leu Leu Pro val Leu Cys Gin Ala His Gly Leu Thr Pro Glu 755760765

<220
<221> misc_feature
<222> (18)..(18)

<223> nis a, ¢, g, or t

<400> 108

tncatataat tcraternet ¢ 21

<210> 1089
<211> 20
<212> DNA

<213> Artificial

<220>
<223> predicted

<220>
<221> wmisc_feature
<222> (13)..(13)

<223> n is a, ¢, g, or t

<220>
<221> misc_feature
<222> (19)..(1%)

<223> nis a, ¢, g, or t

<400> 109

tataacaccCc tcnacatant _ 20
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383526secillst.txt 770775780 Thr Val Gin Arg Leu Leu Pro Val Leu Cys Gin Ala His Gly Leu Thr
785790795800 Pro Gin Gin Val Val Ala lle Ala Ser Asn Gly Gly Gly Arg Pro Ala 805810815 Leu Glu
Thr Val Gin Arg Leu Leu Pro Val Leu Cys Gin Ala His Gly 820825830 Leu Thr Pro Glu Gin Val Val Ala
lle Ala Ser His Asp Gly Gly Lys 8358408436 Al ey Gl¢ Thr Val Gin Arg Leu La Pro Val Leu Cys
Gin Ala 850855860 His Gly Leu Thr Pro Gin Gin Val Val Ala lle Ala Ser Asn Gly Gly 865870875880
Gly Arg Pro Ala Leu Glu Ser lle Val Ala Gin Leu Ser Arg Pro Asp 885890895 383526segl1st.txt
900905910

<210>
<211>
<212>
<213>

<220>
<221>
<222>

<220>
<221>
<222>

<220>
<221>
<222>

<220>
<Z221>
<222>

<220>
<221>
<222>

<220>
<221>
<222>

110
1164
PRT

Xanthomonas campestris pv. vesicatoria

N-terminus

(1)..(288)

Repeat 1
(289)..(322)

Repeat 2
(323>..(356)

Repeat 3
(357 ..(390)

Repeat 4
(391)..(424>

Repeat 5
(425)..(458)
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Leu Gly Gly Arg Pro Ala Leu Asp Ala Val Lys Lys Gly Leu Pro His 915920925 Ala Pro Ala Leu lle Lys
Arg Thr Asn Arg Arg lle Pro Glu Arg Thr 930935940 Ser His Arg Val Ala Asp His Ala GIn val val Arg
Val Leu Gly Phe 945950955960 Phe GIn Cys His Ser His Pro Ala GIn Ala Phe Asp Asp Ala Met Thr
965970975 GIn Phe Gly Met Ser Arg Hissgy A d-suGladkeu Phe Arg Arg Val 980985990 Gly Val
Thr Glu Leu Glu Ala Arg Ser Gly Thr Leu Pro Pro Ala Ser 99510001005 GIn Arg Trp Asp Arg lle Leu
Gln-Alg Ser Gly Met Lys Arg Ala 101010151020 383526seglist.txt Lys Pro Ser Pro Thr Ser Thr Gin
Thr Pro Asp Gin Ala Ser Leu 102510301035 His Ala Phe Ala Asp Ser Leu Glu Arg Asp Leu Asp Ala
Pr6&3dp Repeat 6

<222> (459)..(492)

<220>
<221> Repeati 7
<222> (493)..(526)

<220>
<221> Repeat 8
<222> (527)..(560)

<220>
<221> Repeat 9
<222> (561)..(5%4)

<220>
<221> Repeat 10
<222> (595)..(628)

<220>
<221> Repeat 11
<222> (629)..(662)

<220>
<221> Repeat 12
<222> (663)..(696)

<220>
<Z221> Repeat 13

<222> (697)..(730)
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104010451050 Pro Met His Glu Gly Asp Gin Thr Arg Ala Ser Ser Arg Lys Arg 105510601065 Ser Arg
Ser Asp Arg Ala val Thr Gly Pro Ser Ala Gin Gin Ser 107010751080 Phe Glu Val Arg Val Pro Glu Gin
Arg Asp Ala Leu His Leu Pro 108510901095 Leu Ser Trp Arg Val Lys Arg Pro Arg Thr Ser lle Gly Gly
Gly 110011051110 Leu Pro Asp Pro Glyzkhs ige i Alacfda Asp Leu Ala Ala Ser 111511201125 Ser
Thr val Met Arg Glu GIn Asp Glu Asp Pro Phe Ala Gly Ala 113011351140 383526secilist.txt Ala Asp
Asp Phe Pro Ala Phe Asn Glu Glu Glu Leu Ala Trp Leu 114511501155 Met Glu Leu Leu Pro GIn 1160
<21Pr0111 <211> 1321 <212> PRT <213> Xanthomonas campestris pv. armoraciae

<221> Repeat 14
<222> (731)..(764)

<220>
<221> Repeat 15
<222> (765)..(798)

<220>
<221> Repeat 16
«222> (799)..(832)

<220>
<221> Repeat 17
<222> (833)..(866)

<220>

<221> Repeat 17.5

<222> (867)..(886)

<220>

<2231> C-terminus

<222> (B87)..(1164)

<400> 110

Met Asp Pro Ile Arg Ser Arg Thr Pro Ser Pro Ala Arg Glu Leu Leu

1 5 10 15
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<220> <221> N-terminus <222> (1)..(288) <220> <221> Repeat 1 <222> (289)..(323) <220> <221>
Repeat 2 <222> (324)..(358) <220> <221> Repeat 3 <222> (359)..(393) <220> 383526seglist.txt
<221> Repeat 4 <222> (394)..(428) <220>

383526seqlist.txt
Pro Gly Pro GIn Pro Asp Gly val GlIn Pro Thr Ala Asp Arg Gly val

20 25 30

ser Pro Pro Ala Gly Gly Pro Leu Asp Gly Leu Pro Ala Arg Arg Thr
35 40 45

Met Ser Arg Thr Arg Leu Pro Ser Pro Pro Ala Pro Ser Pro Ala Phe

50 55 60

ser Ala Gly Ser pPhe Ser Asp Leu Leu Arg Gln Phe Asp Pro Ser Leu
65 70 75 80

Phe Asn Thr Ser Leu Phe Asp Ser Leu Pro Pro Phe Gly Ala His His
85 90 95

Thre Glu Ala Ala Thr Gly GIu Trp Asp Glu val Gin Ser Gly Leu Arg
100 105 110

Ala Ala Asp Ala Pro Pro Pro Thr Met Arg val Ala val Thr Ala Ala
115 120 125

Arg Pro Pro Arg Ala Lys Pro Ala Pro Arg Arg Arg Ala Ala Gln Pro
130 135 140
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<221> Repeat 5 <222> (429)..(463) <220> <221> Repeat 6 <222> (464)..(498) <220> <221> Repeat
7 <222> (499)-(533) <220> <221> Repeat 8 <222> (534)..(568) <220> <221> Repeat 9 <222>
(569)..(603) <220> <221> Repeat 10 <222> (604)..(638) <220> <221> Repeat 11

383526seqglist.txt
Ser Asp Ala Ser Pro Ala Ala Gln val Asp Leu Arg Thr Leu Gly Tyr
145 150 155 160

ser Gln GIn G1n GIn Glu Lys Ile Lys Pro iys val Arg Ser Thr val
165 170 175

Ala Gln His His Glu Ala Leu val Gly His Gly pPhe Thr His Ala His
180 185 190

ITe val Ala Leu Ser GIn His Pro Ala Ala Leu Gly Thr val Ala val

195 200 205

Lys Tyr GIn Asp Met Ile Ala Ala Leu Pro Glu Ala Thr His Glu Ala
210 215 220

ITe val Gly val Gly Lys GIn Trp Ser Gly Ala Arg Ala Leu Glu Ala
225 230 235 240

Leu Leuy Thr val Ala Gly Glu Leu Arg Gly Pro Pro Leu GIn Leu Asp
245 250 255

Thr Gly GIn Leu Leu Lys Ile Ala Lys Arg Gly Gly val Thr Ala val
260 265 270
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<222> (639)..(673) <220> 383526secilist.txt <221> Repeat 12 <222> (674)..(708) <220> <221>
Repeat 13 <222> (709)..(743) <220> <221> Repeat 14 <222> (744)..(778) <220> <221> Repeat 15
<222> (779)..(813) <220> <221> Repeat 16 <222> (814)..(848) <220>

383526seqglist.txt

Glu Ala val His Ala Trp Arg Asn Ala bLeu Thr Gly Ala Pro Leu Asn
275 280 285

Leu Thr Pro Glu GIn val val Ala ITe Ala Ser His Asp Gly Gly Lys
290 295 300

GIn Ala Leu Glu Thr val GlIn Arg Leu Lteu Pro val Leu Cys Gin Ala
305 310 315 320

His Gly Leu Thr Pro GIn Gin val val Ala Ile Ala Ser Asn Gly Gly
325 330 335

Gly LYs Gin Ala Leu Glu Thr val GIn Arg Leu Leu Pro val Leu Cys
340 345 350

Gin Ala His Gly Leu Thr Pro GIn Gln val val Ala Ile Ala Ser Asn
355 360 365

Ser Gly Gly Lys G1In Ala teu Glu Thr val GIn Arg Lteu Leu Pro val
370 375 380

teu Cys Gln Ala His Gly Leu Thr Pro Glu Gln val val ala Ile Ala
385 390 395 400
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<221> Repeat 17 <222> (849)..(883) <220> <221> Repeat 18 <222> (884)..(918) <220> <221>
Repeat 19 <222> (919)-(953) 383526secillst.txt <220> <221> Repeat 20 <222> (954)..(988) <220>
<221> Repeat 21 <222> (989)..(1023) <220> <221> Repeat 21.5 <222> (1024)..(1043)

383526seqlist. txt

Ser Asn Gly Gly Gly Lys Gln Ala Leu Glu Thr val GIn Arg Leu lLeu
405 410 415

Pro val Leu Cys GIn Ala His Gly Leu Thr Pro Glu &1In val val Ala
420 425 430

Ile Ala Ser Asn Ile Gly Gly Lys G1n Ala Leu Glu Thr val Gln ala
435 440 445

Leu Leu Pro val Leu Cys GIn Ala His Gly Leu Thr Pro Glu Gln val
450 455 460

val Ala 17e Ala Ser Asn Ile Gly Gly Lys GIn Ala Leu Giu Thr val
465 470 475 480

GIn Ala Leu Leu Pro val Leu Cys Gln Ala His Gly Leu Thr Pro Glu
485 490 495

Gtn val val Ala Ile Ala Ser Asn Ile Gly Gly Lys GIn Ala Leu Glu
500 505 510

Thr val GIn Ala Leu Leu Pro val Leu Cys Gln Ala His Gly Leu Thr
515 520 525
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<220> <221> C-terminus <222> (1044)..(1321) <400> 111 Met Asp Pro lle Arg ser Arg Thr Pro Ser
Pro Ala Arg Glu Leu Leu 151015 Ser Gly Pro Gin Pro Asp Gly Val Gin Pro Thr Ala Asp Arg Gly Val
202530 Ser Pro Pro Ala Gly Gly Pro Leu Asp Gly Leu Pro Ala Arg Arg Thr 354045 Met Ser Arg Thr
Arg Leu Pro Ser Pro Pro Ala Pro Ser Pro3dta Rize p3326042age 78 383526seglist.txt Ser Ala Asp Ser
Phe Ser Asp Leu Leu Arg GIn Phe Asp Pro Ser Leu 65707580 Phe Asn Thr Ser Leu Phe Asp Ser Leu
Pro Pro Phe Gly Ala His His 859095

Pra Glu GIn val val Ala ITe Ala Ser His Asp Gly Gly Lys GlIn Ala
530 535 540

Leu Glu Thr val GIn Arg Leu Leu Pro val Leu Cys Gln Ala His Gly
545 550 555 560

Leu Thr Pro Glu GIn val val Ala Ile Ala Ser His Asp Gly Gly Lys
565 570 575

GIn Ala Leu Glu Thr val Gln Arg Leu Leu Pro Val Leu Cys Gln Ala
580 585 590

His Gly Leu Thr Pro GIn Gln val val Ala Ile Ala Ser Asn Gly Gly
595 600 605

Gly Lys GIn Ala Leu Glu Thr val Gin Arg Leu Leu Pro val Leu Cys
610 615 620

Gln Ala His Gly Leu Thr Pro Gliu Gin val val Ala Ile Ala Ser Asn
625 630 635 640

Ser Gly Gly Lys Gln Ala Leu Glu Thr val GIn Ala Leu Leu Pro val

645 650 655
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Thr Glu Ala Ala Thr Gly Glu Trp Asp Glu Val GIn Ser Gly Leu Arg 100105110 Ala Ala Asp Ala Pro Pro
Pro Thr Met Arg Val Ala val Thr Ala Ala 115120125 Arg Pro Pro Arg Ala Lys Pro Ala Pro Arg Arg Arg
Ala Ala GIn Pro 130135140 Ser Asp Ala Ser Pro Ala Ala Gln val Asp Leu Arg Thr Leu Gly Tyr
145150155160 Ser GIn GIn GIn GIn Glu 1g/s; Hedeys £, kys Val Arg Ser Thr val 165170175
383526seglist.txt 180185190 lle Val Ala Leu Ser GIn His Pro Ala Ala Leu Gly Thr Val Ala Val
195200205 Lys Tyr Gin Asp Met lle Ala Ala Leu Pro Glu Ala Thr His Glu Ala 210215220 lle val Gly Val
Gly Lys Gin Trp Ser Gly Ala Arg Ala Leu Glu Ala 225230235240

Leu Cys Gin Ala His Gly Leu Thr Pro Glu G1n val val Ala Ile Ala
660 665 670

ser Asn ser Gly Gly Lys Gln Ala Leu Glu Thr val GIn Arg Leu Leu
675 680 685

Pro val Leu Cys Gln Ala His Gly Leu Thr pPro Glu Gln val val Ala
690 695 700

ITe Ala Ser His Asp Gly Gly Lys Gln Ala Leu Glu Thr val GIn Arg
705 710 715 720

Leu Leu Pro val Leu Cys Gin Ala His Gly Leu Thr Pro Glu Gin val
725 730 735

val Ala Ile Ala Ser His Asp Gly Gly Lys GIn Ala Leu Glu Thr val
740 745 750

GIn Arg Leu Leu Pro val Leu Cys Gin Ala His Gly Leu Thr Pro Glu
755 760 765

GIn val val Ala ITe Ala Ser His Asp Gly Gly Lys Glin Ala Leu Glu
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Leu Leu Thr Val Ala Gly Glu Leu Arg Gly Pro Pro Leu Gin Leu Asp 245250255 Thr Gly Gin Leu Leu
Lys lle Ala Lys Arg Gly Gly Val Thr Ala Val 260265270 Glu Ala Val His Ala Trp Arg Asn Ala Leu Thr
Gly Ala Pro Leu Asn 275280285 Leu Thr Pro Glu Gin Val Val Ala lle Ala Ser Asn Asn Gly Gly Lys
290295300 383526secilist.txt 3053103353245 P4g1klis ARteu Thr Pro Glu Gin Val Val Ala lle Ala Ser
lle Gly 325330335 Gly Gly Lyg%Gin Ala Leu Glu Thr V& Gin Arg Leu Leu Pro Val Leu 340345350 Cys
Gin Ala Pro His Asp Leu Thr Pro Glu Gin Val Val Ala lle Ala 355360365 Ser Asn Gly Gly Gly Lys Gin
Ala Leu Glu Thr Val Gin Arg Leu Leu 370375380

Thr val GIn Arg Leu Leu Pro val Leu Cys Gln Ala His Gly Leu Thr

785 790 795 8060

Pro GIn Gln val val Ala Ile Ala Ser aAsn Gly &ly Gly Arg Pro Ala
805 810 815

Leu Glu thr val GIn Arg Leu Leu Pro val Leu Cys Gin Ala His Gly
820 825 830

teu thr pro Glu GIn val val Ala Ile Ala Ser His Asp Gly Gly Lys
835 840 845

Gin Ala Leu Glu Thr val Gln Arg Leu Leu Pro val Leu Cys Gin Ala
850 855 860

His Gly Leu Thr Pro GIn Gln val val ala ITe Ala Ser asn Gly Gly
865 870 875 880

Gly Arg Pro Ala Leu GTu Ser Ile val Ala GIn Leu Ser Arg Pro Asp
885 890 895

Pro Ala Leu Ala Ala iteu Thr Asn Asp His Leu val Ala Leu Ala Cys
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Pro Val Leu Cys Gin Ala Pro His Cys Leu Thr Pro Glu Gin val Val 385390395400 Ala lle Ala Ser Asn
lle Gly Gly Lys Gin Ala Leu Glu Thr Val Gin 405410415 Ala Leu Leu Pro val Leu Cys Gin Ala Pro His
Cys Leu Thr Pro Glu 420425430 383526seglistAxt GIn Val Val Ala lle Ala Ser Asn Gly Gly Gly Lys
GIn Ala Leu Glu 435440445 Thr val GIn Aggd-eu4 8y Bra.yal Leu Cys GIn Ala Pro His AS Leu
450455460 Thr Pro Glu GIn Val Val Ala lle Ala Ser Asn Gly Gly Gly Lys GIn 465470475480 Ala Leu
Glu Thr Val Gin 28§ Leu Leu Pro val LEYTys GIn Ala Pro 485280495 His Asp Leu Thr Pro Glu Gin val
val Ala lle Ala Ser His Asp Gly 500505510 Gly Lys Gin Ala Leu Glu Thr val Gin Arg Leu Leu Pro Val
Leu Cys

Leu Gly Gly Arg Pro Ala Leu Asp Ala val Lys Lys Gly Leu Pro His
915 920 925

Ala Pro Ala Leu Ile Lys Arg Thr Asn Arg Arg Ile Pro Glu Arg Thr
930 935 940

Ser His Arg val Ala Asp His Ala GIn val val Arg val Leu Gly prhe
945 250 955 960

Phe GIn Cys His Ser His Pro Ala GlIn Ala Phe Asp Asp Ala Met Thr
965 970 975

GIn Phe Gly Met Ser Arg His Gly Leu lLeu GIn Leu Phe Arg Arg val
980 985 990

Gly val Thr G¢lu Leu Glu Ala Arg Ser Gly Thr Leu Pro Pro Ala Ser
995 1000 1005

Gln Arg Trp Asp Arg ITe Leu GIn Ala Ser Gly Met Lys Arg Ala
1010 1015 1020
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515520525 GIn Ala Pro His Asp Leu Thr Pro GIn Gin Val Val Ala lle Ala Ser 530535540 Asn Gly Gly
Gly Lys Gin Ala Leu Glu Thr Val Gin Arg Leu Leu Pro 545550555560 383526seglist.txt Val Leu Cys
Gin Ala Pro His Asp Leu Thr Pro Glu Gin Val Val Ala 565570575 lle Ala Ser His Asp Gly Gly Lys Gin
Ala Leu Glu Thr Val GIn Arg 580585590 &4k heibR19sYal keu Cys Gin Ala Pro His Asp Leu Thr Pro
GluyGirr5956606050VahVaehlatie Al SahAshrie Gy Gly LyS GiseAladieu Glu Thr 610615620 Val Gin
Ala Ley Leu Pro val Leu Cys Girag?la Pro His Cys Leu Tkt 625630635640 Pro Glu GIn Val Val Ala lle
Ala Ser His Asp Gly Gly Lys Gin Ala 645650655

His Ala Phe Ala Asp Ser Leu Glu Arg Asp Leu Asp Ala Pro Ser
1040 1045 1050

Pro Met His Glu Gly Asp Gin Thr Arg Ala Ser Ser Arg Lys Arg
1055 1060 1065

Ser Arg Ser Asp Arg Ala val Thr Gly Pro Ser Ala GlIn Gin Ser
1070 1075 1080

Phe Glu wval Arg val Pro Glu GlIn Arg Asp Ala Leu His Leu Pro
1085 1090 1095

Ley Ser Trp Arg val Lys Arg Pro Arg Thr Ser Ile Gly Gly Gly
1100 1105 1110

teu Pro Asp Pro Gly Thr Pro _Thr Ala Ala Asp Leu Ala Ala Ser
1115 1120 1125

ser Thr wval Met Arg Glu Gln Asp Glu Asp Pro Phe Ala Gly Ala
1130 1135 1140
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Leu Glu Thr Val Gin Ala Leu Leu Pro Val Leu Cys Gin Ala Pro His 660665670 Asp Leu Thr Pro Glu
GIn Val Val Ala lle Ala Ser Asn lle Gly Gly 675680685 383526secilist.txt Lys Gin Ala Leu Glu Thr val
Gin Arg Leu Leu Pro val Leu Cys GIn 690695700 Ala Pro His Asp Leu Thr Arg Glu Gin val val Ala fie
Ala ser His 705710715720 Asp Gly Gly Lys &igAla Lgu Glu Thr val Gin Arg Leu Leu Pro val
725730735 Leu Cys Gin Ala Pro His Asp Leu Thr Pro Glu Gin val val Ala lle 740745750 Ala Ser Asn
Gy Bly'&ly IAPAReARL Ll BIEMThrAZEl Gl Al Lell 7587606576 b val Leu Cys Gin Ala Pro His
AS LeuThs Pro Glu Gin val 77745780 val Ala lle Ala $gs4is Asp Gly Gly Lys Gin Ala Leu Glu Thr
Val

Met Glu Leu Leu Pro GlIn
1160

<210> 111
<211> 1321
<212> PRT

<213> Xanthomonas campestris pv. armoraciae

<220>
<221> N-terminus

<222> (1D..(288%)

<220>
<221> Repeat 1
<222> (289)..(323)

<220>
<221> Repeat 2
«222> (324)..(358)

<220>
<221> Repeat 3
<222> (359)..(393)

<220>
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785790795800 Gin Arg Leu Leu Pro Val Leu Cys Gin Ala Pro His AS Leu Thr Pro 805810815
383526segll1stAxt Glu Gin Val Val Ala lle Ala Ser Asn Gly Gly Gly Lys GIn Ala Leu 820825830 Glu Thr
Val GIn Arg Leu Leu Pro Val Leu Cys GIn Ala Pro His Asp 835840845 Leu Thr Pro Glu GIn Val Val Ala
lle Ala Ser His Asp Gly Gly Lys 850855860:G}g Algikep @ly Thr val Gln Arg Leu Leu Pro Val Leu Cys
GIM&IM65&7&8:73880 Pro His Asp Leu Thr Pro Glu GIn Val Val Ala lle Ala Ser His Asp 885890895
Glygg Ly%%zf} Glu Thr Val Gin Arg Leu Leu Pro val Leu 900905910 Cys GIn Ala Pro His Asp
Leu Thr P Gln v val Ala lle Ala 915920925

<220>
<221> Repeat 5
<222> (429)..(463)

<220>
<221> Repeat 6
<222> (464)..(498)

<220>
<221> Repeat 7
<222> (499)..(533)

<220>
<221> Repeat 8
<222> (534)..(568)

<220>
<221> Repeat 9
<222> (569)..(603)

<220>
<221> Repeat 10
<222> (604)..(638)

<220>
<221> Repeat 11
<222> (639)..(673)

<220>
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Ser Asn Gly Gly Gly Lys GIn Ala Leu Glu Thr Val GIn Arg Leu Leu 930935940 Page 85
383526seglist.txt Pro Val Leu Cys Gin Ala Pro His Asp Leu Thr Pro Glu Gin Val Val 945950955960
Ala lle Ala Ser Asn Gly Gly Gly Lys Gin Ala Leu Glu Thr Val Gin 965970975 Ala Leu Leu Pro Val Leu
Cys Gin Ala Pro His Asp Leu Thr Pro Glg£80%82990:GinxMal Val Ala lle Ala Ser Asn lle Gly Gly Lys
Gin Ala Leu Glu 99510001005 Thr Val Gin Arg Leu Leu Pro Val Leu Cys Gin Ala Pro His Asp
1018451586883 % drhr Pro Glu Gin Val Val Ala lle Ala Ser Asn Gly Gly Gly 102510301035 Lys Gin
Alact 213 Glge3ey Jle Ry Ala Gin Leu Ser Arg PrO Asp 104010451050

<220>
<221> Repeat 13
<222> (709)..(743)

<220>
<221> Repeat 14
<222> (744 ..(778)

<220>
<221> Repeat 15
<222> (779)..(813)

<220>
<221> Repeat 16
<222> (B814)..(848)

<221> Repeat 17
<222> (849)..(883)

<220>
<221> Repeat 18
<222> (B84)..(918)

<220>
<221> Repeat 19

<222> (919)..(953)
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Pro Ala Leu Ala Ala Leu Thr Asn Asp Arg Leu Val Ala Leu Ala 105510601065 Page 86
383526seq|list.txt cys lle Gly Gly Arg ser Ala Leu Asn Ala Val Lys Asp Gly Leu 107010751080 Pro Asn
Ala Leu Thr Leu lle Arg Arg Ala Asn Ser Arg lle Pro 108510901095 Glu Arg Thr Ser His Leu Val Ala
Asp His Thr Gin Val Val Arg 110011051%%3 sakkgui@hy Blie Phe Gin Cys His Ser His Pro Ala Gin Ala
Phel202511201125 Asp Glu Ala met Thr Gin Phe Gly Met Ser Arg His Gly Leu Leu 113011351140
Gindeu Phe Arg Ayg Val Gly Val Thr Glu Leu Glu Ala Arg Ser 114511501155 Gly Thr Leu Pro Pro Ala

Ser Gin Arg Trp Asp Arg lle Leu Gin 116011651170
<222> (954)..(988)

<220>
<221> Repeat 21
<222> (989)..(1023)

<220>
<221> Repeat 21.5
<222> (1024)..(1043)

<220>
<221> C~terminus

<222> (1044)..(1321)
<4Q0> 111
Met Asp Pro Ile Arg Ser Arg Thr Pro Ser Pro Ala Arg Glu Leu Leu

1 5 10 i5

Ser Gly Pro Glin Pro Asp Gly val Gln Pro Thr Ala Asp Arg Gly val
20 ‘ 25 30

Ser Pro Pro Ala Gly Gly Pro Leu Asp Gly Leu Pro Ala Arg Arg Thr
35 40 45

Met Ser Arg Thr Arg Leu Pro Ser Pro Pro Ala Pro Ser Pro Ala Phe

50 5% 60
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383526seglist.txt 117511801185 Thr Pro AS Gin Ala Ser Lea His Ala Phe Ala Asp Ser Lea Glu
119011951200 Arg Asp Lea Asp Ala Pro Ser Pro Met His Glu Gly Asp GIn Thr 120512101215 Arg Ala
Ser Ser Arg Lys Arg Ser Arg Ser Asp Arg Ala val Thr 122012251230 Gly Pro Ser Ala Gin Gin Ser Phe
Glu val Arg Val Pro Glu Gin 123512401243 fg; Asp; £dad.ga His Lea Pro Lea Lea Ser Trp Gly Val Lys
Arg 125012551260 Pro Arg Thr Arg lle Gly Gly Lea Lea Asp Pro Gly Thr Pro Met 126512701275 Asp
Ala Asp Lea val Ala Ser Ser Thr Val val Trp Glu Gin Asp 128012851290 383526seglist.txt

ser Ala Asp Ser Phe Ser Asp Lau Leu Arg Gln Phe Asp Pro Ser Leu
65 70 75 80

Phe Asn Thr Ser Leu Phe Asp Ser Leu Pro Pro Phe Gly Ala His His
85 90 95

Thr Glu Ala Ala Thr Gly Giu Trp Asp Glu val GIn Ser Gly Leu Arg
100 105 110

Ala Ala asp Ala Pro Pro Pro Thr Met Arg val Ala val Thr Ala Ala

115 120 125

Arg Pro Pro Arg Ala Lys Pro Ala Pro Arg Arg Arg Ala Ala GIn Pro
130 135 140

Ser Asp Ala ser Pro Ala Ala GIn val Asp Leu Arg Thr Leu Gly Tyr
145 150 155 160

Ser GlIn GIn GIn GIn Glu Lys ITe Lys Pro Lys val Arg Ser Thr val
165 170 i75

Ala GIn His His Glu Ala Leu val Gly His Gly Phe Thr His Ala His
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129513001305 Glu Glu Glu Leu Ala Trp Leu Met Glu Leu Leu Pro His 131013151320 <210> 112
<211> 960 <212> PRT <213> Xanthomonas campestris pv. armoraciae <220> <221> N-terminus
<222> (1)..(288) <220> <221> Repeat 1 <222> (289)..(322) <220> <221> Repeat 2 <222>
(323)..(356) <220> <221> Repeat 3 <223z3:35Lk (BAY). 220> <221> Repeat 4

180 185 190

Ile val Ala Leu Ser Gln His Pro Ala Ala teu Gly Thr val ala val
195 200 205

Lys Tyr GIn Asp Met Ile Ala Ala Leu Pro Glu Ala Thr His Glu Ala
210 215 220

Ile val Gly val Gly Lys Gin Trp Ser Gly Ala Arg Ala Leu Glu Ala
225 230 235 240

teu Leu Thr val Ala Gly Glu Leu Arg Gly Pro Pro Leu Gln Leu Asp
245 250 255

Thr Gly GIn Leu Leu Lys Ile Ala Lys Arg Gly Gly val Thr Ala val
260 265 270

Glu Ala val His Ala Trp Arg Asn Ala Leu Thr Gly Ala Pro Leu Asnh
275 280 285

Leu Thr Pro Giu GIn val val Ala ITe Ala Ser Asn Asn Gly Gly Lys
290 295 300

GIn Ala Leu Glu Thr val GIn Arg Lteu Leu Pro val Leu Cys Gln Ala
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383526secillst.txt <222> (391)..(424) <220> <221> Repeat 5 <222> (425)..(458) <220> <221>
Repeat 6 <222> (459)..(492) <220> <221> Repeat 7 <222> (493)..(526) <220> <221> Repeat 8
<222> (527)..(560) <220> <221> Repeat 9 <222> (561)..(594) <220>

383526seqlist. Xt
305 310 315 320

Pro His Asp Leu Thr Pro Glu GlIn val val Ala Ile Ala ser Ile Gly
325 330 335

Gly Gly Lys Gln Ala reu Glu Thr val GIn Arg Leu Leu Pro val Leu
340 345 350

Cys Gln Ala Pro His Asp Leu Thr Pro Glu GIn val val ala ITe Ala
355 360 365

Ser Asn Gly Gly Gly Lys GIn Ala teu Glu Thr val GlIn Arg Leu Leu
370 375 380

Pro val Leu Cys Gin Ala Pro His Cys Leu Thr Pro Glu ¢ln val val
385 390 395 400

Ala ITte Ala Ser aAsn Ile Gly Gly Lys Gln Ala Leu GTu Thr val &in
405 410 415

Ala Leu Leu Pro val Leu Cys GIn Ala Pro His Cys Leu Thr Pro Glu
420 425 430
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<221> Repeat 10 <222> (595)..(628) <220> <221> Repeat 11 <222> (629)..(662) <220> <221>
Repeat 11.5 383526seglist.txt <222> (663)-(682) <220> <221> C-terminus <222> (683)-(960) <400>
112 met Asp Pro lle Arg Ser Arg Thr Pro Ser Pro Ala Arg Glu Leu Leu 151015 Ser Gly Pro Gin Pro

Asp Gly Val Gin Pro Thr Ala Asp Arg GI\3% Z832530s8etro Pro Ala Gly Gly Pro Leu Asp Gly Leu
prg'lma\/g&gv)g(ﬂgﬁﬂﬁr Ile Ala Ser Asn Gly Gly Gly Lys Gln Ala Leu GTu

435 440 445

Thr val Gln Arg Leu Leu Pro val Leu Cys Gln Ala Pro His Asp Leu
450 455 460

Thr Pro Glu Gln val val Ala ITe Ala Ser Asn Gly Gly Gly Lys GIn
465 470 475 480

Ala teu Glu Thr val GIn Arg Leu Leu Pro val Leu Cys Gln Ala Pro
485 490 495

His Asp Leu Thr Pro Glu Gln val val Ala ITe Ala Ser His Asp Gly
500 505 510

Gly Lys Gin Ala teu Glu Thr val 6Tn Arg Leu Leu Pro val Leu Cys
515 520 525

GIn Ala Pro His Asp Leu Thr Pro Gin GlIn val val Ala Ile Ala Ser
530 535 540

Asn Gly Gly Gly Lys Gin Ala Leu Glu Thr val GIn Arg Leu Leu Pro
545 550 555 560
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354045 met Ser Arg Thr Arg Leu Pro Ser Pro Pro Ala Pro Ser Pro Ala Phe 505560 Ser Ala Asp Ser
Phe Ser Asp Leu Leu Arg Gin Phe Asp Pro Ser Leu 65707580 Phe Asn Thr Ser Leu Phe Asp Ser Leu
Pro Pro Phe Gly Ala His His 859095 383526seqlist.txt Thr Glu Ala Ala Thr Gly Glu Trp Asp Glu Val
GIn Ser Gly Leu Arg 100105110 Ala Ala A Adadgna firo-R¥o Thr Met Arg Val Ala Val Thr Ala Ala
115120125 Arg Pro Pro Arg Ala Lys Pro Ala Pro Arg Arg Arg Ala Ala_GIn Pro 130135140 Ser Asp Ala
SeYaBrd‘%a%% &l ‘@llf“APsﬁ? L'élfA@r@pTh?‘teW E;Ig'/’"?yﬂ'ﬂﬂﬁbi@%lﬁ) Stl%GIn GIn GIn GIn Glu Lys lle
Lys Pro Lys Val Arg $&3 Thr Val 16517017%70 575

ITe Ala Ser His Asp Gly Gly Lys GIn Ala Leu Glu Thr val Gln Arg
580 585 590

Leu Leu Pro val Leu Cys GIn Ala Pro His Asp Leu Thr Pro Glu Gln
595 600 505

val val Ala ITe ATa Ser Asn Ile Gly Gly Lys GIn Ala Leu Glu Thr
610 615 620

val GIn Ala Leu Leu Pro val Leu Cys GIn Ala Pro His Cys Leu Thr
625 630 635 640

Pro Glu GIn val val Ala Ile Ala Ser His Asp Gly Gly Lys Gin Ala
645 650 655

Leu Glu Thr val GIn Ala Leu Leu Pro val Leu Cys Gln Ala pPro His
660 665 670

Asp Leu Thr Pro Glu Gln val val Ala Ile Ala Ser Asn Ile Gly Gly
675 680 685
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Ala GIn His His Glu Ala Leu val Gly His Gly Phe Thr His Ala His 180185190 lle Val Ala Leu Ser Gin
His Pro Ala Ala Leu Gly Thr Val Ala Val 195200205 Lys Tyr Gln Asp Met lle Ala Ala Leu Pro Glu Ala
Thr His Glu Ala 210215220 383526seglist.txt lle Val Gly Val Gly Lys Gin Trp Ser Gly Ala Arg Ala Leu
Glu Ala 225230235240 Leu Leu Thr Val £dasGhe Glu:leuAkg Gly Pro Pro Leu Gin Leu Asp 245250255
Thr Gly Gin Leu Leu Lys lle Ala Lys Arg Gly Gly val Thr Ala Val 260265270 Glu Ala Val His Ala Trp

Arg Asn-Al r Pro Ley Asn 27 0285 Leu, Thr Pro Glu Gin val Val Ala lle Ala Ser Asn
Ilegaé%y %@aﬁbsg Lzﬁglonzégoﬁgir\{%la%uééu" L%rq\‘/ejf gfjr?AlﬁaTLéﬁuLgﬂsPﬁr\]/al Leu Cys Gin Ala
690 695 700

Ala Pro His Asp Leu Thr Arg Glu Gln val val Ala Ile Ala Ser His
705 710 715 720

Asp Gly Gly Lys GIn Ala Leu Glu Thr val Gln Arg Leu Leu Pro val
725 730 735

Leu Cys Gin Ala Pro His Asp Leu Thr Pro Glu GIn val val Ala Ile
740 745 750

Ala ser Asn Gly Gly Gly Lys GIn Ala Leu Glu Thr val GIn Arg Leu
755 760 765

Leu Pro val Leu Cys GIn Ala Pro His Asp Lteu Thr Pro Glu Gin val

770 775 780

val Ala Ile Ala Ser His Asp Gly Gly Lys G1n Ala Leu Glu Thr val
785 790 795 800

Gin Arg Leu teu Pro val Leu Cys Glin Ala Pro His Asp Leu Thr Pro
805 810 815
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305310315320 His Gly Leu Thr Pro Gin Gin Val Val Ala lle Ala Ser His Asp Gly 325330335 Gly Lys
Gin Ala Leu Glu Thr Val Gin Arg Leu Leu Pro Val Leu cys 340345350 383526seglist.txt Gin Ala His
Gly Leu Thr Pro Glu Gin Val Val Ala lle Ala Ser Asn 355360365 lle Gly Gly Lys Gin Ala Leu Glu Thr
Val Gin Ala Leu Leu Pro val 370375380 LeicSys.Gln Ala-kis Gly Leu Thr Pro Glu Gin Val Val Ala lle
Ala 385390395400 Ser His Asp Gly Gly Lys Gin Ala Leu Glu Thr Val Gin Arg Leu Leu 405410415 Pro
Val Leu Cys Gin Ala His Gly Leu Thr Pro Gin Gin val val Ala 420425430 lle Ala Ser His Asp Gly Gly

LyseirsMaauvaiu A1y YabGinaAsg 4334408 %1y Gly Lys G1n Ala Leu
820 825 830

Glu Thr val 6In Arg Leu Leu Pro val Leu Cys Gin Ala Pro His Asp
835 840 845

Leu Thr Pro Glu GIn val val Ala Ile Ala 3er His Asp Gly Gly Lys
850 855 860

GIn Ala Leu Glu Thr val G1n Arg Leu Leu Pro val Leu Cys Gln Ala

865 870 875 880

Pro His Asp Leu Thr Pro Glu GIn val val Ala Ile Ala Ser His Asp
885 890 895

Gly Gly Lys Gln Ala Leu GTu thr val G¢Tn Arg Leu Leu Pro val Leu
900 a05 910

Cys GIn Ala Pro His Asp Leu Thr Pro Glu GIn val val Ala Ile Ala
915 920 925

ser Asn Gly Gly Gly Lys Gin Ala Leu Glu Thr val GIn Arg Leu Leu
930 935 940
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Leu Leu Pro Val Leu Cys Gin Ala His Gly Leu Thr Pro GIn Gin val 450455460 val Ala lle Ala Ser His
Asp Gly Gly Lys Gin Ala Leu Glu Thr Val 465470475480 Page 94 383526secillst.txt Gin Arg Leu Leu
Pro Val Leu Cys Gin Ala His Gly Leu Thr Pro Gin 485490495 Gin val val Ala lle Ala Ser Asn Ser Gly
Gly Lys Gin Ala Leu Glu 500505510 Thr ygd &l Argl.eu Lgu Pro Val Leu Cys Gln Ala His Gly Leu Thr
515520525 Pro Gin Gin val val Ala lle Ala Ser Asn Ser Gly Gly Lys GIn Ala 530535540 Leu Glu Thr
Val Gin Arg Leu Leu Pro val Leu Cys Gin Ala His Gly 545550555560 Leu Thr Pro GIn GIn Val Val Ala

lle Ala Ser Asn Ser Gly Gly Lys 565570575
Pro val Leu Cys GIn Ala Pro His Asp Leu Thr Pro Glu ¢In val val

945 850 955 960

Ala ITe Ala Ser Asn Gly Gly Gly tys GIn Ala Leu Glu Thr val Gln
965 970 975

Ala Leu Leu Pro val Leu Cys Gln Ala Pro His Asp Leu Thr Pro Glu
980 985 990

Gln val val ala ITe Ala Ser Asn ITe Gly Gly Lys GIn Ala Leu Glu
995 1000 1005

Thr val Gin Arg Leu Leu Pro val Leu Cys Gln Ala Pro His Asp
1010 1015 1020

Leu Thr Pro Glu Gin val val Ala ITe Ala Ser Asn Gly Gly Gly
1025 1030 1035

Lys GIn Ala Leu Glu Ser Ile Phe Ala Gin Leu Ser Arg Pro Asp
1040 1045 1050

Pro Ala Leu Ala Ala Leu Thr Asn Asp Arg Leu val Ala Leu Ala

1055 1060 1065
Page B6



Gin Ala Leu Glu Thr Val GIn Arg Leu Leu Pro Val Leu Cys Gin Ala 580585590 383526seglist.txt
595600605 Gly Lys Gin Ala Leu Glu Thr Val Gin Arg Leu Leu Pro Val Leu Cys 610615620 Gin Ala His
Gly Leu Thr Pro Glu Gin Val Val Ala lle Ala Ser Asn 625 630 635 640 lle Gly Gly Lys GIn Ala Leu Glu
Thr Val Gin Arg Leu Leu Pro Val 645650655 ieie £ys GirkAla His Gly Leu Thr Pro Gin Gin Val Val Ala
lle Ala 660665670 Ser Asn Gly Gly Gly Arg Pro Ala Leu Glu Ser lle Val Ala Gin Leu 675680685 Ser
Arg Pro Asp Pro Ala Leu Ala Ala Leu Thr ASI1 Asp His Leu Val 690695700 Ala Leu Ala Cys Leu Gly
Gly Arg Pro Ala Leu Asp Ala Val Lys Lys 705710715720 383526secillst.txt

Cys tle Gly Gly Arg Ser Ala Leu Asn Ala val Lys Asp Gly Leu
1070 1075 1080

Pro Asn Ala Leu Thr Leu ITe Arg Arg Ala Asn Ser Arg Ile Pro
1085 1080 1085

Glu Arg Thr Ser His Leu val Ala Asp His Thr GIn val val Arg
1100 1105 1110

val Leu &ly Phe Phe GIn Cys His Ser His Pro Ala Glin Ala Phe
1115 1120 1125

Asp Glu Ala Met Thr GIn Phe Gly Met Ser Arg His Gly Leu Leu
1130 1135 1140

Gln Leu Phe Arg Arg val Gly val Thr Glu Leu GIu Ala Arg Ser
1145 1150 1155

Gly Thr Leu Pro Pro Ala Ser Gin Arg Trp Asp Arg Ile Leu GIn
1160 1165 1170

Ala ser Gly Met Lys Arg Ala Lys Pro Ser Pro Thr Ser Thr Gin
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725730735 Pro Glu Arg Thr Ser His Arg Val Ala Asp His Ala Gin Val Val Arg 740745750 Val Leu Gly
Phe Phe Gin Cys His Ser His Pro Ala Gln Ala Phe Asp 755760765 Asp Ala Met Thr Gin Phe Gly Met
Ser Arg His Gly Leu Leu Gin Leu 770775780 Phe Arg Arg Val Gly Val Thr Glu Leu Glu Ala Arg Ser Gly
Thr Leu 785790795800 Pro Pro Ala Ser §3itsA8gebm3 &sp-#¥g lle Leu Gin Ala Ser Gly Met 805810815
Lys ArglMa Lys Pro Ser Pro TRid8@r Thr Gin Thr Pro AsiB&in Ala 820825830 Ser Leu His Ala Phe Ala
AS Ser Leu Glu Arg Asp Leu Asp Ala Pro 835840845 383526secillst.txt Ser Pro Met His Glu Gly Asp
Gin Thr Arg Ala Ser Ser Arg Lys Arg 850855860

Thr Pro Asp Gin Ala Ser Leu His Ala Phe Ala Asp Ser teu Glu
1190 1195 1200

Arg Asp Leu Asp Ala Pro Ser Pro Met His Glu Gly Asp Gin Thr
1205 1210 1215

Arg Ala Ser Ser Arg Lys Arg Ser Arg Ser Asp Arg Ala val Thr
1220 1225 1230

Gly Pro Ser ala Gin Gln Ser pPhe Glu val Arg val Pro Glu GIn
1235 1240 1245

Arg Asp Ala Leu His Leu Pro Leu Leu Ser Trp Gly val Lys Arg
1250 1255 1260

Pro Arg Thr Arg Ile Gly Gly Leu Leu Asp Pro Gly Thr Pro Met
1265 1270 1275

Asp Ala Asp Leu val Ala Ser Ser Thr val val Trp Glu Gin Asp
1280 1285 1290

Ala Asp Pro phe Ala Gly Thr Ala Asp Asp Phe Pro Ala Phe Asn
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Ser Arg Ser Asp Arg Ala Val Thr Gly Pro Ser Ala Gin Gin Ser Phe 865870875880 Glu Val Arg Val Pro
Glu Gin Arg Asp Ala Leu His Leu Pro Leu Leu 885890895 Ser Trp Gly Val Lys Arg Pro Arg Thr Arg lle
Gly Gly Leu Leu Asp 900905910 Pro Gly Thr Pro Met Asp Ala Asp Leu Val Ala Ser Ser Thr Val Vval
915920925 Trp Glu Gin Asp Ala Asp Prospe fdadshed hnAla Asp Asp Phe Pro 930935940 Ala Phe
Asn Glu Glu Glu Leu Ala Trp Leu Met Glu Leu Leu Pro Gin 945 950 955 960 <210> 113 <211> 1062
<212> PRT <213> Xanthomonﬁ%oeampestris pv. armoradae Page 98 383526seglist.txt <220> <221>
N-terminus

Glu Glu  GIu Leu Ala Trp Leu Met Glu Leu Leu Pro His
1310 1315 1320

<210> 112
<211> 960
<212> PRT

<213> Xanthomonas campestris pv. armoraciae

<220>
<221> N-terminus

<222> (1)..(288)

<220>
<221> Repeat 1
<222> (289)..(322)

<220>
<221> Repeat 2
<222> (323)..(356)

<220>
<221> Repeat 3
<222> (357)..(390)

<220>
<221> Repeat 4
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<222> (1)..(288) <220> <221> Repeat 1 <222> (289)..(322) <220> <221> Repeat 2 <222>
(323)..(356) <220> <221> Repeat 3 <222> (357)..(390) <220> <221> Repeat 4 <222> (391)..(424)
<220> <221> Repeat 5 <222> (425)-(453) <220> <221> Repeat 6 <222> (459)..(492)

: 383526seqlist.txt
<222> (391)..(424)

<220>
<221> Repeat 5
<222> (425)..(458)

<220>
<221> Repeat 6
<222> (459)..(492)

<220>
<221> Repeat 7
<222> (493)..(526)

<220>
<221> Repeat 8
<222>  (527)..(560)

<220>
<221> Repeat 9
<222> (561)..(5%4)

<220>
<221> Repeat 10
<222> (595)..(628)

<220>
<221> Repeat 11
<222> (629)..(662)

<220>

<221> Repeat 11.5
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<220> 383526seglist.txt <221> Repeat 7 <222> (493)..(526) <220> <221> Repeat 8 <222>
(527)..(560) <220> <221> Repeat 9 <222> (561)-(594) <220> <221> Repeat 10 <222> (595)-(628)
<220> <221> Repeat 11 <222> (629)..(662) <220> <221> Repeat 12

383526seqlist. txt
<222> (663)..(682)

<220>

<221> C-terminus

<222> (683)..(0(960)

<400> 112

Met Asp Pro Ile Arg Ser Arg Thr Pro Ser Pro Ala Arg Glu Leu Leu

1 5 10 15

Ser Gly Pro GIn Pro Asp Gly val Gin Pro Thr Ala Asp Arg Gly val
20 25 30

ser Pro Pro Ala Gly Gly Pro Leu Asp Gly Leu Pro Ala Arg Arg Thr
35 40 45

Met Ser Arg Thr Arg Leu Pro Ser Pro Pro Ala Pro Ser Pro Ala pPhe

Ser Ala Asp Ser Phe Ser Asp Leu Leu Arg Gln Phe Asp Pra Ser Leu
65 70 75 80

Phe Asn Thr Ser Leu Phe Asp Ser Leu Pro Pro Phe Gly Ala His His
85 90 95
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<222> (663)..(696) <220> <221> Repeat 13 <222> (697)..(730) <220> <221> Repeat 14 <222>
(731)-(764) <220> 383526seglist.txt <221> Repeat 14.5 <222> (765)..(784) <220> <221> C-terminus
<222> (785)..(1062) <400> 113 Met Asp Pro lle Arg Ser Arg Thr Pro Ser Pro Ala Arg Glu Leu Leu
151015 Ser Gly Pro Gin Pro Asp Gly Vakgig R dhrsAla fsp Arg Gly Val

Thr Glu Ala Ala Thr Gly Glu Trp Asp Glu val GlIn Ser Gly Leu Arg
100 105 110

Ala Ala Asp Ala Pro Pro Pro Thr Met Arg val Ala val Thr Ala Ala
115 120 125

Arg Pro Pro Arg Ala Lys Pro Ala Pro Arg Arg Arg Ala Ala GIn Pro
130 135 140

Ser Asp Ala Ser Pro Ala Ala GIn val Asp Leu Arg Thr Leu Gly Tyr
145 150 155 160

Ser GIn GIn GIn Gin Glu Lys Ile Lys Pro Lys val Arg Ser Thr val
165 170 175

Ala GlIn His His Glu Ala Leu val Gly His Gly Phe Thr His Ala His
180 185 120

ITe val Ala Leu Ser GIn His Pro Ala Ala Leu Gly Thr val Ala val

195 200 205

Lys Tyr GIn Asp mMet Ile Ala Ala ieu Pro Glu Ala Thr His Glu Ala

210 215 220
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202530 ser Pro Pro Ala Gly Gly Pro Leu Asp Gly Leu Pro Ala Arg Arg Thr 354045 Met Ser Arg Thr Arg
Leu Pro Ser Pro Pro Ala Pro Ser Pro Ala Phe 505560 Ser Ala Asp Ser Phe Ser Asp Leu Leu Arg Gin
Phe Asp Pro Ser Leu 65707580 Phe Asn Thr Ser Leu Phe Asp Ser Leu Pro Pro Phe Gly Ala His His
859095 383526secilist.txt Thr Glu Ala Al J4weedy Glki TERAsp Glu Val Gin Ser Gly Leu Arg
100105110 Ala Ala Asp Ala Pro Pro Pro Thr Met Arg Val Ala Val Thr Ala Ala 115120125 Arg Pro Pro
Arg Ala Lys Pro Ala Pro Arg Arg Arg Ala Ala Gin Pro 130135140 Ser Asp Ala Ser Pro Ala Ala Gin Val
AsplleeuaArg TThivheus®ly thy t3b 1521601y Ala Arg ATa Leu Glu Ala

225 230 235 240

Leu Leu Thr val Ala Gly Glu Leu Arg Gly Pro Pro Leu Gln Leu Asp
245 250 255

Thr Gly GIn Leu Leu Lys ITe Ala Lys Arg Gly Gly val Thr Ala val
260 265 270

Glu Ala val His Ala Trp Arg Asn Ala Leu Thr Giy Ala Pro Leu Asn
275 280 285

teu Thr Pro Glu Gln val val Ala I1e Ala Ser Asn Ile Gly Gly Lys
290 295 300

Gin Ala Leu Giu Thr val GIn Arg Leu Leu Pro val Leu Cys GIn Ala
305 310 315 320

His Gly Leu Thr Pro Gln GIn val val Ala TIle Ala Ser His Asp Gly
325 330 335

Gly Lys GlIn Ala Leu Glu Thr val Gln Arg Leu Leu Pro val Leu Cys
340 345 350
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Ser Gin Gin Gin Gin Glu Lys lle Lys Pro Lys val Arg 5er Thr val 165170175 Ala Gin His His Glu Ala
Leu Val Gly His Gly Phe Thr His Ala His 180185190 lle Val Ala Leu Ser Gin His Pro Ala Ala Leu Gly
Thr Val Ala val 195200205 Lys Tyr Gin Asp met lle Ala Ala Leu Pro Glu Ala Thr His Glu Ala
210215220 Page 102 383526seglist.txtsle Mak@ly \al @ly Lys Gin Trp Ser Gly Ala Arg Ala Leu Glu
Ala 225230235240 Leu Leu Thr Val Ala Gly Glu Leu Arg Gly Pro Pro Leu Gin Leu Asp 245250255 Thr
Gly Gin Leu Leu Lys lle Ala Lys Arg Gly Gly Val Thr Ala val 260265270 Glu Ala Val His Ala Trp Arg

Asn Ala Leu Thr Gly Ala Pro Leu Asn 275280285
Gin Ala His Gly Leu Thr Pro Glu GIn val val ala Ile Ala Ser Asn

355 360 365

Ile Gly Gly Lys Gln Ala Leu Glu Thr val GIn Ala Leu Leu Pro val
370 375 380

Leu Cys GIn Ala His Gly Leu Thr Pro Glu Gln val val Ala Ile Ala
385 330 395 400

Ser His Asp Gly Gly Lys Gin Ala Leu Glu Thr val Gln Arg Leu Leu
405 410 415

Pro val Leu Cys Gln Ala His Gly Leu Thr Pro GIn GIn val val Ala
420 425 430

Ile Ala Ser His Asp Gly Gly Lys GIn Ala Leu Glu Thr val GIn Arg
435 = 440 445

Leu Leu Pro val Leu Cys Gin Ala His Gly Leu Thr Pro GIn GIn val
450 455 460

val Ala Ile Ala ser His Asp Gly Gly Lys Gln Ala Leu Glu Thr val

465 470 475 480
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Leu Thr Pro Glu GIn Val Val Ala lle Ala Ser Asn lle Gly Gly Lys 290295300 Gin Ala Leu Glu Thr Val
Gin Ala Leu Leu Pro Val Leu Cys Gin Ala 305310315320 His Gly Leu Thr Pro Gin Gin Val Val Ala lle
Ala Ser His Asp Gly 325330335 383526secilist.txt 340345350 Gin Ala His Gly Leu Thr Pro Glu GIn
Val Val Ala lle Ala Ser His 355360365 Asp{Ghs&dylixe GigrAla Leu Glu Thr Val Gin Arg Leu Leu Pro
Val 370375380 Leu Cys Gin Ala His Gly Leu Thr Pro Gin GIn Val Val Ala lle Ala 385390395400 Ser
Asn Gly Gly Gly Lys Gin Ala Leu Glu Thr Val Gin Arg Leu Leu 405410415 Pro Val Leu Cys Gin Ala His
Gly Leu Thr Pro Glu Gin Val Val Ala 420425430

GIn Arg Leu Leu Pro val Leu Cys GIn Ala His Gly Leu Thr Pro G1n
485 490 495

GIn val val Ala Ile Ala Ser Asn Ser Gly Gly Lys GIn Ala Leu Glu
500 505 510

Thr val GIn Arg Leu Leu Pro val Leu Cys GlIn Ala His Gly Leu Thr
515 520 525

Pro GIn GIn val val Ala ITe Ala Ser Asn Ser Gly Gly Lys Gln Ala
530 535 540

Leu Glu Thr val Gln Arg Leu Leu Pro val Leu Cys Gln Ala His Gly
545 550 555 560

Leu Thr Pro Gin GIn val val Ala Ile Ala Ser Asn Ser Gly Gly Lys
565 570 575

Gln Ala Leu Glu Thr val GlIn Arg Leu Leu Pro val Leu Cys Gln Ala
580 585 590

His Gly Leu Thr Pro Glu GIn val val Ala Ile Ala Ser His Asp Gly
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lle Ala Ser Asn Ser Gly Gly Lys Gin Ala Leu Glu Thr Val Gin Ala 435440445 Leu Leu Pro Val Leu Cys
Gin Ala His Gly Leu Thr Pro Gin Gin Val 450455460 383526segl1st.txt 465470475480 Gin Ala Leu
Leu Pro val Leu Cys Gin Ala His Gly Leu Thr Pro Glu 485490495 Gin Val val Ala lle Ala ser Asn lle Gly
Gly Lys GIn Ala Leu Glu 500505510 Thr ygd Gl Adgslseudigu Pro val Leu Cys GIn Ala His Gly Leu Thr
515520525 #¥d GIn Gin Val Val Al&Gte Ala ser His Asp Gip&ly Lys Gin Ala 530535540 Leu Glu Thr
val GIn Arg Leu Leu Pro val Leu cys GIn Ala His Gly 545550555560 Leu Thr Pro GIn Gin val val Ala lle
Ala Ser Asn Gly Gly Gly Lys 565570575

Gly Lys GIn Ala Leu Glu Thr val GIn Arg Leu Leu Pro Val Leu Cys
610 615 620

Gin Ala His Gly Leu Thr Pro Glu Gln val val Ala ITe Ala Ser Asn
625 630 635 640

ITe Gly Gly Lys GIn Ala Leu Glu Thr val G¢In Arg Leu Leu Pro val
645 650 655

Leu Cys GlIn Ala His Gly Leu Thr Pro GIn GIn val val Ala Ile Ala
660 665 670

Ser Asn Gly Gly Gly Arg Pro Ala Leu Glu Ser Ile val Ala Gln Leu
675 680 685

Ser Arg Pro Asp Pro Ala Leu Ala Ala teu Thr Asn Asp His Leu val
690 695 700

Ala Leu Ala Cys Leu Gly Gly Arg Pro Ala Leu Asp Ala val Lys Lys
705 710 715 720

Gly Leu Pro His Ala Pro Ala Leu Ile Lys Arg Thr Asn Arg Arg Ile
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Gin Ala Leu Glu Thr val GIn Arg Leu Leu Pro val Leu Cys Gin Ala 580585590 383526secilist.txt His
Gly Leu Thr Pro Glu Gin val Val Ala lle Ala Ser Asn lle Gly 595600605 Gly Lys Gin Ala Leu Glu Thr val
Gin Ala Leu Leu Pro Val Leu Cys 610615620 GIn Ala His Gly Leu Thr Pro GIn Gin Val Val Ala lle Ala
Ser Asn 625630635640 Ser Gly Gly Lys $siss Adadegy &sludhr Val Gin Ala Leu Leu Pro Val 645650655
Leu Cys Gin Ala His Gly Leu Thr Pro Glu Gin Val Val Ala lle Ala 660665670 Ser Asn lle Gly Gly Lys
Gin Ala Leu Glu Thr z/%%/Gin Arg Leu Leu 673880685 Pro Val Leu @s Gin Ala His Gly Leu Thr Pro Glu
Gin Val Val Ala 690695700 lle Ala Ser Asn Gly Gly Gly Lys GIn Ala Leu Glu Thr val GIn Arg

Pro Glu Arg Thr Ser His Arg val Ala Asp His Ala GIn val val Arg
740 745 750

val Leu Gly Phe Phe GIn Cys His Ser His Pro Ala GIn Ala Phe Asp
755 760 765

Asp Ala Met Thr &In Phe Gly Met Ser Arg His Gly Leu Leu GIn Leu
770 775 780

phe Arg Arg val Gty val Thr Glu Leu Glu Ala Arg Ser Gly Thr Leu
785 790 795 800

Pro Pro Ala Ser GIn Arg Trp Asp Arg Ile Leu GIn Ala Ser Gly Met
805 810 815

Lys Arg Ala Lys Pro Ser Pro Thr Ser Thr Gln Thr Pro Asp Gln Ala
820 825 830

Ser Leu #is Ala Phe Ala Asp Ser Leu Glu Arg Asp Leu Asp Ala Pro
835 840 845
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705710715720 383526seglist.txt Leu Leu Pro Val Leu Cys Gin Ala His Gly Leu Thr Pro Glu Gin val
725730735 Val Ala lle Ala Ser Asn lle Gly Gly Lys Gin Ala Leu Glu Thr Val 740745750 Gin Ala Leu
Leu Pro val Leu Cys Gin Ala His Gly Leu Thr Pro Glu 755760765 Gin val Val Ala lle Ala Ser Asn Gly
Gly Gly Arg Pro Ala Leu Glu 770775780 Sigrsbedah4da GinLeu Ser Arg Pro Asp Pro Ala Leu Ala Ala
Leger8B700795306 THuASHY AsppHidrLabValrala Lesddaseys hew Gly GhgArg Pro Ala 805810815 Leu
Asp Algyal Lys Lys Gly Leu R %His Ala Pro Ala Leugy)g Lys 820825830 Arg Thr Asn Arg Arg lle Pro
Glu Arg Thr Ser His Arg Val Ala Asp 835840845

Ser Arg Ser Asp Arg Ala val Thr Gly Pro Ser Ala GIn Gln Ser Phe
865 870 875 880

Glu val Arg val Pro Glu GIn Arg Asp Ala Leu His Leu Pro Leu Leu
885 890 895

Ser Trp Gly val Lys Arg Pro Arg Thr Arg Ile Gly Gly Leu Leu Asp
200 905 910

Pro Gly Thr Proc Met Asp Ala Asp Leu val Ala Ser Ser Thr val val
915 920 g25

Trp Glu Gin Asp Ala Asp Pro Phe Ala Gly Thr Ala Asp Asp Phe Pro
530 935 940

Ala phe Asn Glu Glu GTu Leu Ala Trp Leu Met Glu Leu Leu Pro Gln
945 950 955 960

<210> 113
<211> 1062
<23i2> PRT

<213> Xanthomonas campestris pv. armoraciae
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383526secilist.txt His Ala Gin Val Val Arg Val Leu Gly Phe Phe Gin Cys His Ser His 850855860 Pro
Ala Gin Ala Phe Asp Asp Ala Met Thr Gin Phe Gly Met Ser Arg 865870875880 His Gly Leu Leu GIn
Leu Phe Arg Arg val Gly val Thr Glu Leu Glu 885890895 Ala Arg Ser Gly Thr Leu Pro Pro Ala Ser Gin
Arg Trp Asp Arg lle 900905910 Leu GIn Adas5ek &]yiMetdys Arg Ala Lys Pro Ser Pro Thr Ser Thr
915920925 Gin Thr Pro Asp Gin Ala Ser Leu His Ala Phe Ala Asp Ser Leu Glu 930935940 Arg Asp
Leu Asp Ala Pro Ser Pro Met His Glu Gly Asp GIn Thr Arg 945950955960 Ala Ser Ser Arg Lys Arg Ser
Arg Ser Asp Arg Ala val Thr Gly Pro 965970975

<220>
<221> N-terminus

<222> (1)..(288)

<220>
<221> Repeat 1
<222> (289)..(322)

<220
<221> Repeat 2
<222> (323)..(356)

<220>
<221> Repeat 3
<222> (357)..(3920)

<220>
<221> Repeat 4
<222> (391)..(424)

<220>
<221> Repeat 5
<222>  (425)..(458)

<220>
<221> Repeat 6
<222> (459)..(492)

<220>
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383526seglist.txt Ser Ala Gin GIn Ser Phe Glu Val Arg Val Pro Glu Gin Arg Asp Ala 980985990 Leu
His Leu Pro Leu Ser Trp Arg Val Lys Arg Pro Arg Thr Ser Ille 99510001005 Gly Gly Gly Leu Pro Asp
Pro Gly Thr Pro Thr Ala Ala Asp Leu 101010151020 Ala Ala Ser Ser Thr Val Met Arg Glu GIn Asp Glu
Asp Pro Phe 102510301035 Ala Gly Ala lasAsp.A8p;RhgRro Ala Phe Asn Glu Glu Glu Leu
10402045%@p8aAlZ Trp Leu met Giu Leu Leu Pro Gin 10551060

<222> (493)..(526)

<220>
<221> Repeat 8
<222> (527)..(560)

<220>
<221> Repeat 9
<222> (561)..(5%94)

<220>
<221> Repeat 10
<222> (595)..(628)

<220>
<221> Repeat 11
<222> (629)..(662)

<220>
<221> Repeat 12
<222> (663)..(696)

<220>
<221> Repeat 13
<222> (897)..(730)

<220>
<221> Repeat 14
<222> (731)..(764)

<220>
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<221>
<222>

<220>

<221>

<222>

<400>

Met Asp

Ser Gly

Ser Pro

Met Ser
50

Ser ala
65

Phe Asn

Repeat 14.5
(765)..(784)

C-terminus

(785)..(1062)

113

Pro

Pro

Pro

35

Arg

ASD

Thr

Ile

Glin

20

Ala

Thr

Ser

ser

Arg

Pro

Gly

Arg

Phe

Leu

85

Ser

Asp

Gly

Leu

Ser

70

Phe

Arg

Gly

Pro

Pro

55

Asp

ASD

Thr

val

Leu

40

Ser

Leu

Ser

383526seqglist.txt

Pro

Gln

25

Asp

Pro

Leu

Leu

Ser Pro Ala

i0

pro Thr Ala

Gly Leu Pro

Pro Ala Pro

60

Arg GIn phe
75

Pro Pro Phe
90
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Arg

Asp

Ala

45

Ser

Asp

Glu

Arg

30

Arg

Pro

Pro

Ala

Leu

15

Gly

Arg

Ala

Ser

His

95

Leu

val

Thr

Phe

Leu

80

His



Thr

Ala

Arg

ser

145

Ser

Ala

Ile

LyS

Glu

Ala

Pro

130

ASp

Gln

Gin

val

Tyr
210

Ala

Asp

115

Pro

Ala

Glin

His

Ala

195

Gln

Ala

100

Ala

Arg

Ser

Gln

His

180

Leu

ASp

Thr

Pro

Ala

Pro

Gin

165

Glu

Ser

Met

Gly

Pro

Lys

Ala

150

Glu

Ala

Gln

Ile

Glu

Pro

Pro

135

Ala

LYs

Leu

His

Ala
215

Trp

Thr

120

Ala

Gln

Ile

val

Pro

200

Ala

383526seqlist.txt

Asp

105

Met

Pro

val

Lys

Gly

185

Ala

Leu

Glu

Arg

Arg

AsSp

Pro

170

His

Ala

val

val

Arg

teu

155

Lys

Gly

Leu

Gln

Ala

Arg

140

Arg

val

Phe

Gly

Pro Glu Ala

220
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Ser

val

125

Ala

Thr

Arg

Thr

Thr

205

Thr

Gly

110

Thr

Ata

Leu

Ser

190

val

His

Leu

Ala

Gin

Gly

Thr

175

Ala

Ala

Glu

Arg

Ala

Pro

Tyr

160

val

His

val

Ala



Ile

225

Leu

Thr

Glu

Ley

GIn

305

His

val

Leu

Gly

Ala

Thr

290

Ala

Gly

LYS

Gly

Thr

Gin

vati

275

Pro

Leu

l.eu

GIn

val

val

Leu

260

His

Glu

Glu

Thr

Ala

Gly

Ala

245

Leu

Ala

GlIn

Thr

Pro

325

L.eu

Lys

230

Gly

Lys

Trp

val

val

310

Gin

Glu

Gin

Glu

Ile

Arg

val

295

GlIn

Gin

Thr

Trp

Leu

Ala

Asn

280

Ala

Ala

val

val

383526seqglist.txt

Ser

Arg

Lys

265

Ala

Ile

Leu

val

GIn

Gly

Gly

250

Arg

Leu

Ala

Leu

Ala
330

Ala

235

Pro

Gly

Thr

ser

Pro

315

Ile

Arg

Pro

Gly

Gly

Asn

300

val

Ala

Arg Leu Leu

Page 103

Leu

val

Ala

285

Ile

Leu

Ser

Pro

Leu

Gln

Thr

270

Pro

Gly

Cys

His

val

Glu

Leu

255

Ala

Leu

Gly

GIn

Asp

335

Leu

Ala

240

ASp

val

Asn

Lys

Ala

320

Gly

Cys



Gln

Asp

Leu

385

ser

Pro

Ile

L.eu

val

Ala

Gly

370

Cys

AsSn

val

Ala

ey

450

Ala

His

355

Gly

Glin

Gly

Leu

Ser

435

Pro

Ile

340

Gly

Lys

Ala

Gly

Cys

420

AsSn

val

Ala

Leu

Gln

His

Gly

405

Gin

Ser

Leu

Ser

Thr

Ala

Gly

390

Lys

Ala

Gly

cys

AsSn

Pro

Leu

375

Leu

Gln

His

Gly

Glin

455

Ser

Glu

360

Glu

Thr

Ala

Gly

Lys

440

Ala

Gly

383526seqlist.txt

345

Gln

Thr

Pro

Leu

Leu

425

Gln

His

Gly

val

val

GIn

Glu

410

Thr

Ala

Gly

val

Gln

GIn

395

Thr

Pro

Leu

Leu

Ala

Arg

380

val

val

Glu

Glu

Thr
460

Lys Glin Ala
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Ile

365

Leu

val

GIn

Glin

Thr

445

Pro

Leu

350

Ala

Leu

Ala

Arg

val

430

val

Gin

Glu

Ser

Pro

Ile

Leu

415

val

GIn

Gln

Thr

His

val

Ala

400

Leu

Ala

val

val



465

Gln

Gn

Thr

Pro

Ley

545

Leu

Gin

Ala

val

val

Glin

530

Glu

Thr

Ala

Leu

val

Gln

515

Glin

Thr

Pro

Leu

Let

Ala

500

Arg

val

val

Gln

Glu
580

Pro

485

Ile

Leu

val

GIn

Gin

565

Thr

470

val

Ala

Leu

Ala

ATg

550

val

val

Leu

Ser

Pro

Ile

535

L.eu

val

Gln

Cys

Asn

val

520

Ala

Leu

Ala

Arg

383526seglist. txt

Gin

Ile

505

Leu

Ser

Pro

Leu

585

Ala

490

Gly

Cys

His

val

Ala

570

Leu

475

His

Gly

Gin

Asp

L.eu

555

Ser

Pro

Gly

Lys

Ala

Gly

540

Cys

Asn

val
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Leu

Gln

His

525

Gly

GIn

Gly

Leu

The

Ala

510

Gly

Lys

Ala

Gly

Cys
590

Pro

495

Leu

Leu

Gln

His

Gly

575

Gin

480

Glu

Thr

Ala

Gly

>60

LYS

Ala



His

Gly

Gln

625

Ser

Leu

Ser

Pro

Ile
705

Gly

Lys

610

aAla

Gly

Cys

Asn

val

690¢

Ala

Leu

585

GlIn

His

Gly

GIn

Ile

675

Leu

Ser

Thr

Ala

Gly

Lvs

Ala

660

Gly

Cys

Ash

Pro

Leu

Leu

Gln

645

His

Gly

GIn

Gly

Glu

Glu

Thr

630

Ala

Gly

Lys

Ala

Gly
710

Gln

Thr

615

Pro

Leu

Ley

Gln

His

695

Gly

val

600

val

Gln

Glu

Thr

Ala

680

Gly

Lys

383526seqglist.txt
val Ala Ile Ala Ser

GIn

Glin

Thr

Pro

665

Leu

Ley

Gln

Ala

val

val

650

Glu

Glu

Thr

Ala

Leu

val

635

Gin

Gin

Thr

Pro

Leu

715

Leu

620

Ala

Ala

val

val

Gliu

700

Giu
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605

Pro

Tie

ieu

val

Gln

685

GIn

Thr

Asn

val

Ala

Leu

Ala

670

Arg

val

vai

Ile

l.eu

Ser

Pro

655

Ile

Leu

val

Gin

Gly

Cys

Asn

640

val

Ala

Leu

Ala

Arg
720



Leu

val

Gin

Gln

Ser

785

Thr

Leu

Arg

Leu

Ala

Ala

val

770

Ile

Asn

ASp

Thr

Pro

Ile

Leu

755

val

val

ASp

Ala

Asn

835

val

Ala

740

Leu

Ala

Ala

His

val

820

Arg

Leu

725

Ser

Pro

Ile

GIn

Leu

805

Lys

Arg

Cys

Asn

va'tl

Ala

L.eu

790

val

Lys

Tle

Gin

Ile

Leu

Ser

775

ser

Ala

Gly

Pro

Ala

Gly

Ccys

760

Asnh

Arg

Leu

Leu

Glu
840

383526seqlist.txt

His Gly Leu Thr Pro

Gly

745

Gln

Gly

Pro

Ala

Pro

825

Arg

730

Lys

Ala

Gly

ASp

Cys

810

His

Thr

Gln

His

Gly

Pro

795

Leu

Ala

Ser

Ala

Gly

Arg

780

Ala

Gly

Pro

His
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Leu

Leu

765

Pro

Ley

Gly

Ala

Arg
845

Giu

Glu

750

Thr

Ala

Ala

Arg

Leu

830

val

GIn

735

Thr

Pro

L.eu

Ala

Pro

815

Ile

Ala

val

val

Glu

ey

800

Ala

Lys

Asp



Pro

865

His

Ala

teu

Gin

Arg

945

Ala

Ala

850

Ala

Gly

Arg

Gin

Thr

930

Asp

Ser

GlIn

Gin

lLeu

Ser

Ala

915

Pro

Leu

Ser

val

Ala

L.eu

Gly

900

Ser

ASp

Asp

Arg

val

Phe

Gln

883

Thr

Gly

GIn

Ala

Lys
965

Arg

Asp

870

Leu

l.eu

MetT

Ala

Pro

950

Arg

val

855

ASD

Phe

Pro

Lys

Ser

935

Ser

Ser

Leu

Ala

Arg

Pro

Arg

920

Leu

Pro

Arg

383526seqglist.txt

Gly Phe Phe GIn Cys

Met

Arg

Ala

905

Ala

His

Met

Ser

Thr

val

890

Ser

Lys

Ala

His

AsSp
970

Gin

875

Gly

Gin

Pro

Phe

Glu

955

Arg

860

Phe

val

Arg

Ser

ala

940

Gly

Ala
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Gly

Thr

Trp

PFro

925

Asp

ASp

val

His

Met

Glu

ASDP

910

Thr

Ser

Gin

Thr

Ser

Ser

Leu

895

Arg

Ser

Leu

Thr

Gly
975

His

Arg

880

Glu

Thr

Glu

Arg

960

Pro



Ser

Leu

Ala

Ala

Ala

383526seqglist.txt

Ala GIn GIn Ser Phe Glu val Arg val Pro Glu GIn Arg Asp Ala

980

985 890

His Leu Pro Leu Ser Trp Arg Vval Lys Arg Pro Arg Thr Ser ITe

985

Gly Gly Leu Pro Asp
1010

Ala Ser ser Thr val
1025

Gly Ala Ala Asp Asp
1040

Trp Leu Met Glu Leu
1055

1000 1005

Pro Gly Thr Pro Thr Ala Ala Asp Leu
1015 1020

Met Arg Glu Gln Asp Glu Asp Pro Phe
1030 1035

Phe Pro Ala Phe Asn Glu Glu Glu Leu

1045 1650

Leu Pro GiIn

1660
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