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DOM NANT NEGATI VEMUTANTKRP PROTEI N PROTECTI ON OF

ACTI VE CYCLI N- CDK COVPLEX | NHI BI TI ON BY W LD TYPE KRP
WORBMWADEDB1APPLI CATI ONS [ 0001] Thi s applicati on BPCHURR06/029349

priority to United States Application No. 60/703, 999,

filed July 29, 2005, incorporated herein by reference

DONINANENECATE RMETAN IR E PR ORI RRIBHETION OF

acifor (P Tofih e gl RS v ryeE Kee

(CDK) that regulate the transitions between different
phases of the cell cycle. Arabidopsis, a nodel plant

systemused to stu Aea1S QlPPr ve several CDK
sub- groups CDKA |gﬁﬂfst s?ﬁilg?gggo$§e cdc2 (CDKI) of

and con ains .the highly_conserved.Prao S T
[000} mS@ppﬁ@a‘t@l& APSPAPREC LAY S%?Sd‘\@ﬁﬁafé%ﬁo @%@4@9’ filed
July b5 ) e B&Qéd%rélﬂ% Aér}gl‘gh@é 1‘13§tstetﬁﬁ1ét?t eraction with

elr cyc n partner. dopsis al so has a
plant specific group of CDK called CDKB that is not
conserved in higher animals. Plants do however | ack

the mamal i an gAOKESRGUNDIOF g 68V IGRKEEIGDK4  and
CDK6. CDKA has been proposed to be the GL CDK (that is

[000@‘:t P}’ag tQfvEYhe S magigtcelpé%éf@% &ﬁ{%ﬁ{o‘ﬂs%) Ndﬁ@hx?ﬁs%e? 8R0 have

em)nstrate to be edom na expressed in
in coﬁtrmhﬁwﬁh aulchriatbekinased palidde:yelﬁm dmenﬂeﬂt (kﬁr;aswiélﬁli)‘ theidegiglate the

o LR L G LO00RL vt S0 neel VAR
to st He gélP@y%ﬁ@ﬁaM@%r&l@Ibﬁ stb- %rc; s EEDK A Rem6&IstmBaab ene cdc2

dopsi s contal ns up yclins grouped into 10
(CDKu)mzﬂ raaseslsfand eonaing tlm hlgﬂlly CﬂlwmedF}hy SeoThr Ala Ile Arg Glu

084- 1099, 2004)

I hihep d A L ik A e

with @Qﬁscﬁmﬁg r. ArabidbPsadlsoRkng Siptnt- sﬁ&ﬁﬁd Qﬁ)ﬁf)b@@K called CDKB
|s activated by the D-type ins, while

that mqngera@qi iwlagbfer agimals. Blaats Eoth?ﬁ’@V%r)lé(ﬂi § maNgnYiAN gepunterpart

o ) EEGE EEHS BRSO EE b g

activéfed GHHe f1bNK3 Sypescyeing)/ WlSlMCDKB‘lha[mﬁ&’e@ ElSm()]iisltI’étedﬂb be pi

8 and pl9) that bind to and inhibit th fs
predorainantly exmkassadhin Tpkese apd &Wfkﬁnﬁdﬁhﬁiff‘tfﬁelﬂ%?}%}dﬁﬁ“ iefiys the Go/M
spec @i% ggroup of inhibitors is called Kinase |nhibitor

oteins (KIPs) or A P(CDK Interacting Protein)

proteins and they are highly conserved in all animals.

[0003]he ACtiPAtinFinfciviatign pfthdsmrﬁl'mém titinSi aeHi Biroughhibe cglt Eyate aad also
act ant s ut at.i v

dieafggwepgals Fadnert Regep ety arbifortineBtaBeb 48 YD srowed

into 1@ Qbc1dRYsRtWahg et al., Plant Physiol. 135:1084-1099, 2004). Only the A, B and
D-classes appear to play a role in the cell cycle and activate CDKs (Wang et al., Plant
Physiol. 135:1084-1099, 2004). CDKA is activated by the D-type cyclins, while CDKB is

activated by A- and B-type cyclins.

[0004] In animals CDKs are negatively regulated by two families of CDK inhibitors
(CKIs). One class, called inhibitor of CDK4 (INK4) is comprised of 4 members (p15, p16,
p18 and p19) that bind to and inhibit the G; CDKs, namely CDK4 and CDKG6, from binding
the cyclin. The other group of inhibitors is called Kinase Inhibitor Proteins (KIPs) or CIP
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Plant J, 15:501-510, 1998 ; De Veylder et al, Plant

Cell 13:1653-1667, 2001; Jasinski et al, Plant Physi ol
wa3®7/o1379- 1 882, 2002) and shown to inhibit peeT/UEmd6/029349

cyclin/ CDK kinase activity in vitro (Wang et al, 1997,

13 623, 2000; L
(—D@r“?efﬁif“aﬁvﬁ’fgtem& P&O’f%ﬁ?@a@‘gey %g\&h Y eansered inail @%ImEIISa?{{he
CIP/KGE EmADS m@lnﬁﬁﬂmy%&& metchci ADaRMBIdSE, ﬁg@%@&nw% In plants,

containing larger cells {See Wang et al,
putahﬂaﬂﬁskaveé:teemidenﬂﬁe(tév ang‘aj al. ,]M‘Eu@zmdgtﬁﬂ 4520 0997; Mang et al.,

Plantggi%g@r g%q%%@;p r\%;{gép ucﬁf%’%ﬁ( QP {l ?g t1 6%%1 QQR‘E %Q@b Jasinski et al.,

Pzanz%@&ﬁol Mll 8’9131 @gza booZ3lagf thdwr fo nhﬁbé Q%ﬁérggcycﬁﬁﬂﬁjlg ks

Si s, ese CKls, are called’In Itors
actwlm m:mgyo amﬁ@arl eﬂ%&kdumupWenmst ql! KRIZZM)‘J Ble@]e’hﬁzmooo Lui et al.,

S N T AT SR Y

b Gt oflavyed del AR AN SndA 3l 1000, AP-RJadkild 50 Yenss
organl dent @5&%%27& P1 buté?he |den6t%{ﬁzﬂy |as |rer1?g to fqﬂe

115:973,:982 e Navldgnetaah, suprasciies et zrlg, zagmecelh@ep RIC967-975, 2002;
Zhon REAIS VAthy 7K 84 AR Ee DA SASRELId, 66, PR PA.3R-515.9005) mm
Arabiddpsiss tHe@é éKf[slj ate dalied Mﬁﬁltok?@émmil@fleéﬂor ®VR lrelaRd Pidi€ins (KRPs).
S rturbed in_manmal s. i nbal ance_can
Severiﬁ? ﬁi&% Lw eriﬂg ¥ bgen éqle@Flﬁﬁ%@atc@pﬂ céqselyfa@semh%% theAJRAIP
famﬂf‘@f @Kts %a%ﬁ ofﬁ%@fc _ act Pt s Pﬁg‘g&ﬁ n%gtcﬁlr sequence

| et e y e |mnat|ng
1dent1tyrto mé%'% ed)ud:j/hﬂ 1dedt(tj‘z)i@ lhihaiste tlm:lhostl(l-yermilﬁal 30 ammo%ﬂifsd To date,

0 ation of downstream
ho m?a{'?fﬁgefiséiﬁ%g& 156‘?‘}%%& af&%ﬂ!?l& progr essi on and
animal s ulti rmtel y yields cell hyper-proliferation
[0005] Caates efiredion cFyeliscor kASckB¥t6-oB SKI illkHRlo thilahe tveR BaRhced cell

the r27kp>1 gene in mce results in larger mce due to
cycle gygineeqnmeasidy by petusbied inananypaly. Thisdmbelarpe cep uliimatelyilead to

s G B A0 Sl S o8

compl@@ll)l' el@hindig CK2 Ozctiva96jesulfsif Qcreavd brtin TmK &masé adtivity. This
s expressi on of var s nenbers of the

increapethAGHYTY pesults (o ST pet el doganEeaeh foERret FR5<Y oglheycle

progréabidfd hifinlk ﬂﬁﬁa&%@ﬁ@ﬂ@%&%@f@ﬁéﬁ%@ {Wakdr af. oScRyl%e

i nterference results in

272:8%H880,11986) é@ﬁrl@tm¢ he p37 ogmeenmwcamdts laﬂm:gemmmlye to
exces§1fé (&C?H&Id élgﬁ]\ﬁ%/%}%gﬁgaeddé RN@%\CIC%S% me 501#]8Wf)gﬁ%ﬂ n??le el

85: 73$1<7mbl 19906 1ISiyiokA®a el dl., [WeA8E 521 F3ES 996N aledyaid e kL &kl 85:707-
repeats (I'R) strategy to suppress gene expression in

720, 198 pl ants species including crop plants such as
corn, soy and Canola to nanme a few. However, IR

(0006} e@ﬁ%ﬁhﬁgﬁﬁs B3 B3GR UARAGH S Wil ARniblS d ?ftﬁe{(l@RP By,

R sequence, targ t gene regul ation ackson et
POSt-tlal!n$Cﬂmpm1@eﬂe sxﬂ@mhlg (PTGE pim-18&its 1sZﬁi(IH‘)IA—degmﬂsﬁ1mmnechamsm
simila? {ol RO inflrference A&)'?n %}ﬁ?n% sI II{I¥A1 resﬁjlts in the spiémﬁc degradation of
double-stranded RNA (dsRNA) into short 21-23 bp dsRNA fragments which ultimately play

arole in the degradation of a population of homologous RNAs. In plants, PTGS uses an

inverted repeats (IR) strategy to suppress gene expression in many plants species including

crop plants such as corn, soy and Canola to name a few. However, IR technology has several
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These drawbacks are conpounded in the present case by
the need to silence nore than one gene at a tine.

wQ 0®0/Bi63Cnventi onal plant breedi ng has been tPEI/US2006/029349
principle driving force for increased crop yields over

t rs Fer nande e ricu
crawiks 8 as e iRiely B RoreapaAr e FBESH ST Gesyea e pghson et al,
Natu?é)&é)ech NATE 63 SE6372 DO Y, transRASHIRAAg, OVeRH IRasYainl?c?Céiﬂeche like.
avai | abl e that for exanple have resistance to’1nsec

Thesg degpbacks roermpainded in thpprssesi case by dlee need s gidarice m@ﬂm one
gmwggam% wth a yield penalty (Elnore et al, Agron. J.
- 408-412, 2001; Elnore et al, Agron. J. 93:404-407,
2001). To date, no known transgenic crop is
[000onGementibiay phvitbreedihghis taen HRriabiple GiBAS forbdifos @RFeased crop
size or an |ncrease in C@@% yield. [0008] There is a

yields gy thepash®> vsars @ ofernsnge reitovleaip Ilw%nmtqulletm No.
oGl
A TISEShSR 200D, IS SRS ol SR it o
for exmml@mem@lstam:p ty insbat pests met leslsicidgs. SH&deﬁdr;tﬁese transgemc Crops
i NCr aS|n the r at.e of%tgag natiaon, increasin

do copgt B o pebley Rote %, datie DA LT Ino0 HieRies el
AgroR&l 83:804R67, Qob Sfo el BUAGH %M%?
E"OTHE | NVENTI'ON hﬁoog] S0 Gtm ok Stenic RS o o g ailable
that hag pn tgreags inseedsize drandegressdémtrokiyiedde i nhi bit or (CKI)

pol ypepti de havi ng at | east one nodification relative

R R TR T A ——

certailiconhinregeialigvabmbile casps} iacladin @'61", exb@bRY, bittholt BrdifdBon, increasing
wild-type, CKI protein, nodified b|nd|n affinity f or
crop YEEJQS ;:}P%EW}% segfh Sige nerprsingthe wts 9f graminalipmi ingreasingiiontymass, and
the 1iled. fmﬂré/seﬁﬂhvéhtﬁ}i% BscRbA frBin nlddfs el 30 birf gﬂweds
pol ypépti des of the present I nvention have
negati ve antagoni st activity against wld-type CKI
function. Wen the variant is expressed within a cel
expressi ng t hBREER SEMMARIYNQF WHEIENYPRTEYN protein, or
a cell expressing a wild-type CKI heterol ogous to the

0009§Or Sxefk 18 I inhibi
g R e 08 T Py ot

(CKI)rm%n@etldq avingat asmmnocbﬁganon relniiivedDia wildrtiiped Kk fudypeptide.

I | t
I ceri Qb o8 hRUBRaH RS e ERbd Bisdineiticnp as o
confer; yeihiéveaﬂ thd wild-eaRaCk Cobleih) Mddifaaading afﬂn@@]f&] CDBR protein,

ot her aspects,. the _ present invention provides a

while substrntialha mamigieing |béndé‘é§ #ffigite buiarsyclin protéianTherariant CKI
Pl mEELADEER L i S i SRR B AL g
mld—tvp@CKlI fumtloﬂneWheh rtietearingt is Bipreﬁe&l Oﬁﬂumﬁbéﬂ dxPressing the
corre n@c{l t| on ]2& %Egres& Oﬁl of the nucleic acid. The
ReRing Wil REprcidat a8 cENEIZA Wid-tyrs (b Haeterplagrus to

the coh"ééf;ﬁﬂﬂin@'%vﬂ@fyp@ pRALA] 'bﬁgh Vh‘%\/%ﬁgthﬁﬁﬁl&%ﬁhﬁgﬁh’y R MSinction
Furt her, ?reSS| on of ari ant
with respect to, inter alia cyclin and CDK binding, the wild-type CKI biological activity is

inhibited, leading to accelerated progression through the cell cycle and increased cell

proliferation.

[0010] In other aspects, the present invention provides a recombinant nucleic acid encoding

a variant CK1 polypeptide, or a vector comprising the recombinant nucleic acid. The variant
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pol ypeptide in a cell can be used in nethods of the

i nvention for nodul ating cell division. For exanple,
wezpression of variant CKI pol ypeptide in a cePdT/Us2906/029349

Iead to accel erated progression through the cell cycle

. ncreased .cel | ollfer t Stl| .
oK -GPSR R0 SE e @ e AR info bt o plitiation o
exprefsiG SABOLucRAS Rl NThé H@st véllsi can be Gkdd, fozlexpaplel BemétBods of the
rovided. Expression of the variant CKI polypeptide in

mvenf o o5 gensiueing thmvasiant@K bpolyraptides Hvethe 5prsssiamef the variant CKI
polyp é & |CQ% g%%et ung 1 meAGELEThE BBl t?igl for h}%ﬁﬁlaﬁ%% cell division.

i ncCr easi ng
For exai\gﬂ lragu@ﬁsﬂ %ngﬂrmhpﬂypupndam d¢efleahilded.to accelerated
I NI T ONS [0012] Unl ess defi ne otherw se, all
progr@Sé@nﬁbr@agh@ﬁ@elé éY‘é‘hWQ‘mETeﬂ@Flﬁﬁ 1 prodiderpld®ei n have t he
same nmeani ng as commonly understood by one of ordinary
[00113 KiThstill btHehsspacts, attfamgén@d‘lplbﬁti csm'pnmﬁgiaitmnsgmle engfd.mg the variant

S N e T
can bé ﬁs%ﬁ' fgﬂxeﬁfo § BEine "nﬁ%ﬁﬁ&n FoR Veﬁ% 1h9{éa51§é1b]¥n@%§&p irﬁ!’réésmg root mass,

S an materials are describ For purposes of
mcreatshxg manésza,tor|1mnrmstugce|arly1ghmnmiidnomd't@e ilbe nms are defined
bel ow. [0013] The terns"a,"” "an," and "the" as used
herei n incl ude pl ural referents, unl ess the context
clearly indicates otherwi se. [0014] As used herein,
the term"cyclin dependdHINKLL i nhibitor" (also

referred to herein as "CDK inhibitor" or "CKI") refers
[0012] O WnledsAfinaf othérotil 8i$ techdtal nad ahéntﬁicytemﬁﬂgmdeéhereﬁyh}ivie ithe

e A 830 R e P

Ne
e AR SRS 5.k oo o
be uséchimithe practive opltesting OKihe p{astig isention,iogbnexehipdaty methods and

materﬁl%?rg%%@ﬂ%’%g \)npohav §?gs|ggéf‘8? 18“{%‘ Ry Inge%n%% o

defind igyns (KRPs) (al so known as | nhi bitors of "CDKs,

or 1TCKs"). [0015] The terms poI ypepti de" and

1 pr n@h @ USed
100131 ekl 5 P8 e 86 SARIREANHE DB R BhichOihe
contexinsledr®iindiastedthersfi®t s t o deoxyri bonucl eoti des or

ri bonucl eoti des and pol yners thereof in either single-

[0014<t?r Aoulh Soitd, andeth FQkh din8&H kERES{nhita@k! (idoirBletBd to herein

heterm encorrpasses nucl ei'’c aci ds cont ai ni ng known
as "CBKainbipites’ asf'CKaDuefats tnaclaspof premnwrthaihneg@tw wiegilatgreyclin

deperdeB Rab ISR s B le b ToF RRPAF RS fre B 8l

separ&e pur yﬁnbﬁﬁﬁieﬁé@bﬁﬁapéiﬂé of iddbRa8calyahidihg e cieldi ﬁiﬂtaﬁODKa Such
particu nucl ei c_aci d sequence also inplicitly

CKIs emiwp fos ssamplenidentifiediforailips pbpliant Ciils\he; Srsidemaficdhrabidopsis
CKIsf, %aging homology to Kinase Inhibitor Proteins (KIPs) in animals, referred to as KIP-

related proteins (KRPs) (also known as Inhibitors of "CDKs," or "ICKs").

[0015] The terms "polypeptide” and "protein" are used interchangeably herein to refer to a

polymer of amino acid residues.

[0016] The term "nucleic acid" refers to deoxyribonucleotides or ribonucleotides and

polymers thereof in either single- or double-stranded form. Unless specifically limited, the
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degenerate codon substitutions). Specifically,

degener ate codon substitutions can be achi eved by
w@enenasing sequences in which the third posit PONUSH006/029349

one or nore sel ected (or al l') codons is substituted

term eélc%mpasés?rglg ?cga?mﬁlc%ta elg}o&} nos g,g@s ) nfgugld%l%feoﬁwlwhwh

have s@ﬂﬂﬁ%ﬁﬁdﬁg 9fopertrés a$¥he kefereh@IMuck®acl® Bt £ AotabbPB&d in a manner
Rossolini et "al, Mdl. Cell. Probes 8:91-98, 1994). The

similar & mtmaﬂy ecquing rdlclegtld@e dnless ofhenisg énivajedan phrtigalae nucleic
s s AR pTGRARRRRE S ol M i Efert ot e

degenP@te/godbh kElRGtuHBAS)N spd:@ﬁ@allgcmgenerme@e&orﬂsnmﬂmaﬁsm dagl@eor
nucl ei ¢ acid having an amno acid or nucl eoti de

achiewsd hiyessaeratitmseqnencesigrvhirinthe dhied positioneof ong gr awrwﬂ%rdo(or all)
oty NGHER A PR SRRS IR OOM AR TR P4 g v

Nucletdl!cﬁdi\Rleﬂ nedsog1,modifowashikaye: biskBiol NCldr @6012605 2688,1988t
erein, Iaboratory st rai ns_of EIantswh ]éhave

ROSSO@)‘&EW akeMebiGellePrplpr £8198c B9 ndhe tormnxeleicagtd Famed i cs
mtercﬁ’e(r%gﬁﬂ?%)ﬂﬂ?eﬁéjwﬁﬁgﬁy @ Wﬁ%ﬂﬁ&deﬂ% Al g%ﬁé s. [0018] As

erel gene or Wl d- type CKl

ei c_ agi efers t a,sequence cl e| acid
001750 g o g b Bk GO R Eh e PP R e Sidtugleic
acids, @ﬁbaﬁé 8 ﬁﬂlyﬁéﬂud% Rahug8s Qéiﬁfhaﬁ %.ﬁ Qi PLBIE br Iﬁﬁ:[écoﬁﬂénsé'&ﬂlence that
he normal function of protei n encoded by a
is foun@maanb,ym@a@mmm@lﬁmmohde S%Eqwﬁh@ cep b sopbetdirery a

netigc. | 0c
sourcd fuef BELEhonlsmubESonich 8RS} hop BEHTo RPN s Fed B man
intervemtibny i AMiRES heraing labbkatdrﬁ KtRaingb Iﬂaﬂty pzmcheimmsra bsassebdctively
such, nat ur al %’X occurring alleles that encode, a gene
bred 3geerdingto slapsiesl genshics He C%ﬁl‘#‘ﬁ?d patpatly-gpcuming plgnisy pe-
al so enconpasses gene sequences that are not
[0018]1 edesisad hérging aviﬂd-&Ipb)CIﬁchuc'r omigyildsype CKdnueleicl aICIde meforkdo a

fn grodut vvlth nctto CE)‘H? ﬁg ¢
Seq“eﬂ%f‘\f? Myt % C?F&‘?SB?I? E?Hﬂ 1ﬁ gl n%l? ftan
organeﬁﬂw u@m&WWdu@t é?fb‘i'ﬂmmé 10 28imal gncli6h BF the CKI protein
pol ypep ide" or "wild-type CKI protein"
eIlCOdlBébﬁ aslawlhf -gprring [y pleptidecieqesiee dergeshgndingid the gopsdic locus. A
senr 06 BN S DRV SR P 0RE ARG, o
the teﬁm\ﬂ'Wﬂd—ﬂ:me encnganges sl sschalatursliybeonading #leleg-that @ucaderngzene

al |l e es, th t encode a gepeﬂgrodqct perform ng the

produgigperiaFming{b¢ Perm o THY ali earAmpAsies BgRg Feqrenoes that
are nolt ﬂe&eﬁ% PRIy BEcutitle, BO! tHRESRI éiilgéd@d"gen@ E»%cﬁl'cf:wﬁﬁ nd8nal
present” i nvention, neans a pol ypeptide or
function 4.gi gems hdvmgmtent wutridns oramhcodihg profeing with conservative
bstif Qo spondi ng wi | d-type pol ypeptide or nucleic acid.
Su“f”g The term "reference CKl pol ypeptide" is a term
used herei n for purposes of defl ning a nutant or

[0019Y o rTherernCierilbtipg f&J trobweptided or EwidtaiecFKI proten”arfers to a CK1
polypgﬁi(fé%%%deg%ytaowfﬁﬂy%e ggner.ng% Dfetic locus can have more than one sequence

or allele in a population of individuals, and the term "wild-type" encompasses all such

naturally-occurring alleles that encode a gene product performing the normal function.
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CKl polypeptide is conpared for purposes of defining

nodi fications in am no acid sequence. Thus, a nutant
WEKlo7pod3ypept i de "conprising a CKI am no aci d BEQUS0€029349

havi ng at | east one rmdifi cation relative to a

ref erence CKI pol ypeptide" neans t ept. for th
[0020}, rterﬁ“b?leutwﬁp %X’éﬂgfé ﬁ%&}efqoé‘%PE‘F ‘E@g Pgl “é’%‘ﬁlﬁﬁ o
acids BPhY ?&Eﬁtqﬁeﬁh E&gﬁ%ﬁ @%r hﬁ‘tﬁca;@ BLRMAG Bodified relatlve to
sequ nce 0 e’refere ypeptide. I'n carrying out
a corrbdpenmng&ehlttypmycﬂy;iapude asmebsicadibed herein, reference
CKlI pol ypeptides are predeterm ned. A reference CKl
[OOZIE("'D{BQW 8feRdbe BRI p C@Peﬁ?ﬂ@“ﬁ' Lrerr uddd Hrdid B Iﬁ%ﬂs% ofdefining
atural 'y occurring pol ypepti de, or a
a mutpmloy prmmnt dﬁ(Itpbhmeptub eetaron mefenstio o R pplypsplﬁldq tedvhich a mutant

The ter nmodi fi ed i
CKI B papp s F%m@ﬁlrgﬁf Bitnosantdekre Pt Bies g sppence
Thus, % ﬁ’ﬂlﬂaﬁ' ¢ ﬁdé’\"?:‘é}ﬁl%nﬁ %%r(ﬁﬂpﬁn%bcﬂa%q%ﬁﬁé h&8nPatT1edt one
"a cyclin/ con‘pl ex. he term "nodi fied binding'
modifprativarelaivedo b mfgmen«ge CKbp@mmde’émansdhatheccaptrfgt g o or more

oming 45 PR B8 g X o NP B RSk f Bfgng acid

sequeh&beoff thé ﬂifér‘éﬁ:e@ioﬁ@b}?lﬁleofln theyifig banhe ﬁi@lsetn (ixixaen&m asjdbscnbed
é%aredtothere erence CKl olype 5{
hereiny refgiene CKI polypeptidesprp P’f‘f‘é‘P‘ﬁ‘ng’@énArfé nc? 65K mf}tpsml e can be,

l
o RSP A8y SRR At L7 B ptpepit
thathﬁ@kﬂ@héﬁeﬁ@mﬁynﬂdﬁhdt he reference CKl pol ypepti de.
[0023] "Reconbinant” as used herein refers to an am no

[0022§.C I FheIBMEAGR LA blﬁdﬁg%@%b&a bRREeNeRrd Batmitas GEEN

intentionally nodified by reconbinant nethods. By the
polypewida enpededrbm arveitd-type geied wh@smrqferemm EKA pplypertidetbinds a

cycli é’;f)t[{ S%}( g‘? t%ﬂxn'al | H@ﬂg" O M Otte{)eﬁ ’blﬂdnngg%%'lﬁkfers to

the blﬁ@ﬂg B ﬂieme& CHIto &hef @rcnnfmnK Rﬁfas’ﬁ?édnyplé}o UTigk tietin Mabdified
us an isolated nmutant or variant CKI nucl elﬁ aci d,

bmdme'f of "ﬁlitq#echbmélag’hsefeéﬁ tofhe eslpredingpg okibe sputang ofypeptide
comp%ﬁleh 4@ g@%gte}e& bﬁ@ g% lee ng()ggierbIB?ﬁ 1.@% 'Q}rgg?ﬁer&%ﬁ‘iﬁidgy can
refer mermumascm polppeptide th‘anhasmquall hmcilmg,undimeé bodihg hwacqlmvai@t
I
inc LT R . o RS gt
non-reconbi nantly, i.e., using the in vivo cellular

[0023ﬂacmen@nbm@mt" pesed hereinwefars fosamHasRing [gid seanoppe gt nucleotide
sequeBFe %1%%1% & bregl{glsﬁt%&ﬁr\gaﬁ]&%odﬁ?cf ﬁ%&%ﬁ&%{ %gf;gxhtgg%ﬁ ?/:E\'}Pﬁle term

"recofn®ilahCRickdc HAd" Hepein Edlhmbln}adeﬂ;r &1(13 btipinaltpfisindé irevizro, in
r econbi nant for thepurposes of the | nventi % . A
generel, by ragnenipilatipnaisinieleicsacid by erdonHelrge 1ya opg not normally

found(r) @%gﬂp g’ﬂ% aﬁlqg(ﬁeﬁécﬂ St br @m nf EKPHE ik idgldqg.%rlﬁr%ﬁf R%8m, or an

i nant nuc erc ac d as depi cte ove
expressiqronduitordfotmeulrio &by ]sgammg Oy il bxdiesthas rrenadt moerhally joined,

are bq}ﬁ ggés:&éeégq rq?rte nant%/r e pur%%gés of iis mvention. It is understood that once

a recombinant nucleic acid is made and reintroduced into a host cell or organism, it will
replicate non-recombinantly, i.e., using the in vivo cellular machinery of the host cell rather
than in vitro manipulations; however, such nucleic acids, once produced recombinantly,

although subsequently replicated non-recombinantly, are still considered recombinant for the
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[0024] Wth respect to am no acids, a
"non-conservative" nodification neans a nodification

WO pooroiasio t he wi |l d type residue and the nut ant PCEERIH0€029349
differ si gni ficantly in one or nore physical

ppo B RS i LB SRR B ngffien

technikjess, felcthicugh thONPRdssibn bES tedombafanyhscdeiy 8did as depicted above. A
modi fications from positively charged residues to

recomyiigat proteinyis distingeished &g patyragly oppureing profein bygleast one or more
chara&&%tfc cations fromlarge residues to small residues or
VI Cé versa are nonconservative nodifications. For
substitutigns may be made which nore

[00241; §Wh Fespget foyangip agids, at"ﬁ@“@?’i‘st%‘tam’@' wpdifigdigdnsARe Bt i de

[
modlff)cﬁ phabﬁ d‘fel cac}a&gémg@%l %\ng @g:ﬁ@ rtuc %‘%{e&ﬁe gﬁﬁéﬁﬂg mone
or mompﬂyyldalqnhmues, inghudingttydraphbbicity,echatge; dige, had gepe. SFdnesxample
r .the bul k of the side ch? n. .The SubStitutIgﬂ% WhIC

modifications fia p PQfaE resiqye &2 &RORR914S OIS T Raigditications

posﬂn‘?eﬁ'?&g@ d 1@315@&% tpaL @a&'cﬂﬁ‘géd RIRIRES bil \ASe R, Eﬁlpﬁ‘édfﬂéatlons
) hydrophi 11T residue, e.g. , sery
from bmeecﬁnies to smallitssidies aroitefversa(as ninepnsertaoe mmlddtnauons For

examy Y4 Fichs gy o S oty PorE o TRaS ko BB hper gt the
polypéide baskboie inRY afh Bﬁmefaﬁéﬂaﬁib‘ﬁ fo£ é?baniplé ﬂélaﬁﬂhﬁ H@ﬂaal agbéta-sheet
el ectropositive side chain, , argin

structiypsthe gharge pshysirephobicity efithe @polecaﬂe @g;; et sﬁe or %ile bulk of the
side c%ﬁ? Cﬁ“ﬁé’&ﬁﬁ@t‘uﬁkﬁ Wfeh H &é‘uﬁ gre e&’g et a'pr@&uc@ﬁféaérééfést cRinges

resi av ng
in the phﬂpm}tﬂ]lea Ipropertles &reslhb@tmt\mméd(aj mhydmphﬂly )esidme agt seryl or
QI ne.

ving a :
fhfeor@g %@rf-@g’ h@a gﬂ NG Sl@‘é‘?a &éal ?M Frokeucyly Bhgpylalanyl,
valyl BelaW1; (BPYEYeine FSrbitels %@tlﬁﬁecf B (Rl aBf HiBLr remdue éc) a
subsfi’tuti ons may be consi dered conservatlve
residuphgving g elagimopoSitive sidie shaAs,pe g GysylomlnySexr higtidyl, mbsﬁtunred for
(or byﬁgxg ele%?odlegpg)vlgl}lé%qu e.g gt amy or aspalLfyl or dd& a resﬁ_u%’havmg a bulky

side chain, e.g., phenylalanine, is substituted for (or by) one not having a side chain, e.g.,

glycine.

[0025] Conservative modifications are generally those shown below, however, as is known

in the art, other substitutions may be considered conservative.

Ala:  Ser
Arg: Lys
Asn: Gln, His
Asp: Glu
Cys: Ser
Gln: Asn
Glu:  Asp
Gly: Pro
His: Asn, Gln
Ile:  Leu, Val
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Met: Leu, He Phe: Met, Leu, Tyr Ser: Thr Thr: Ser Tip:
Tyr Tyr: Trp, Phe Val: He, Leu [0026] The term

wO dorongnd negative," in the context of proteiPCT/US2006/029349
mechani sm of action or gene phenotype, refers to a
mut ant or a tein, or the gene encoding the
mut ant or vlg%dl am S{agtel n, that substantially prevents
a correspontysag Afg)Gii, rGlhaw ng wild-type function from
perform ng the wld- type function. [0027] The phrase
"ant agoni stMst  aLew, [la- type CKI" as used herein means

that a nut tide significantly decreases
(inhibits)aﬁt Cﬁgl"f.ty a wld-type CKI pol ypeptide

to inhibit $ernaseractivity of CDK/ cyclin conpl exes as

conpar ed to k|n e activity inhibition by the

wi | d- type Ypeptide in the absence of the

ant agoni st. . QO A nucleic acid is "operably |inked"

when it is p aced into a functional relationship with

anot her nucTsef'rc Bipj Bhesequence. For exanple, a pronoter

or enhancer ably linked to a coding sequence if

it affects.Yﬂe ﬁﬁ%i@ﬂrlptlon of the sequence; or a

ri bosonme binding site is operably linked to a coding
[0026)s e Fheetsrm "Heminant regpided, t indheebniext o€ proteif amchamm ef action or

gene phFx?oEfﬂ a}ef%Qt g%lﬁ)lgg gt:r?agtatatepro eézg\%g}l ?sepg(ﬁ:ic% 1 p%\?ant or
variant m@teﬁn thiiﬁ sutisbtibilk preverses GﬁresPBﬁHlﬂé pridteis BAViSg wild-type function
(1 ncl udi ng tlssue culture cells) and progeny thereof.
from pyrfarnaing the BHd-BgAMRCHRAI ch can be used in the net hods
of the invention is generally as broad as the cl ass of
[0027]hi @h@phrpéeettanmgaﬁmw lalveld-ype CKIY honser therin teadsrthajuasytant CKI

polypoplie Ut e naf%nfg} G ahTRREL Bilaiie CRLpolieptidg t

inhibitk@fds@ héhvllt?\’&'CDIt/@ Iﬁl ® x@§ a@é&ﬁ'&red fo difsb H&Whﬁﬂft&n by

of a variety of I"'evel s, including polyploid
the Wﬂdrtrﬁp@atlﬁl aﬁlcrpempteen the pEtheantagomisieot yI edonous
angi osperns include, e.g., asparagus, field and

[0028]8 V\Aemekafcracubﬁ MbgatablpiiaRdd" wlicadt is Shiced iHd a Bu@HOnA @él@ttonshlp
mllet, rye and oats and ot her cereal grain

with a@téﬁtﬁtl%w&ﬁldoﬁeaawpeﬁ% FEUBPLErRPTOBINT 105 CRiEEeIde opasghly linked
{
toa coafn%ng(?fenhé fggttn@;ﬁf%ctnsghe %riﬁgﬁtg& Oéladr?sﬂ,?&&gyl eahé%%‘%g@g $iftfhe site
is Operh‘dtytlmk@i toamnebditigeseliidoee iftikia mositenal sovsdol facijiae itaslation.
i ncl ude popl ar, pine, cedar, oak, fir, and the
[0029]! | Kigs R 3phntA indhedes "wﬂio&&ﬂéiﬁs R4 QR8s (é S, 1@5‘\%5} ﬁﬁhs flowers,

ori Igtl nates froma different species, or,
roots, and the like), seeds, and plant cells (including tissue culture cells) and progeny thereof.

The class of plants which can be used in the methods of the invention is generally as broad as
the class of higher plants amenable to transformation techniques, including gymnosperms and
angiosperms, both monocotyledonous and dicotyledonous plants, as well as certain lower
plants such as algae. It includes plants of a variety of ploidy levels, including polyploid,
diploid and haploid. Examples of monocotyledonous angiosperms include, e.g., asparagus,
field and sweetcorn, barley, wheat, rice, sorghum, sugar cane, onion, millet, rye and oats and
other cereal grains. Examples of dicotyledonous angiosperms include, but are not limited to,
tomato, tobacco, cotton, rapeseed (Canola), camelina, field beans, soybeans, peppers, lettuce,

and the like. Examples of woody species include poplar, pine, cedar, oak, fir, and the like.
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the same species, is substantially nodified fromits

original form For exanple, a heterol ogous pronoter
wop@ran3yd | i nked to a structural gene is fromBCEHPRNEE29349

different fromthat fromwhich the structural gene was

10030E S o By sk ahOFs BRTHERER o it epatsopirs gy 1 rom
the saﬂi@@%l A s sWedrdially bRtETed ffdn &s Bliginal ofm Dby edawplsal | y

stranded, which may have inserted into it a

heterotﬂgeu%p@momo@c@hlydmked mstw@zr@lrge@p iy Bpmiacperiescdjfferent from
| .
s S PR R SRS OB B BRHE S sty

modiffed Fton itabe hmqogﬂtononous repli cat| on of the vector in
a host celff”1 The term replicon” in the context of

[00311 h’Iﬁe% C'IVQQH{"%{%& &ée%@ﬁﬁ& %/? é‘lf)} & a éjﬁraaﬁ&}‘ wHtéh may

I 'ons arge ot herw s'e
have mmtradrmw ata seceadf fMetgndDNAe qheveesr omteplieonmat be for example, of

Lh addition, I the forejgn DNA be..
plasmid (y SRPLEER; O eRIOFS/Coniy | Tep %JﬁBP cotido BRguey s aat facilitate
the auﬁo%%fn%ﬁs relbﬁéﬁﬁ)fn(?ff \Vegfbr A a B&@ ¥ Bhe ﬁéﬁﬁt"%hw ih EHeQ:oﬁtext of

may resu I'n conversion of the viral
this disclosuraalsd mludawolvmmimtldcrwlelcmeaegﬂém élagtargmor q)ﬂ;erwme

Rt I PP O PR HERES I P OO B da addiiop whie

the fofefi DRAL Iﬁﬁ}i)b@ﬁlséi%tlﬁﬁlan}a (86, UbLex Bt ADINA ek o6dtad| e
or screenabl e narker or transgene. The vector is used

transforgnagion of ferviral rretardyAgrogrhoreedl TeRbEES IRV EHOD oathe viral
o LRSSl R T ot R b ok
whichtin®DNYoabt lﬁlhtr@lﬂmﬁmﬁﬂ lin mbllhostaﬁﬂ whickfat exanpile sepdicatel the vector

vect or _.and |ts i nserted an be gener ated. ;
molecple; gpaedes & aslgetable,er sprsen e gigfker gF HaiiSeenss et VsRiobts yspdto

transpggrtﬁ‘é ﬂ)?elgﬁ oM EHRIBEOBNADNG 4 liAbR HHSEdelIC IRERS MEBost! RIL, the

the vector can al so contain the necessar
vectoretag rrqﬂtcatetm@pep@nﬂytof or emsddéntalivith e hoﬁ@hrmﬁmehgﬁmand

v e U ERE R R BRSPS PSR, B v

can ta@%@ﬁ@&ﬁbﬁ Bf #RIbREh Gdeicrdl0f@IsIYNAAbA HosSemoao®ene. In addition,
enents adjacent to the_ inserted DNA that, all ow

the vegton aat alsq epntaip therecesvny olementuthal prrwitiransriptign of thedpsprted

oA I FHLGR oI O AEBE PP BER BTyttt PRy

multipll eopgies s RINAa S&g&mpmd)mvéctm ﬁédlsomaﬂyazon'ein wqudrtaelements

s B  BeTa LAEBOESAiey B it S0P R

Many%&l@étﬂes%f@ﬂ%ﬁ Acaﬁlldlpol};ﬁaﬁtléeeén%dédr@ncﬁg &38ried BNA! &anABis be rapidly
only to that portion I nserted that is converted

synth¢siged. RNA, but al so tiiose portions of the vector that
are necessary for the transcription or replication of

0032) herhRhm Htranagkietviettds" rafels 18 ASEHERE tHAE eehtMias ankeasElakiynt of
DNA,Ctge ’ti'almssgenae," that is transcribed into mRNA or replicated as a RNA within a host
cell. The term "transgene" refers not only to that portion of inserted DNA that is converted
into RNA, but also those portions of the vector that are necessary for the transcription or
replication of the RNA. In addition, a transgene need not necessarily comprise a

polynucleotide sequence that contains an open reading frame capable of producing a protein.
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pol ynucl eoti de sequence that contains an open readi ng
frame capabl e of producing a protein.[0033] The terns

Wommamsdsm med host cell," "transforned," and PCT/US2006/029349
transformatlon refer to the introduction of DNA into
The cell is termed a "host cell " and it may

[003?ﬂe thnﬁeﬁk rifpasiosmedt host eelka themsfmél' pod "rtyq@s%)anatlon" refer to the
1n'£IOCR:[(>F‘151§l 5%/_6“ nfhoe? Lelf e'hle cell ?sﬁ: DclrJ 16%% 9 %eilé'sat.rﬂdgh?lax E? P grokaryohc

y-

aryotic

ora e{Jk:argotlc éﬂ]n df}@lcalspmkaﬁybﬁ@ho@ bel[ﬁhé‘lﬁd@ﬁdrioﬁs &fdind OFE. coli. Typical
st cells, insect cells, or animal cells. The

eukal‘b’ﬂ‘tl? %‘?ﬁu hiedlls armplapteells (a8} Ganioke, 8036 ripg o msizecelleandihe like), yeast
cells, ENERIeNs Y afftndl Qélgs;b[?m% (?(ﬁl%@(? HnANe: usJeﬁ 111 [ﬂ]i r]?)%é oﬁ 3 ygctor

sequence € sane speC|
contairghg aminsértedrpiere d)lf D‘Na‘k eTie iapedicesd DN mqhbxﬁcehﬂ@t becRbth the same

speci s dhgOSPREAL PSS RN RGeS #0 A sy be a hybrid
DNA%E@Fe‘n@é cohtRH sohdd HIE %'FBWAeﬁd s%ﬁe%hA 11¥&Ieﬂluﬁ1qg§h&? fhecies.

nucl ei ¢ aci ds, correspondence” to another sequen

otid r am no ac:ld
[0034éos]1% the feGthsg BT Fﬁipﬁ%}zsaq R4 ARG i st eR e, Jp fother
sequeRBeTRES | raSioAs Q‘ﬁgﬁ‘ﬂeﬁ@ fe]dduab &Oﬁlhﬁil% aeld ﬁf’e&@?ggﬁs Bt bk tike) is based on

position number, and then al I gning t guences |
the congppiéan afmbeeNg mczahng teenuelentide ondminaetid posities number and

v IR 8 5 A6 o SRR et Sy o amin

acids e ntaichyat eddbqreitien)wd, ia |a|méﬁﬁa§t fhaomexitiZes the broeBfhige of sequence
g{; ndi ng regi on" need be identical, non- mat ¢ i ng

ldenﬁl% cpetccnof il Rositpscit ®E{y6R deartsspangingrregiay’ ared be identical,

non-nﬁﬁ&ﬁﬁ%ﬁ&ltﬁﬁls vﬁe 18 rcgr?é%?bﬁkﬂn@ hdnl R8Pbe rg@gr‘agti ! 'Q:%l’rXSpo%amg

~used herein, r 0 an m no -acl
posxtlo,m t é@p@lﬂd]gh&g a$ usedriersin aefedabko&mt"ammo)ﬁmct{ﬁosﬁuﬁlmmeipoﬁdmg to

f I ol |
amin G BB ER, R R R S B 555 e o
equwﬂ@ht)ﬁb@ﬁbhﬁﬁﬁotﬁéi@e&igﬁ%& aialpolRRRPHiRY WSS stRRurhPBnhd16:
[0035] In a typical enbodi rrent of the E)resen Bues and
familigsyent i on rel ati ng to the KRP superfam ly of CKI
pol ypepti des and nucl eic acids, "correspondence" of

[0035hnilna tysica embodinwineof the eregertiihvedtion sl ainp)td ﬂﬁﬂtRF superfamﬂy of
ned,with resp ect to amno acids within t CDK

CKI 3Fipgpt S pagrbsicteapidhy GP%%iPPa@C%'mf@mm@ agifgr Tgteotide positions
are ty?i'cﬁlw AerhBddORith %@&g it moa}élg%%]@ﬁ{ glg Ak Bl ¢ region, or

Fg ons of KRP pol I 'ng reglorrs
nucle¢ies ergodingtthe @m%bmlmgircgbn sEqueraltys as danpdred/toasther regions of

%d %elpﬁﬂ(ri%slt, K‘:&) 188%%591?%(%@ Zlééla h ol %trf(zfﬁgar.lé@uence identity or

similapiey. YPIa#R} brissuitsble Gechaligné fcfr)ﬂe&?mﬁﬁi&%‘@le @(DI@ bfn%ﬂig]q@gon of a KRP
sharl ng substantial sequence ide or simlarity to

CKI palyp lmdamtrfmangnmcg paithregionesheting S@Sml(smlue(nﬁ@rdentlty or

Slmllagr assli ca napusao%g) | %%}l q‘l}{)ﬁlc Ie? IW%%%I&QS(S%%)S{ 181?? 188111 about

ammoseh:ﬁi/\pdmgtlm 148¥1 6® oB\Biddsiz8 emﬁrsqerpal Bf mng e, SEY EFidhire 1,

CKI nbers with BnKrpl.) Once sequence

fam
showipg ap é@}ﬂ?ﬁ&f‘ﬂ%‘ﬂl@cﬁ abigroent 9f Ffﬁ@"fql géﬂ(fﬁrnﬂﬁ mepbers with BoKrpl.)
Once 8 SRRl totetPondRBUE FEDK binding region has been determined by sequence

alignment, corresponding amino acid or nucleotide positions can be determined accordingly.

()

10
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al i gnment, correspondi ng amno acid or nucl eotide
positions can be determ ned accordingly.[0036] As used

whereiom31y per cent age of sequence identity" is PCT/US2006/029349
det erm' ned by conparing two opti mal 'y aligned

over, a C ard son Wi ndow, , wherein the
10034) 0 A B el oS RR SPep i My dommifer o sorgring two
optin@UyRlixe REsinctORRr 8 cordBhraboh MBddv, vﬁlv%elﬂ ortion of the sequence

conpared to the reference sequenc€ (whi ch does no
in thecoorgrarisen windowi can sompristeddditions oy déletions gt . ngeips)edsi ogmpmﬂ to the

roferdie (AT RERIRRTRD comBRsEi e Gelolonl & cpfisil alighment of
the twod@Qhémeas. T ﬂ??d:éhta%@ igedagfePby é&bﬂﬂnﬁ%‘tﬁe ﬁtﬁl%e‘il W€positions at

occurs in bot ences to yield unber of
whichythe dgragiog) é@mw a¢ 9T aning acldgresidnwbercutin bethshkeutnees to yield

the mﬂﬁﬁééto'f fchga Bgﬁorgsgéﬁ dngg %Wf”&/‘?ﬁﬁl o Hoglilgp% Q}btshe tetal

numbtoofypositidng rethp erigdw eQNYIariSQOMNGELHEBIY th yesuit @?36&) to yield
‘identical” or percent "identity,’

The terrtrs
the peerntageor §¢quengs I96ntiHr e nucl ei ¢ aci ds or pol ypeptl de
sequences, refer to two or nore sequences or
[00373 u ts@@q:msdb@nnhaat’ oppacdnh idemtitg, " o tHeavsetedt GM®GIok ke nucleic
clent e of nucleptides or anino acid residues that
amdsﬁp&o %g

8 HEUEROCE, TCTCH by bW QI POIE P eaUS PSSR APSgausmoss thatare the
same Eﬁﬁéve&cé%mﬁ@&/ ﬁer@&ﬁ’ﬁglef nﬁéle/ﬁﬁ&@ '& h:gpiﬁ}ooa\éﬁf reﬁdﬁ&QHétfakéeﬁile same

ion), when conpared and
(eg., 6 rlé%}}iﬂéh @pherally\68f0, F0%o ﬁﬁ%l; B@%nSS%;&ﬁSW or@ﬁ%aldentﬂy over a

red us one of .the
speciffie B0 Stheh S8 Rftea AR AEPRA B tmth SRS Do00o oterta
compaisog Windiw, 0@ desighd@bd fRRPCES inOiburcdARHBYE Bf HeSollowing
"subst anti "al | y.identical" to each other if they are at

SeqUeNGELOMPIHSRN algdrishmy; on by manugbalignment @@s\ﬂms%p@tmn e8equences
are "sél%%nhﬁfly id%ﬁﬁ al"*%nc Bthlﬂeﬁ*ﬁ{eg/sag{ 9t 184st ?15 ?ﬁt ﬁgeas% 30%, at least

denti cal ese |n|t|on so re

35%, @fdnq;t éﬁ%nat lgefst &S%Saiﬂe%’eﬁﬂ%melt léaptt 350h Rlehical.t Tiese definitions
ists is at

tid t hat
olso i the Spofpogid ot aves Secienced Frstomsiny, i o o v
polypqh?ﬁla regién At Rt RAHGHHRY eﬁ‘Hﬁ§ ablﬂs kc%ﬂﬂt%g‘m 1Blgth, %@%asté@gﬂtt 15

am no acid residues in length, at [east” abou
ammoaﬁ?%@ff@ﬂéﬂ%dnrl%m @bleast abowRtamina acid e@siueabdamgtﬁ,oat devstabout

35 amﬁf?)' ééld‘ 1%§1d9 éﬁqﬁ lér][étl#1 %F%‘é& bt Sbtangrelﬁ a(tclfl Z&?sg ug%} e?@.b,l Qt ?east

am no acl ds or- over
about dam:mdmnga zsmnbl aadﬂﬁi lymtdrdﬁelf £ghddéic adil r&R6d @ichlng such a

erred pects of t present invention,
polypRiGE EEEGE foreBts it pra e s pLA preen lmmtlﬁm,@dieﬁlgnated region
for cotB&tisRR 195 COIHIndRS! Y g:?t)f ge I? %@t&ﬁpék&gpé Sk 9

conprising a portion suc eglo

comprigingod yerépt ofiechediDK bamhmg fegiong osmpdlypepﬁﬂ&rdgﬁdiﬁhdﬁg:mmg such
aCDI{ﬁ%d%n o .0038] The ternms "simlarity” or "percent
Mg g}n in the context of two or nore polypeptide

Egences ‘refer to two or nore sequences or
[003815 ubBetgas camilerigt’ on dpescent sipdlerityi, bit the caert afjbv@br moteno

polype%él*i«lgj %eéqgé%%y,g%fe‘f ?oagwoacgremgrletsgqeurengeg%r W ns%ql?erncg’sl tﬁ}if[l h%(re g %peciﬁed

percentage of amino acid residues that are either the same or similar as defined bya

conservative amino acid substitution (e.g., 60% similarity, optionally 65%, 70%, 75%, 80%,
85%, 90%, or 95% similar over a specified region), when compared and aligned for

maximum cotrespondence over a comparison window, or designated region as measured

11
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conservative amno acid substitution (e.g., 60%
simlarity, optionally 65% 70% 75% 80% 85% 90%

wW®@r0098%3%9 M | ar over a specified region), whenPCDORENEER9349
and aligned for naxinmum correspondence over a

w ndow, or designated.re |o as .
usmgr%lagﬁ 3@29%@%@?@68?@ ¢RRparigen %}a?rﬁéng $maau shigameaind
'l "
e D ——
at leaﬂ@ﬁ%, at Jeast 30, nhbystaﬁ% at lehst 468%, 2degst éﬁ%l atdedst 20%) oradt least
0, 0, 0, 0,

5% L. ?ué’rgggc/ g@eat atzéna 2 g@k S%}f1?tg,§v?r?rglgngast]%{t§sgq{qleast about

6 am1@ taéﬁ ‘9&|1du)és i f%héﬂmsét%a{s%ﬂotuy 1 ?%‘Ihﬁfosacm’l%&dﬁ‘es i QéngBh Ehg%st about

is at | east about amno acid residues In
25 anlin@adid wdsisiues Ilﬂeagm,mj l@st aboanﬁ adoiee acid rbmﬁ@slm leapthl atdedst

out. 25.am no aci th, at |east, ahout
sbou N ip i Beeified & ok ort lrtgBabi ' it bt o tengtn
am no acid residues in length, or at |east about 100
[0039% In@méalammtsafuﬂusprpwnt vention, foodeBiminatioreefi seiwence ldentlty or

d
st 350e5 el P B B B R, S CoR BlnBirBEEhOFR CRT,
polyp%pl{de{:@mﬂ&pe}ﬁﬂlé rb@oﬁ bemplidinda ﬁ&tlﬁﬂ of Qh@TDK bandslg tegion, or a
peptide, a polypeptide region conprising a portion

polypsvh%&e&%cwwgam% @P&Wm&rfegampm ypepti de region
conpri sing such a CDK binding region. [0040] For

[00403 e @ue SR C0GEENpasiony), tygtpnlkyanlnb yequercesatpmaaefeaaics samence, to
r ef erence sequence, g\]}ghl ch test sequences are

whicty S5 SSTHECeAIRE FOTRTRY WHER HRIER & SoSRERITRsal YapithRfost and

referén8Seqadiites HeRNRAEEINELAHRRNGRS, ABeRRAG! QRrdifiss fe de51%nated if
conput er, subsequence coor di hates are desi gnat ed

necesspsY,cang aec;uenm]@lg@e@uemsram Rownethunapy dagigantiega Pafraltgregram

ram ar apet an_be
paranfies SRR 35 o BROAYE SorBh B D BEASTELES 108 Reincer
compatpu aleitlan mrda&mtatasl tﬁ@p¢rbéiﬂbéd%téﬁbe&détﬁﬂieﬁbﬁﬁnﬁlﬁﬂﬁes for the
percent sequence identities or simlarities for the

test S%l%l%ceg sdatiivde sheigfesence sequgnéa, based pe ﬂﬁ@ég@ﬁhﬁ%ﬁé@ﬂs
based on the program paraneters. [0041] A "conparison
[0041h lBeomipasisonwadloheg’ & uspd hq:reinumehldessfe&reme@ teegment of

t.seﬁmsnt of . ontlgﬂ{) no. achjg or nucl eoti ge d

contighQas grpipgacidor i SagH {) 25ea4Rfip LAY fe pompared to a

referch€d RKBAE of GRUANSuHbet Bﬁ:o‘ﬁﬁgiﬁ)uﬁ BYoRIBbnOLfef Bl tvB edifences are
positions after the two sequences are optimally

optlmglly gligngd. Withhreppash toceompsrisemee K Epmypsptideq in accordance with the
preselﬁ%\yegﬁgﬁ adc%ﬁlﬂaﬂs &/ﬁ{dgarnig %p alﬁlp ﬁIOPﬂ atluf %‘{tboép ?&?BIJ rgglie

npar’i son vvln I's typl roma 0 ab
contlﬁﬁﬁs ﬂmnmabﬂlsp@pica@w ahusit 810 ﬁh’buaSO %ouﬁ @/ml abahﬂ 35, albmwtls 6o about

100, ﬂi’gwal%égébglﬁl@aﬁ@%égﬁé S@t 3%@8919t 21)5}0@501&@&@ aé?gut Foigbout 50

contighBud ﬁnﬁﬁg%ﬁdﬁ@de dg??%? tBPs c‘c‘)ﬂlﬁﬁﬁ&ﬂ%’éweﬂ known

am no aci ds. al i gnrre of sequences fo
in the@dmﬁptm ahgnnenﬁ@lflsequnmm f@rmotﬂpenmﬁcan@ptcomhicted for example, by

e o R sEIE5D SO RSP TN, 452, 1970, b e

homogiggglzlgh%ﬁ%igoﬁmmfmedmh@awwuhé‘&vu £epBididi443, 1970), by
the search for similarify metﬁod of Pearson and Lipman (Proc. Natl. Acad. Sci. USA 85:2444,
1988), by computerized implementations of these algorithms (e.g., GAP, BESTFIT, FASTA,

and TFASTA in the Wisconsin Genetics Software Package, Genetics Computer Group, 575
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honol ogy al i gnnent al gorithm of Needl eman and Winsch

(J. Mol. Biol. 48:443, 1970), by the search for
warerhaBiey nmet hod of Pearson and Li pman ( Pr ocPCTMES1006/029349

Acad. Sd. USA 85: 2444, 1988), by conput eri zed

sciolgIE NGRS 9F 1) B S 55 o e e
AusueelfazW@Waﬁ@aeco@nﬁfov&ﬁla%bg;ﬁuﬁ Qﬁ@ﬁ?ﬁglﬁgm ence

Madi son , or by manual align vi sual

e LT R ———
ahgm[n@ﬁMf?dm peoupxdirElhed Qéqanéts kil p@é@é’d’siv% hehidvsisd> %ﬂgﬁyﬁnts to show

EUP creates a nultiple sequénce alignnent

felaﬁgﬁ fpefcgp%qegaer@e adpéﬁ% Jt 2lso plgtss togras slendagram ahowingdhe

t
clustefi‘félg%éllﬂft?@}fs ‘{a?ét Ak g}néeéﬁ o?ﬁ%lﬁﬁ{l)s%ggm S ﬁ@n of the
progrcdswecalhgmnentlrmghwcbbfdfengmﬁ@ Dpslitieqd M8), EvsIad 8341860, 1987). The

t he

metho| i SE8miar g Thasmeibig dewrRetiby hﬁéé%&'nﬁ%@%dmms 451-153,
1989) e proithe ot gy 00 8 ehpos) B T DR ME ehly af 5,000

Si

nuclegifgegpOsnionsids1 The nmm&ﬂ;: aligitveenp pmgr-:cam 26@?ehzitﬁ Fhe{RirtAse
gth of 5,000

signniehl R B RS ofinacdetiad brodeian gt st
This cﬂhlimeﬁt%ﬁ akR@@IANG thY ekt b8 rBRtIEARNE & gf1gﬂéf’iese9\nences

most simlar sequences, producing a c
Two %‘Pﬁt‘ifﬁ atiseqBensen asaligmed by umeﬂwtmmm@m@ammnmhmf two

1nd1v1§§ag Eee ﬁées ?ﬁ]@ %ﬁ?l L%I%H é}rga\(fgz%’%lgsrelaPSeO I'P %ﬁ%saveo 9a15w1se

alignngdoisp | ’Eaeqxb Snmiio rulﬂ’ﬁy dé%%naﬁmg WeGificbdu@noRthd Meit e\ﬁﬁ’mo acid or
equences, The final alignnent is achieved

|
nucleo&{%l%&o F‘}aaé%“ B regions PEssgpense camprRtios and by desigratiog thirprogram
paramEfe@sQ M@ing BIEP, B e ARS8 F@;‘gé&% is Q&gir)%é& to-Othet TLKF geqélap%eﬁ do

their amno aci'd or nuc e Co nates for-°r
detemgfle g:@qqemn@seqmma identity rhationshiplesngtha thligvih s Paratme A Mefaunlt

r LEUP fereng guence S
cgﬁnp@r :g’ (%(f)a“gs ?@%W%&b@é&g dtvﬁlé@? ¢4} g7@s.t RE-EUP can be
obtalnpda frosithe SEHSYGEndedRlykik ¥oiRhRIphARSH (L 74 uVs‘érﬁgngl'@)e(Devereaux et
L, N ZfJﬁf%M af;aramsters default gap wer ght ,
ak., Nug SR 3R 1&Dght (0. 10), and wei ght ed end
aps. PILEUP can be obtained fromthe GCG sequence

g
[0043]an Angthesexsofpeef = qigﬁﬂthg&hz(t&s Shitablegbsdedminiflg percent sequence
ereaux et. al t&@ Adds Res. 12:387-395, 1984

1dent1t§r 56% ﬁqumc&siqg}lalgx BLAS ang) %Iezﬁﬁ’{ R algerithims, which are
descnb‘ddl ih AlHsendl OF aﬂ@%ﬁ%‘l 'Hc"*dls"l‘%sﬁ% §§82t8 m%ﬁ%gﬁghﬁl LA (a]

quence simlarity are t
Mol. Bgylg%ﬁ 403n410, \l\PﬁP(Bmeav@tmdsc Soﬁwai’elfnr pirfosaing BEAS@ |analyses is

g A5 ki Al

lgorithafi hwﬂ firerid ;
algorithiafihvalves flreiridagl Q‘E:; ﬁ%%%q@%ﬁeﬁﬁ§ $H§P99 BPliddnt¥ying short

]%1 @p o] e t hr oug
words g BigyIuety ssAneRce.oRhiclT Rither aater drtshtisfy sermk pesitive-valued
thresthﬂ E&ge h gh&ﬁwﬂtl 9§ of {h%%m%g e %P G aldfat a%gse(slelgl?es ce. Tis

referred to as the nelghborhood word score threshold (Altschul et al., supra). These initial

neighborhood word hits act as seeds for initiating searches to find longer HSPs containing
them. The word hits are extended in both directions along each sequence for as far as the

cumulative alignment score can be increased. Cumulative scores are calculated using, for
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words of length Win the query sequence, which either
mat ch or satisfy sone positive-valued threshold score
wa2efens3ad i gned with a word of the sane | engt hPCTIUS2006/029349
dat abase sequence. T is referred to as the
nej ghbor hood word score threshold (Al tschul et al
nucleafifisrSgyuenves he naranegiers MhErgAIceotsder apaitotmeishing residnes; always

>0) aﬁ& g\{j@e ﬁ/ éc?ttfo %gatamﬁr?%l%ﬁﬂﬁes, gﬂea&é‘ g toé 1'5@ Pé],[d sequences,

a scorﬁiglﬁﬁihlxdm aseﬂl to ogcelaeihcamidnbe store. @ite‘n&bn aﬁﬂiehﬁord hits in each
umul at.i ve al |&)§ment score can be increased

dircotiom e h@lrwlse@o sumplative plignmeng scoge fallg offtythe gypansity Hefrom its
max1rﬁ§rﬂlé% | ng r éS| it ﬁ%%cc% %5@3\6\? zgrogﬁ‘%éff)wf fc f a1 1

g y score
accunfudation csﬂmb ohinoge m@aﬂmhamnng residos akigiihhents; @ tlmmnﬂ@f aithet

sequeighiaraEhuh Ciach pAS EUEER T HmmelR i, Bk AEoRR g 4or

sensitflitySal 'sﬁ&dq{f%eheﬁi @ﬁ@nm BILASTIG Qlﬂfﬁrﬁﬁ (o8 n@élé&ﬂﬁ%@ﬁuences)

scoOre falls off the quantity omits nmaxi nrum
uses aadbfaslie e woadlemgth (Wé Of:LﬂmhaKpacmtmncﬁE)smgMEM 0, Ner ot and a

bel d to,t | at f
compi g i ppltSaRes, & o BEHA AR e & B RS TR gdimem gpos as
defauld &%fdlaﬁéqmm: &nl $x dﬁ&&ﬁbﬁ@E ) oth1®, Bid\Rd BACIUNIED Broring matrix
arameters X determne the sensitivit

(see ¥ Ronika rPgmré\W e S, RSAROpHBEPAME: 8992 sligments
®) of Y e fbkiten SERIIOEERS 5> P Rp R IR ER ",

0044  JTRAST 3&&33%%?@5%%%@% St T 4 e simglrty beveen
two sé@%ﬁjée%gz Qene 97 K3rlinBhd Aﬁf%@ﬁﬂtﬁdcoﬁaﬁ E%c]gzngc} %&zﬁ?@é?‘?ﬁ%ﬁ,

scofing matrix (see Heni and
1993)PiQme. médapite, of AipaithritySprovidsAbg thelBRAST a0 tithm isaBE ymallest sum

probaBb TR, e s Pt by pyguigh gt between

two nikdléstitedr @Riind 41d SdqencRe WoaldTecir 15t dhlah&el |Bbillex£ﬂ1ﬁbya§mfclelc acid
of the simlarity between two segluences (see

is congidener gimailay to\p refersnee seppenee ifithe smalleshspm s@bahym ina comparison

2
of the g%(t) \f}&éég%@i@ t%) rﬁ%egr%ﬁeél?gﬁﬁclgi???ﬁ:hg Ile:g %haié %(&u% Ib: ééft‘plcall%less than
about Prodbaiad inbtetypiedlN) less thim aﬁoupfmm.des an i nd| cation of

the probability by which a match between two
nucl eoti de_or am no acid sequences _woul d occur b

[0045} 1 S0e homelogs padprtologs G @lseibe idgntified ysing HisiHepelgGene
resou%l;: gEJc}%rNeﬁR)ngi é&ﬁ&rﬁﬁﬁt&mgﬁﬁf(ﬁga@lg@ pﬁgﬁ?[ %fmﬁgﬁg or

i1ty in a conparison el c acl
ortholbg of h first ebms eancacoled gene pasiudt that Has s shinar albmmiarGuistion as

e ecp Bl ghebil 6Bt B s ABONR AR RS i i
sequefdels P b&%eﬁﬂ@s AleDRthERgh QQHit'tﬁé ﬁaefdﬁigeas %éﬁ% P H&hﬁl@ﬁﬁﬁt (e.g.,

resource of the National Center echnol ogy
rescud) pfngilradielesd thana@pgenops peneon @@ubary@m mu a3gresfiomsystans.t
gene can encode a gene product that has the same or a

First geno. ARGPHEPSCREIER QR EREPRATERGE <Y 2ot o

[0046] Figure 1 shows an amino acid sequence alignment of Arabidopsis KRP family

members with Brassica Krp family members. The sequences of the Arabidopsis KRPs were
obtained from the public database: AtKrp1 (Genbank # U94772) (SEQ ID NO:2); AtKrp2
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sequences or pol ypeptides are orthologs is that the

het er ol ogous gene can conpl enent (e.g., rescue) a null
wa@bkdoehe3ed t he endogenous gene in a eukaryoti cPCEUE2006/029349

expression system BRI EF DESCRI PTI ON OF THE DRAW NGS

(Gl By S0 SERAD NG AT Gk ¥ G GAT LR 1D NO:4);

Mkep ARk ER G TENSROAANORY AR TeliAl RRgfen i smo

NOG%‘W(G#II)WEZ %Bc;gfg? (BEQND: If&), 7[2ban3§1 AtKA'%)Z((G%nbank #
cacfiah bR I RRE) tmeqisnersibr e drgsoicati pa rdnb SHROD
NO:6SEBRRRIPISERING I KA XSECPD AERNHEB ARG RD:71), and

BnKrp(SHQ IRMND AL Rvere tiainbd akdetoibedan mampxesglfazﬁw IS 8hown is the
. Th i ca KRPs (BnKi SEQ I D
aming G BN R B (S TN B0y Bk 4 (SEQ 15 NS 70)

BnKrp5 (SEQ I D NO 71), and BnKrp (SEQ ID NGO 72)) were
00479 btrERGed sh kfdegid i \ : (
[00479 Fi%t([el‘@ sBow8 88 eideesid %q@f@gﬂh%%%en(t gféEQJrlﬁ lgs%.s@sl\)?b%banola,

is t am no acid sequence for

soy ($ESQ D INGril fla peplar AR NR: Ehi tebacsei(BEQIRPINAUS).avhagh msa(SEQ

f ] , I .SEQ LD NO. 1,.1), ..
0 G 358l R 10/5838, b LR SRR Hyhgine e
high degee® off SEfdchéd 1ehtith Wathitothe UDK bin(Eip@onddidNO: 16) cyclin

and CDK bi nding domains, illustrating the high degree

oSS et e S e G Lo
optim$RH YSNGSfeskiBAn DAYR, &gﬁg{; PRy 7E4 A P53 (SEQ D NO:74)

expression in Maize, coding for either BnRrp
or BnEKHFIAY { 470 HIDTNCF I3 (SEQERKNOE75Y149A; F151A; F153A ( SEQ
I D NO 75). DETAI LED DESCRI PTI ON OF THE | NVENTI ON

[ 0049] The j j j itions

and ot hodBeH YRR S Kbg AaNER B R P

particul ar, provided are pol ypeptides that antagonize
[0049N I'TthetpygmentGisierpiontcompriaseoinipositivnseand nkahodsaot mbégating/slant

mechani sm. . as wel |, as rel at ed, pol ynucl eot i de; host .
cell diygyqns, tnaa}%%émrewsﬁi%wpﬁmﬁé%agtagqalzwié-@m@%lmmtem
functibn MadfdotRihhRinéeMivehORIAGH! £& W&Péﬁ%ﬁted%%bﬁbﬂ&s?hoest cells,

pol ynucl eotide encoding a variant, dom'nant negativ
transgepic phastts pag icthwds famsh et dAtwidp varidty obtraisgemic se@os,

dinvention. - \VWwen the. CKl tranggenes, of the.present ..
contaioiREgt BHIgeLaF aptdinR o SCtpiaR ety CE PIYERgide, can be
used tplpRdtticé Blelprébieut il @ftiohs WRAUhACEY tradspenesiuhebre@it Bfvention are
. cel | division may occur throughout the plant or in a
introdppegkigio plants paderispssed plaat erlindiwisioadpaediiatpdy Jba madalation of cell

e s hL . . .
i 5y S BIRR ot BECHAR AL o Rk b o
upon thedypeaifipecinoter sagueie dperablyrlinkad tdoibe wagaht CKIdcmegsneale

particular, the compositions and methods provided herein can be used to accelerate

progression of plant cells through the cell cycle, with a concomitant increase in cellular
proliferation. Using the compositions and methods in this manner allows, e.g., for the
generation of increased crop yields and/or seed size in any of a wide variety of plants. An
increase in crop yield can include, for example, increased leaf tissue, increased fruit,

increased flower production, increased root mass, and the like.
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progression of plant cells through the cell cycle,

Wth a concomtant increase in cellular proliferation.
wojgiongidsne conpositions and nmethods in this nmaPCEDS2006/029349

allows, e.g., for the generation of increased crop

ields and/or_ seed size in any of a wide variety of,
10050)] cRertealfe PP RSB Sof s BpLPPER e SHFFOF R polspopde is a KRP
fanil YRS TP P RERIne Bittont iEhifon s BB Tehet il on he,
discovérg that kiee. CIOK Biuklihgregiomt df KR Mfanslyhmeihbers issprivharilyeesponsible for

b e K SpBex o THRABR ARG CPIky BRI FeBaniaLEE funily

merniies 48 33bos e PRG Lyl HLinfRe R KBS 1M Acherdif of mutant
proteine $ipo aeiplattufagly eiffidzicivut domifanioyeghii ve dRigooistad foxibdtype CKI
funt.Thus, targeting the CDK binding region in KRP fam |y
“YBnbers (as opposed to the cyclin binding region)
allows for the generation of nutant proteins that are
MutaniACKT Polypaptidese NuiclesrAeids, add Yiegiors negati ve ant agoni sts
of wild-type CKI function. Miutant CKI Pol ypepti des,
[0051\uCTiRl CK sl Aseptiaenbf R present [neftdn afé ik 0P PdriRe piotédles

. . of the present jnvention are nutant or varjant )
distingpighablqgompmatralyincsmammeer wildriypatkinl The weeat ¢Khpolgpeptides
. r
complfke {ILAPEb i, KRR o iR ORERULBERIETER, b 3l e
CKI grofeirpsiptthead@DKeorgyclimbintding régimeoGKe pruteih e Mypical modifieations
. or cycl.in bjndi.ng region, of the protein. Typical
includfypipe ad S Bpd % i dgletimbsicommisadd he
corredpdR&hk wildStypdidh&iced PLRICLRAT sARabTOMBATRMAIR akdEmino acid
_corresEgcndl ng wild-type sequence. Particularly
substigutionablnecertain embodithens the eriani GBI paliypeptidb soimptisésan deast one
In certain di pents, .t he .variant CKI pol ypeptide
Hon-CRoMH a‘ltlggg‘ogﬁﬂblé@%’é&?%haeswsﬁwg servative nodification
e.qg., a substitution). [0052] The nutant CKI )
l0052§)o| tpn LKIgrolyneptidescofdba presepb v Pipnaare deiiianbpgeative

proteiiE0Rhe AfinBhl it sbpfoaCI AR D e AP R B plrices
havinp &y pelypeptide regiommsspareiehr iatalgd inrfGDK \ead ciyclirCGibdiapd The general

cyclin binding. The, general rQach for creating the
spprofefhion AP e P PAseR FSHRLS BRI B GUERt FGaien BHude
modifg_ﬁfg e f IRAhdividual OPR 20 8 biading ksials ol 1@ by olvil-type"

inding regions so as to nodify "w ld-type" CDK of
CDK ¢y eydlin bindirs. ribhis medifiedddPI ioe dyatinrbinding yegidmeapi ragiiltriy either
. j r ' it her equi val , _reduced . or .

cquiviiE, fdufibe cfiiithared Paling 1S o Bt G Rk coaia 4% wita-type
polypefitilenilh ditliey paseptheypemiond@ouldl Fedvicé bieglingiaste thé 0¥ Is kinase

mut ati on woul d reduce or elimnate the CKIs kinase

inhibifQfl pe Y Y1 grder {0 depients dosipant negntive Sikdrpolyrephideithat can interfere
it SRR OBLOMARRLL 81kt LSRAGHAY Y oo

compkeuts (Pntot sdblstanbialiydinhibitdhie bydih @K complex even at high concentrations;
and (3) compete with a wild-type CKI polypeptide for binding to the cyclin/CDK complex.

In vivo, mutant CKI polypeptides that fulfill all of these requirements result in elevated
cyclin/CDK kinase activity in the cell, which in turn leads to increased cell proliferation and a

higher mitotic index that ultimately leads to plants with increased yield, larger seeds, and/or
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conpl exes; (2) not substantially inhibit the cyclin

CDK conpl ex even at high concentrations; and (3)
weeomwpeiasinith a wil d-type CKI pol ypepti de for BPCTHUS2006/029349

to the cyclin/CDK conplex. In vivo, nmutant CKI

pol ypeptides that fulfill all of these requirenents

some oghsy charpeteristis\astosiatedyath # deveted euctin/ UK kinags/agtiyity i one or
. ich.in turn | eads to increased cell
moreg%ﬁsfo\g‘rﬁg ligl%tpand a higher mtotic index that
ultimately leads tgQ plants with increased yield,

[0053] o Tgdhe msbenlar carp O QB ReBrMides. dheiC R BRisgiesion, which is
primdH Bt My e Bk M S R 27 Pl eifdes s

targetpd farimadificatiase of KRP pol ypepti des, the CDK bi ndi ng
region, which is primarily responsible for cyclin/CDK

i et : BRI . :
04 82,01 PRI, 900 by £ kBELNDSES s, o
deletigns. t Bdylezampldj dminancidssbstitiond earabe gameeatédias modifications in the

ODK g sveli-biigsPos P FrdSie Y st sy i, dniko acid
substitRibink cedbd Siherdid dshgodi¥atiohs intBe PR blntih@ cpSlinBintRgi8fon that

that reduce or elimnate binding. Simlarly, amno
reducakorelisiipates theGkdrishibilerytaetivjbn dnayrical ambodiidnis at leagione non-

1.0, : cl.i n-bi ndi reqi on t reduces,. ..
conseffhyP Syl o i DAoL B R o R pincing
regioishasticte dispupt af mlog$ bindiigy TARCORS poyBEFtidR tRIUDK o€ tytlin

Substitution, insertion, or deletion in the CDK or the
proteigyc| in binding region is made to disrupt or nodify

bi ndi ng of the CKI polypeptide to a CDK or cyclin
[0055pr Substntutipix) K1 pSlipsptideutintanta lareGlosephhtypep bl Idast on¢ amim acid

~..are those t have at |east on ina.acid residue in
1es1du£ n élﬁ"%%éeﬁg%E&praﬁga§aqqng@aggxg€a1?£%@&@aenﬁmlr§ acid inserted in
its plede bf e 8ithe PHIifAGh. alebubRRRidRAndybd il vitte iy LRE ad@iBRacid in
position. The substituti'ons may be single, where only
the melegula krnbeeasnbstityed, lve theyireasheanhlsiple sbaredwbor imare eapino acids

t . e i pl M no..aci-gas

v Sl S BT Bl REGu fJB0 5 ARG

proteibuldsit@és aflthehrasegeiiventidntwan &6 bbsirded bfsubdiitut@e anpdniins iatid with
nmol ecul e f. the present_ invention can_pbe obtai ned by

another, jglagse sigte @mawlglﬁﬁﬁ%ﬁ&&lﬁew&lﬁ chirge Rad/opfiphire figam that of the

native4}RinB abRl, 4 &Hin%'a@ﬂ%'k%a@%ﬁﬁo@ﬁ@éﬁaré%&ﬁ%ﬁ of gﬂq{aﬁ% amino acid,
structure fromthat of t native am no acid, an am no

or an gwirg acid with theoyppositethydutphilipity froomthiahaf the hativesanmiab iavid, and the

' . . _ . 4 wi t h i1 '

ike. RRRE BRI SR RPRErPHA e GrbelRe b e R G of the nehypeptide

backboh€ ahd/bethe m&g@oﬂ HRESphebicY BE tHelrhd1baNS in'¥RY hida BE the substitution.
expected to affect the structure of the pol ypeptide

In certpis lesemplapnembedimpris ehthe pecsont inyentiop fotibstituiionsl GRenutant
. | o . i tuti . hi. rtain,
ntndB ) AP A BB A g, i
substisutioabli CKI inoludes suilktitniéreof an diginodeid residhsd with)tfooeka81pl€ an

non- %I ani ne residue with alanine. |In other variations, i
oppositgly charged amino acid, an amino acid residue with a larger side chain, an amino acid

with the opposite hydrophilicity, a small non-polar amino acid (e.g., Cys, Thr, Ser, Ala, or
Gly), or a polar amino acid (e.g., Pro, Glu, Asp, Asn, or Gln).

[0056] Insertional CKI polypeptide mutants are those with one or more amino acids

inserted immediately adjacent to an amino acid at a particular position in the reference CKI
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substitutional CKI includes substitution of an am no
acid residue with, for exanple, an oppositely charged
wa@eionoiaed d, an am no acid residue with a | ar geeT/B52066/029349
chain, an amno acid with the opposite hydrophilicity,
a smal| non-polar amno acid (e.g., Cys, Thr, Ser,
proteipmplecyle. dmpediasely gdjoetnt fo amamino agidangaas gonnected do eithey the o-

BWETIY NIRRT

aminol g4I ThE inseFtRaAl ah ebnsish i @ Cefitine b tvid) caieRatide hrddindtackls. Amino
.. particular position in the reference CKlprotein .
acids sipyilacin chargeprd@r sireatyre Hihg amino adsadianentie thesite afdngertion are
definfIRIGHRAGLE Kbkl nflant CHIARNMNafe B AA0f an amino acid
unctional group o € amno acl d. e Insertion can
with duhageandior s@uctura fifiad s sabsiatgtiallyldifferastefdoh e #gino acids adjtcent to
.e.qg,, of one or two conservative am no acids. An no
theﬂtﬁ@?%e%lpﬂi lar in charge and/or structure to the amino
acids adjacent to the site of insertion are defined as
[0057F o ixdativasl VI pdllypeptide imeatsyare thosawher@kineion olovel amiroercids in the
i ns ion.of an ino . acid wt char ge, and/ or .
referetfl G} BRIFIR Ffocn e LiIEoen fomked. i Fotat SRbOftmsRls delotiona
mutar@WiIPhA8 bfS, 1R8I R aRRE athRolabRls AbleRdh alpARRitd: ¥piod BRI LK
Del eti onal 'CKI pol ypeptide nutants are those where one
proteip makenute. dddletionabingknisican nsludef @g.e mutantidiavingx euncation of the
aminonol ecgl es eheve been renoved, hi sone enbodi nents,
a8F EEPEHAP N Sint s will have one, two or nore am no
acids deleted in a particular region of the CKI,
[0058] dihe mpthashs of theeoresort iavensina cambe apnlied da Any rrepgized member of

the Ot Bty B oA VKA b S b heGlovblVed AL A CDK and
cyclini proieins t@mhdahCDE fapgidne dn e empodimentg thezedkante@iiEprotdins are
the CKI . famly of proteins jn i ch.jndividual regions
mutatl.g% _07 Yﬂ}'@f‘-@éﬁ %ﬂelﬁ_? %}P’F@n%ﬁ“o %ﬁﬁn@n’db’&%cﬁ%r g\lsé’ioff‘g agBVG’ the
CDK biABin] ré%i%f f(R@’GFain‘il? mdntbeR 18 pEAGIEH ABMnsibldr MHad nhibition.
CKl proteins are nutations or variants of proteins _
AccoriighngiaGDR binding KBfortiapifyally tusted foxenedifetiontin ths, design of

. indi [egio f, . KRP_f am | [.S_|
varan R R OBt B Op i e o AR PRl ind Beneraty
correspEied3rte amino/acidsTeISAd8 dfiBralsig nupgs Kipl BulpD)aSEQ ID NO:17). In

targeted for nodification in the design_of vari qnt KRP

certaipRpbedimepispppdibisationnt teiDE; hinding resep ofe BRPKapily member

comp B AR HERL by 681 8RR PR SR 8 or o
withircte thai egierricodtespendisg tavpwitine 4#5-668 of BnKepICIiKhb comléspgnding
eson i Qg PR M SE TG vt
amindPReEd pdsiithes FO mOBFiBati¥ntifdidd thssletﬂaﬁitfoﬁg toespOhdiRS ROMEkND Gcids

to positions 145-168 of BnKr . (The correspondin
145, 148g149n 15 1AB aliiSd bpLil641 16a) 167 9t Beevrindi nggys Kmlr(%nKrpl)-

' - ). L | | [ le.am i .
e oo TG T RIS R A g
sequeG dligamenidisitg kR wathetBodGindSs further described herein.

[0059] In each case, the amino acids mentioned above are conserved in mammalian p27
and all contact the CDK in the crystal structure of p27 complexed with Cyclin A and CDK2.
In one embodiment, modification of the KRP CDK binding region comprises modification of

amino acids corresponding to amino acid positions 151 and 153 of BnKrp1 (e.g., an amino
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145, 148, 149, 151, 153, 155, 163, 164, 165, and/or

167 o Brassica napus Krpl (BnKrpl). The correspondi ng
wa@eionoiaed d resi dues in other CKI pol ypepti de BECEUS2006/029349

easily determ ned by sequence alignnment using known

net hods and as, further descri bed herej 0059] In
acid sphgtiutions gic ﬂtaﬁefoaﬁ?fw Ieydo alane OF P ARRPSHEY Fbage oo acid, at

each &;lgésg: e af ottE B u:pﬁa?%?%gaﬁ@ﬂ % éﬁh{ldlﬁ&?%Eﬁﬁ%&ﬁ%:ﬁkﬂm acids

exed wt
correspondiEPiPpositions 181 endb il efBvK rpipdodiiicationoof thé KRm’eC]BZRFbmdmg

region, Qriter oI ChRTRPL CAEHOPE A 2D AalS) 149,
164, a}r'a)%r?BS @F‘ﬁﬁ%{gl((@ &‘ih@ﬂ&l RBAG &kid k'l?c%hhiti‘éh'a@QRosﬁﬁ!&i1
as, for exa

: toaanlne or an oppositely charged
correspondiag &ramino atiddddvf Bnkirplk ve twd addiional anmmmd substitutions at

positigh Spresa g PR prg 168 o @it Hosso kD, Yy

mod1i$<5h|ﬁbﬂds) toMRSIKRIPCEK T S8y ptikid ﬁmﬁﬁ? b%é%fﬁﬁitﬁ Gor’ £ODRprotein,

further includes rmd | catl on(S) rosition(s)
whilecsvbstantigly pieaerving therihibityaafitlay @pammotqlﬁtp biaghd cyelin@stest.
BnKrpl (e.g., an additional am no acid substitution at

[00603 PdsdifibAdnEItHLEHOODK Hndig ﬁ%ﬁdiﬁb@ﬁi‘tdculé%t@fesﬁﬁ&ﬁ@é, ‘but are
or two additional am no acid substitutions at

not lipyed to, Biedificationsspmatongingdo st off therfatlo vang aminppcihgpbstitutions:
amino acid 165 of BnKrpl). Such nodiflcation(s) to the
KRP CKI pol BpEppi BES#20W149A bi nding affinity for a CDK
protein, while subst antl al | )ﬁégreserw ng the ability of

t he vari ant BBK&]J YR 1c@cl in protein. [0060]
Modi fi cat i ogn{aé?ltp Sﬁglg%(ﬁ%{lgjﬁ%;\egl on of
u

particul ar ACl ut”are not linmted to,

nmodi ficati oBgK@eremmsm to any of the foll ow ng
am no acid substitutions: BnKrpl F145A; Y149A BnKr pl

F145A; Y149ABREsIAY BBl 534 45A; Y149A; F151A; F153A
BnKr pl Y149 Y149A; F153A BnKrpl F151A;
F153A BnKr pﬁ%ﬁ%ﬂ%g 31 49A Bnkrpl F151A; F153A;
E164A BnKrph 11@455;@13165 MLGFAo BNKr pl  F151A; F153A;
E164A; WL65A BnKr pl  F151A; Fi53A Y149A; E164A BnKr pl
F151A; Flsswwm%mmw%lsm F153A; Y149A,
E164A; WL65
’ ABnK_rpl F151A;F153A;W165A

BnKrpl F151A;F153A;E164A;W165A

BnKrpl F151A;F153A;Y149A;E164A

BnKrpl F151A;F153A;Y149A;W165A

BnKrpl F151A;F153A;Y149A;E164A;W165A

BuKrpl E164A;W165A

In certain embodiments, the CKI polypeptide modified as above is BnKrpl. In other
variations, the CKI modified as above is not BuKrpl (e.g., Arabidopsis thaliana), with the

substituted amino acids corresponding to those set forth above.

[0061] Other modifications (e.g., substitutions, insertions, deletions) that affect CDK or
cyclin binding, including additional modifications in KRP family members, can be identified

using a variety of techniques, including structural alignment methods, sequence alignment
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BnKr pl E164A; WL65A In certain enbodi nents, the CKI
pol ypepti de nodified as above is BnKrpl. hi other
wa 2007atd3ons, the CKI nodified as above is not BriKU§1006/029349
(e g., Arabidopsis thaliana), with the substituted
no, aci.ds correspondl ng to those Eet forth above.

meth? ot theike %@Pﬁanfcqtvas r(r@tegﬂs can he, generated, forexample, by
hk fof cki

usmg ng%mﬁ%gﬁhéyggg ti on Snggtlt I cat %ﬁ%sfﬁzzﬁglz’ and

6 403&@1 hlymma staantmg (all. 8P4t Aot s, 506c) T siene slauftlagi (€8YD 0F/25277),

t echni ques, i ncl udi structural align
site S@%H%H’él %epﬁﬁn%’ﬁﬁrg%ﬁoﬁ&“e%ﬁ domploay; R%Otﬂefﬁ’énw gWPWé}rtO
i r
those‘éﬁﬂl 1ﬁ 'ﬁﬁe 4 ﬁ%@%{&sggtgcél?n&lg?gif?gﬁ% g gg g}t?%%@ﬂﬁe U?%Qescnbed
ﬁnﬂmﬁamwumwbwrG 1 88,965; 6,296,3 12; and 6, 403, 312;
al ani ne scanning (see U. S. Pat. No. 5,506, 107), gene
[00623 huftid Gllﬁgpc{lfréﬁ@dg %295@5789the Pheként SRfcHIiGH LA HSBOh AARNRH B
mean field,” sequence honol ogy, or other nethods known
mutating th BIA séquences that eiecode thet dwmesrgmdm wikktype (&t pootherf
ion s.and. ty as .de crlbe fLur t
corrfi@hding T 3hon® P RS R g Al BN P aottieS pypgmonty
referrBd RS&¥ite Bl dfhgBRdish IS héid eﬁcﬂétutas eftddadg the GKIq)rotems
DNA se%gences t hat encode the correspondlng w | d- ti 1to

can berutatest byne Haiety o nodyperash ﬂ@m&nctfqndm techiigpes velt

On60f§¥%rre§8?o g§%§|?%M X?é Cﬁ%%hﬁégge eS|s Fglgeg%“%andj
J. Smrmﬁymdsl £99% Acadtntig Ptdss %KIDmg@t(mm ChaptebBHNBCR U Bdidayls - A

Guidg tg M W&M%Wr Vi gﬁ'@ﬁ” ?ﬁﬁ%lfﬁaﬁi ;JP f@nmskwnfiﬂé J.

Whitééds: Acg’@&mc?r&s N?Cﬁ)9§§ r ﬁfeﬁﬂitﬁﬁl M1 Khowh RRdrficalndfdr radiation
Gel fan and J. Sni hsky eds., 1995, Academ c Press,

muta&nsmn@@@ds mw@ltlﬂmapn dre arvgan eERedisindessimutattorgin e coding

regio%gcrtj\%%@ ?agxi’lh%/gtgerﬁ%ﬁ'lﬂﬁét%{r)'s ° gﬁrgg:nl\[{lng '3/_\an %?aitrééd %;st t(')_llocate those plants
that nAgceMpeists @&sred MYclediRRAkqudnie aatbidin g mutest or \}aﬁ@iﬂMKrp of the

chem cal and/or radiati on nmut agenesi s met hods are wel |
preseqiriByintion. Plagtsgpr be sreqned darechapgesiin thecaning aeif setienee.of the CK,
chande RN G0 O KERUL AT L fa DO RUILLS e
analy¢ihat m ght conprise a desired nucl eoti de sequence

encoding a mutant or variant Krp of the present

[0063] NV R Bfnd?i-mmtﬁlgfé@&npl% #e®8 @ﬁ?neff SYst&h aﬁﬂfea ih thed T@nsformer
am no acid sequence of the CKI, ch anges in kinase

Site-Rizacked; Yptagenesia kitdigpe @lcéxﬂecbhmﬁg be emplqcmé fotigtpeduciigl samldrected
mutalgg 1n§§ g ggﬂ} %c&? a%x %K?I I;?E&tg%6 %oll?l ri'éac}/ IngtélaaQ%n olt’fifﬁhg:1 t%rgegplasmld in

syst e
this sﬂ%ﬁtﬁﬂ,&ﬁv@rpﬂﬁier&rb Sm’@llfaﬁédlﬁgf drnkslge et pldsinid f 6@0f these primers
Cl ont ech, . may | oyed for_ introducing

contaigs fhe syr@d;q@odwﬁgteg ﬁrtngat;qq, thepthes reniaps ganiatiep atipother point in
the pl?%n‘i’iﬁ%ﬁiurngE le i of SRR TR AR SEddfa sRLRANnHe@S T flen

carried out, tightly linking these two mutations, and the resulting plasmids are transformed
into a mutS strain of E. coli. Plasmid DNA is isolated from the transformed bacteria,
restricted with the relevant restriction enzyme (thereby linearizing the unmutated plasmids),
and then retransformed into E. coli. This system allows for generation of mutations directly
in an expression plasmid, without the necessity of subcloning or generation of single-stranded

phagemids. The tight linkage of the two mutations and the subsequent linearization of
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this system two prinmers are sinmultaneously anneal ed
to the plasm d ; one of these priners contains the
waele®7ned1si t e-directed nutation, the other cone@i/nS2086/029349
nmutati on at another point in the plasmd resulting in
elimnation of a restriction site. Second strand
unmutnjedh Messrigs resultsiamighanpiation eificiency ghd aljows mivimel screesiag.

rotlof i T s OF i 04 bt e bl AU Afies s gfonty
one néw phifiret Bpetef marmibhsitd, rmsérahmﬁeﬁms tgdh positiopsltritaited
wth the relevant restriction enzgme (thereby

Sepaﬂltf’lﬁe%ﬁqt of F@Stgned deaenerates aligransleotidg prizp canbn synthesized in order
to mtxroﬁﬁcr | dh O%lr'eﬁ‘ [‘n%ttzﬁ_nong o dd gv;? ife ﬁ%ﬁftﬁ@oﬁ'ﬁl& O’flisangfahnants can be

ner I ons n an expressi on

screeliﬂdaqmbqhenminghl@a)plaﬁﬂmﬁ Di¢Aassugly ﬂﬁfmlﬁummlrago@fo 1dent1fy and
gener ation o% Si %gl e- stragﬁe% phagem ds, The t
sort mqt'cmts lgacshfEachanvtons NS sp7 thed b pestitied m@a@my electrophoresm,

t
e G 8 AN PGSRl S Aot
no othen hlt&mhong 11$ Vet sequinse hivetdeeurired (biy dland elsﬁrqonmamonstotlm

rimer f ho ires use of o one W
unmuf3gprtged el AteHRATy Qe 68 DIACREPS EHAVF SrBBRPLL confim
that n8 agdtioRs !rﬂdté%ﬂii‘lhl ShR mhvémﬁé& Shﬂéxde%f %?ettax%feted Q@%blg ned

degenerate" ol igonucl eotide priners can be synthesized

10064} " 7 SFib Bk s 3 e PET, OE RED v G Pior B e

empld3Rd @ERAR NN B liench acsttaieE Mo#BL.I [DES)piyesIgbr Kifielevel
nmut ageni zed region to |dent|fy and sort mutant clones.

produgtierhofiiie mmianbiRteirAnd purfigationdystandewtpraiegolsn Ahg methogypf

A SRS 3o 8y PR Ml B on. i

technigheproviies fdresaqwdnb'mlgabgrnﬁﬁs thnougheutsthe u&mha@rbteueand provides the
and shift .co ar son to. th

necesiﬁ’ﬂ‘rﬁ?‘ﬂ’ggﬂ %W?‘H’Ie)am%r{l ¢ Wp?ngteﬁ%e%‘?nit pEthisiape,

prote1h$Qd ?é‘sté‘@xﬁh’d@ q pPSREULE (RE dhdibe AN &ép’eml bﬁ ﬂle di)@cﬁ@ @légmpnade
i onal events have occurred outsid

modlﬁqglrsgmeé@s s@m@m is ¢fyoipay interest grd ﬂm.r@nalmngamp ﬂ]gp]dé;egdentlcal to
the miof 15 B0 LRUBEL ) NG SKALEARE RAGNER! b0l by, for

raln

examﬁle,&ihm(‘cfbﬁ&) HPLYSSevefsed phasg hr i@V@dchMgGﬁagaiﬂ depeading be the specific
tant%i) e| n, and purjfication hy standard

regioytodiegnesifed) @YQYé‘ierﬁ?Hefél‘ pephifienss chelbBindiignea the molecular weights
of the??fgﬂid@é%?e dde é(f%}y stﬁxfﬂ%ﬁi‘m%t'ﬁgdg Gl 4 IyAﬁfMgu‘Iﬁ@&etermmed mass

Xpressi on. I's techni que provides for sequencing
of eachdipgeenbart tranugipatedith ﬁlam@lleeﬂpxr welghﬁs oﬁp_eptpieswxpzbe&dﬁmm the

. __hec fldence in_the se assi gnnent

ciges T PSR HECD g e or B RO GRS gPlyb Bgertained.

Since\hik &u%g%ﬁébﬁse&@?oa@h Beprohah ﬁ@diﬁ&aﬁoﬁenﬁﬁdtee seljidhcing of the altered
specific region to be nodified since this segnent is

peptld@fshpmld met bowasessety e VB datacagrden vidh pragiction Ui gedgasary to verify

ool A, L8RS s LA SHIDIAEH RO 5L Blpofls o

mlxhwmmbﬁlonﬂbﬁmé eape peflide dah ®e¢iEaed firaabiravtive Bdman degradation
exchange Ygaln dependi.ng on the specific region to be

or car tedpe ¥ oligestion depepdipgoathplasetiensef thamedifieation.
fractl on and the nol ecul ar wei ghts

[0065] In the design of a particular site directed mutagenesis, it is generally desirable to

first make a non-conservative substitution and determine (a) whether the targeted CDK- or

cyclin-binding activity is impaired and (b) whether any non-targeted activity (e.g., cyclin
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of the peptides are determ ned by standard net hods,
such as FAB-Ms. The determ ned nass of each fragnent
wae@®7phem conpared to the nol ecul ar wei ghts of PEEPS100€629349
expected fromthe digestion of the predicted sequence,
and the correctness of the sequence quickly
bindings £ e CDIE-bihding negiontihiasgated) amaaly impairpd axie bortsequence. If the

...pratein nodification.s,directe sequenci ng . t -
residuff o bt T PHBOLBAEAS o B b oL G b Blope sty
then cB&NcRARvIb LIRS GhitRMmadef Necessary to verify a

changed resi due, CAD tandem M5/ M5 can be enpl oyed to

e nce t.he tides of the m xt [N stid o
100667, Dthet i irse it S eehgiipey Panvoghe wohibyedpily k1
nucledtRIBREGEAEH AHBE &, r&sii QEREhcitasedi¥estiod @F DNX followed by
dependi ng on the location of the nodification. [0065]

ligationmmayHes used faggeneratexdebetion agipals of CKds, @ dewribed generally in section

t agenesi S, aty | erall i '

153 RShEREHER] Ju /e BpREPFL B R ER RN Bl 4 By, SFcha
SpringHedbbEL abokotydrgs) NewQitk, NY).C hcdinilartsitrattigh @naydieiused 10

I's inpaired and (b) whether any no -targe%ed ctivity
constrpet igsertiquyaripnip, asdiepibed srtiomiks 510h SAmgTaokyt ¢h sgra. More

Yol a i o : _

eonl EAE B\ SERo1L, SOPOIoA 90 7 S0A0 SR Bl B
of targeting mutatioh@togiam ggehésdh ofrocasingadtimedi¢c RN A/PRA oligonucleotides.

conservative substitutions can be made. [0066] O her

[0067F tl\@utgﬂtg)%% id% GAGEAER tBard S HMiAY 88d GaRktiAlt8Pcddbe generated in
enpl oyed W t'h CKI nucl eoti de sequences. For exanple,

one of ssyeral wayso Af the dovinecacidssase Hicgted clase tagethonim the pplypentids whain,

ligatian pay he us t o gener Leti.on vari '
they eyt o ke b RSk RA TR AR Tl Y G i Po the
desireSamMooskd @ibstitutiondVIF Bewbwst, tht amindthcidd akaloasitad esnie distance from

Manual (2nd Ed., 1989 Cold Spring Harbor, Laboratory
each qthes {separged, by gpare them ten aminoacidgy fof exapelg)/it ﬁ%lyoxﬁéh%&alﬁ to

; ) ) : _ e

e SRR YT A O P S BRE Rl s o v
alternativie neéthals mayPtrecamnpldfatd. . In Aveailist 1 Bethod)SvseparaBrdPodici&tide is

LN TN LN, TG AR T
the sifdld-Godhded RRIIASHNA Sidfillan SR bndBk ¥oRRH s#RS] 9 HNANRALSS
an one amino acid substituted can be generated in

t
synthesived Somsthe tamaplatganill enpgderallcofilg drsired papinoacyd substivdeps. An
l o . ) :
o bR O A R RO 84 A T
mutarﬁ.}?’dﬁ@ﬁfsﬁfouﬁﬂ ishasfdetsdiﬂ)ed i ’ddle dingle rfmam:i gvilﬂhtbpé gKﬂ] DN 8. used
I wever, the am.no acjds. are | ocated.sone, dist.ance ..
for thg fegplais &R OHEHEIISOSUR SRORLHE 15 TFBAETIEAAMRRFFIA MUFBTON() is
e £ A FE i ol )
s 8840 GRS PR 1D O Y. A1 oot
round o angpesnesisgilizasitheamsatod DN paidueedriatthe Grstrecuind @6 mugagenesis as

be oyed. .In the first nethod, a separate
the el OOl TEPIFE Ay Sty B w S B The ¢ o e
oligoriiéRetidd éﬁcs@hn§ TiReadaltichandtr8® hinfiRSacl RibkiiaHoRE) S McAdnhéhled to
the si ngl e- stranded tz% ate DNA sinmultaneously, and

this teniplate, aod the reswltipgistrand N A apwiescodes mutations from both the first and

second rounds of mutagenesis. This resultant DNA can be used as a template in a third round

of mutagenesis, and so on.
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synthesi zed fromthe tenplate will encode all of the
desired am no acid substitutions. An alternative
woreionot3invol ves two or nore rounds of nut ageneST/BES1006/029349
produce the desired nut ant. The first round is as
described for the single nutants: wild-type CKI DNA is

[0068];s Q@nempgrticulaslytsuitphlateshnigpe @Flgg@m&udémﬁc‘@ ovaeﬁﬁmnablg t he

ot 5346 S S e T RRLER e o

sequeﬁdé@ihgﬁﬁ@ﬂhﬁétﬁ@dola'ﬁiés disaesed abowﬂlaﬁlfnayfbé agn Ssipsence-based
utilizes the nutated DNA p %gluced in the first round

alignrggnt nx%aa@&iagluuée, 9r SHREDIG |$m1 Waterpas seageles, NeedfomapeV unsch,
|
Dot A0 RS g R SO A poffE e, G

profil@gdafl, Iﬁuﬁbtﬂatmﬁ se@nﬁl) Buchet barralizoé ptofiles; H1ddeantrIemJﬂnaﬂeis,
and t eresultin strand_ of Dl\lﬁgowenco es nmutati
nef

Hftange; Bepls FFA B145b Ri-Bast Cluste eEIse f (Seerteatyehibss et al.,J
Mol. B Ez 514:263141 ANooBNASAT 1 UREeB 3 st Oosgs*gz]%ggg;g.@, 1997, both

rd round’of nitagenesis, and So on.
1ncorg@mtedlo:§ufeﬁerbgce$w tabl e techni que for guiding
identification of suitable nodifications includes

[0069P| rme laREnd46id RRbRdeB o f Jf”éYat&?GK@ pssr?é;&ﬁdw BR{We alibA&d, Forddx@mple,
unmber of sequence alignnent hodol ogi es i scussed

into aabrbtmie smmrm@hgbment@@s&se@% g-Haered JallhgMidnean also be used

to ext%élo g%lﬁtggal 1@3@%@6 %Pe c%gmg"e dlﬁfl}\{)%%ﬁ%s to additional CKI |

polypéptides (tyiﬁbzﬂr}ﬂf@ (M4] Iﬁcﬂﬂ&pﬁ&@f shhmn@uli@ahﬁéll/ s@@nﬁé fd%hﬂit?) that may
sear ch, kov/ GCG praofile scan, prof

no yetdiaye been léeréﬁ‘@d gutedp e bigly exieRifat PRyt H@Eﬁox&bﬁwen different
|

CKI PR RERes, e A clPl2asa a3 FHiab R dicioP bt oSk of modifications

at varivins posiials withi® theQBigdhent. 1880rdindly.So thd cas¢ oBKRP Munileinembers,
Aci ds R 25: 3389- 199 bot h. i nc rated b

tor expiablsy R CO51 SR iRIRS IS BT SARR 4 BigiohEEbecisey af 2 M3 A

referefidd pddit! YPARL HAGIRBFarkiy AknBBestotciPée ﬁ&ﬁﬁp |A% mnotedtpPevdously,
mul ti pl e sequence alignnent (MSA). ( ., Figure

partlcqlayly Fhitablgsuning @c@l positieas fos awpdification M@ﬂh@ﬁ@tcgﬂaﬂpondmg to

i PGS TN 05 PR TES (36 SO Ui

napusﬂﬁﬂlﬂb@hiﬁt@t)s Bﬁﬁ% tlregah%mlnsﬁtahpioaédfla@ggma t caniddte mﬁmg ythgnment
t hat may, no et ave een entit)e Due to t
prograang lemwnomt%q%émaa %sés#cag %@FWE@‘FP %ﬁnf%ee%ﬁfe?mce point the

numbBYRER Gﬁ? 1?1e é@é& et o?ﬁd #38 GoRSia thélddBhiositions of the

predl ctor difications at various
CKI pobypeptidermsitinequivalentiposidibhgmmtingr rechgoizedinegibgrs df €Kk er structural

f ) L t [ . .
homo AR R B TR SR °F 4t gL R megl it g g peid
sequeﬁ&(@rbfm poSfpRpEICRat IRV e tdbedbyucatdier KRP fami |y

nmber protein sequence. As noted previously,

[0070%3}1 ]pgr‘tjzll fLs\és stHé %13131 ea[ @?I@%eﬁfj oquc'ég{lhg ﬁmt%t {n9erract w1th a CdDK or

icatron’inc 5Se Corred
cyclingsiein @nDeiddntifibd ireditifrorh 51h1‘e&51&neﬂs’iﬁxal §tﬁib’:tur& Gﬂa CK@/‘@DK or

CKI/C?’QI?I/I c(:)ormr}lgyz. gtuiilglgl’sl’ti ig%rmation can be derived by analysis of the CKI/CDK or
CKI/cyclin complex of a related CKI polypeptide. Thus, structural alignments can be used to
generate the variant CKI polypeptides of the invention. There are a wide variety of structural
alignment programs known in the art. See, e.g., VAST from the NCBI website; SSAP

(Orengo and Taylor, Methods Enzymol. 266:617-635, 1996); SARF2 (Alexandrov, Protein
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napus KRPl (BnKrpl). Using the alignnment depicted in

Figure 1, and/or using alignnment prograns known in the
wW@rio7ousihy as t hose descri bed herein, one can UBET/HS2086/029349

reference point the nunbering system of the al i gnmant

r ram an correl ate the relevant_positions
Eng. 517 @8&@%&%@6@%@%@@% é’ﬁ?teﬁ%@f& il bﬂ§91’7ﬂ7 dt9ﬁ&},
t h I
0 s g e il b
1998 dli efiwtect are indolporated by referedcyequence(s) of CKI
pol ypepti de that have yet to be sequenced. [0070] In
[0071?erA@doﬂilﬁ§§ Sfveful d?ﬁ@ é&t'c@iémFﬁth}Q:mycﬁﬂ M&ga%é %y ve
interact Wt or cyclin protern can
selectied asing prodein desigrcot moderlmg] abgdrithee swbhrms RO ATNabchabloge (wwed).S.

pat. Wase G005 0 108 B S 5125 G perade b teesacelenk

Algoﬂm@ﬁ'l {15y Ghds "geﬁ&ﬁll’* fide Abmft-Fefl1dk %119@101@1%'\/&%@&%ﬁgiﬁnctwns to

hus, structural I gnments can be used to generate
evaluaih gha,compatibilikef graing peth seqeces with thejovexatlttertiacy a'ﬁkieluetemary

s L, A5 o 5t et SRS, o

bmdmgeﬂasﬂfﬁeauoi%ﬁd/()ﬂh@ﬁ@ﬁoﬁmafr @/hat rsubdt&ﬂlangﬁelﬁﬁz YW&Ability of
266; 617- 635, 1996); SARF2 (Al exandrov r ot ei nEng.

variarg Cilpratgins tqp%yrlx:@l(lsmd ergetiveith nateraliy oeqveringrtergetsi n

corre%'&g%@% %%Pm%é@iyd }@@s czf(}_t% ﬁqﬂ?)ge?n eﬁh&htecﬁﬁ&lﬁ%&? cally use high-

resoh2ion 3k BetBral 9@ Hatiah lof die tmﬂgetﬁrr&imas 1n¥nﬂ|r m@b?f ?ﬂbdﬂjment an
071] Ac I ngly, ul  nodi |cat|ons
expera?e@kfy/%g@& od ;W,rﬁ Of e ZpRTcpHats praipinis vsed asdppy. In

I
altemblﬁ\l'erkgnmfd%}ggiﬁﬂ gqgghgd?zslgg u%&gf% %\% tﬁ%\lo gél{s{r%&gﬂg% Egméslevel

hom08>g2 tsofor @Rdl n@:rh@ss 3ked o ﬁle@bbseat ntibe foniy whostwthree-
dime R BEBh ey 0L A0 P P RPN el

yet an@til sabediinest, GRsaativbdl nhddel of mamialia2 Teyclt WEBFRR can be used
with the overaII tertiar and % aternary structure of

to predichhgrcentact apHpe acigrefitua rRlanf CKhi s class can be used
to select CDK- or cyclinbinding nodifications and/or
[0072¢i SMutpht GlRBpdlpedptides Mngmbéﬂﬁadtﬁoﬁb)taynm@ réduckd b]lndmg for a CDK

or sk o o Sk b P B B ol D, o
examﬁl_l@ I difeRARIbIBHA Q.8 O&‘r(ﬂqg'bﬁé F@RrEEI'Aoﬂﬁffﬁflg,talﬂS t}&r 19%6? | dhgle-site
hese technol o(gl es typically use highresol ution

saturagipp m}ttagemsw, A almmexsﬁarmﬁngmetagmeg@t Ipthetcaserpf &SRR G, for

e, BR300 B ERBHL R AR FE B8 rgiionn

modifidagivis thhiredide @D bintingadivily ARAtHE lid obfSite 68 the EDK HaMlling
to gui de the construction of atom c-level honol ogy

regio efikedrhgreick) nenbers based on the subset of the
fam |y whose threedi nensional structures have been
[0073]:l ewdscrmmﬂebum idgoamicy salablationsagphibe used ﬁ)e:bﬁ:tpatétlﬁieilly@d&en

t odi ment, the structu
seaueprr B el At TRy e s ieres oges fhdsqmpiig adlst. Also,

residue pair potentials can be used to score sequences (Miyazawa et al., Macromolecules 18:

534-552, 1985, incorporated by reference herein) during computational screening.

[0074] Alternatively, libraries of variant CKI proteins can be made for testing. For

example, a library of variant CKI amino acid sequences may be used to design nucleic acids
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to predict the contact am no acid residue for plant
CKI. [0072] Mutant CKI pol ypepti des having nodifi ed,

wo ooo7exanpl e, reduced binding for a CDK or cycP@TUS2006/029349
protein can also be identified by a |large variety of

other methods, including, for exanple, directed
encodingohe vaniant (K Igequencesommdpyidelempyihenbialanied fiitd hogy celdsn expressed,

and adgiiedt 1€chaiteiof SRt Pltbosioh RetoROSae iitiniaBOf gells wi
typicafll?rv h@ing bh @ fiadePbf hBORS alDEtnWe @biREsptRLIOR 6.
allow the idéentification of additional rmdplfl cati ons

h bi ndi < h . .

10075}, 3 g6 e iy RA8 Rrsetotu e Bl ol Bl for

domindhfRegatiDé SebibdHist AWM 8/ 02 dlier Hediled A6t VA Reuttined héwin,
conput ational |l y screen sequences by individually

multiple PER tepstiogs wiitharmolededigeecdectidey e parferneedmiverlazping

L T

oligorhdteofioa mﬁ;@&@resgemcau{qm@diﬁﬁmhya&l?gg?ﬁl]s accdovaii position or
url ng conputationa creeni_ng. Aternat]yv

subsefs; .hsff% Jigoprelsetides maY%Rmoglﬁé dpas] B@ﬁ%l@nmuignﬂapg PeR

reacti&r%ﬁ%ﬁ%ﬂnef & crkie ?ﬂi—geggﬁ sk:%tﬁ!thgé%co%ahﬁﬂ% HRMombitati8hY dnutations

aci'd sequences nay use esi gn nucleic
defincaldiydbe libmdy.nin dddéionathisamey BiKtorsagire aes-paord RER miethody.
then be cloned into host cells, expressed, and
[0076RS SBYRElly, [deh abailapgi@fou%@&m&)ﬁdé %ﬁl?ﬁée@ 0BRSSO to be
_ Vvectors, and suitable host cells will typically vary
variedd gplésvaiatiig o thevagiantensitivhs predoo close tgetherin alew dhis and multiple
. [ ed. ([0 I n Lticul arl T
variaefe BEE AR ARG RERe I FIGH et T PRab i 3 il rogpossiviitie
(i.e., da€ls bligombg cosiaii thaoddondgpa sivglepobign beial nfAgdtéd/ ot for more than
and/ or .other desired activities as outlined herein,

one poRiiQn Raine mERiFRa dhe SHARIP Pesitiens heiadPigisA gt mgferabiclose in
sequeﬁéeet?%%\feﬁ{ g@?ﬁg%ﬁ&kﬁﬂﬁ'lgﬂ%ﬁ Fgﬂ%’l%l LGRS, FoPmutating

synt hesi ze t corresp ul'l -1'engt h gene.
multiplt pestions goanudigeotéldsslenparticpr esdmatiahé obhutatiens may be
. i,f ferent amno.acids .at. each variant .positio I .
inotudgy ot Sk Eer BB PR B S RE s ER P LR Tisbiiechds gupacine
that cBaPReMidH. St eRBshpIEIhS diRhBsddHRrdif 3Rdrt B HRRbASNaABHE HeBreen
create full -1l engt h sequences containing the

variabloyegions: thaiis, whenpastionghis arerienagsigye, ppetion Brapsy (orpmpust not)
. r - .

b B R BE B 8 P RO o i s
"clusted.! §Vinmcthe olusdes are omnpied odmdsyduen elopoigtthan addthbecan reside on
varied. Alternatively, the variant posjtions. are too .
one oligqpuglepidsprivast. thy A ESeh SR PR e nd gpinate

the ballcoBHMH Ebﬁé’fﬂagﬁfa?gl 86 the Gredlil QWLHTRE ﬁlﬁﬁrey. H%vgecvre]r, if the

reconbi nhation o the possibilities {I.¢€.,
residues phjihe whupter eret far aparhie sepwbore, fand thars sil gésedepslifferent

. bejn ate or.for .noye than ope ition beinpg, "
oligorg AR O siihesth tvereisSrto R thes G Hnsesieg rofl "good
correl i, ©F althihatd 1BEM ds FaSfAls RRIRcS rtREIOY AMerdallPel9) thé Bbrary may be

nucl eotide length frombeing inpractical. For nutating
generated in several steps, so that the cluster mutations only appear together. This procedure,
i.e., the procedure of identifying mutation clusters and either placing them on the same
oligonucleotides or eliminating them from the library or library generation in several steps
preserving clusters, can considerably enrich the library with properly folded protein.

Identification of clusters may be carried out by a number of ways, e.g., by using known
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mul tiple positions on an oligonucleotide, particular
conbi nations of nutations may be included or excluded
WO poovhoes3id brary by including or excludi ng the PCT/US2006/029349
ol i gonucl eoti de encodi ng that conbinati on. For
exanpl e, as discussed herein, there may be
pattere tacp gitien methodacamarisensios Bmuqn@gs eheccurpree of snutgtipan or by

using ﬁxﬁé#}; 51%?355)% ) Ié@l%eéﬁlr 1{1%{1 F%é 6:51 gﬂlg)’ent@ﬂi_héﬂe?ﬁed fg}]%{:am&fe{ if the

energyairmw@doaoﬁ@ssmgh,qns pdigorsap@etirrokaed)e ThedeadricRtibay Maybés
‘cluster."” Wien the clusters are corgﬁrl sed of

posmqr@&pmﬁé%h%ls bas vesigdlemasitionnd apf g leays changedesedher gnaever
chang8 BACHS SO0 {6e A TRions L7, FASY B8R0 Bephflont £ i

alway€ mgniueﬁat@nsmbh ap (my Pagemdaiseovelyan SisresieaiNorRaa: Dools,
thellbraré er, if the residues, of the clug(fl
Technigues, fogd Agpligqtions, @waéﬁa de WangBge 4 whaniro, Dengjs Shgsha eds.,

New Pork! 8&@)?& Um\}egél?% g%@g}e }txgciﬁ'%wg %trﬁ%l}[fzbﬁ ) ﬁlaf]ﬂehzgm J?ghnzques in

desirable to e residues to t
PatteradtecegritiorfNevolY odt, iWileyatntertdieance, a9 728 Mippb&aezone ef Paitzgn

entirely. Aternatively, t eneatd
Recogpfiog el ed-pece Refoniite bt S0 el e o
Patterﬂ%@ il ODEARE K. TPU SndPP AR PAWRg ells. eB@cat}tlﬁofP [FRC eRdY Bress,
entifying nutation clusters and either piacin

1996)1 Pmdmrf’cmlem BWUIWQ@M@E@UM@Q% i eHiiniHeas Rﬂ'@nt eRC

Press, JO80 HAo0R bF PRl Revdiniion ST BRler Ayl SR L, Bov.

amd B, Sbp arvungvneﬁ@ mdEE 'Slmgaf)@ﬂedkﬂfepE@ge?Nﬂ WeégaStichtifd, |cq>999)
of clusters may be carried out a nunber_ of way
Friedrgary Intregyctien hg%cv@ffdsmgaqan@m ﬁ@él@%ffﬁl §resiuiek Newel il Fuzzy

Logich?zHEo%rc Io(ﬁﬁvleE E%WW&%S&Q W9”9e§&?es‘%f‘tle”§é g&ﬂﬁchlne

ene gy anal ysi s ot the séquences

perce;ﬂmemd m:ﬂ:tﬁc&llnyteﬂ@amaat/eh 32X ol oEwhithlasg expfestlben@m;mrg}yd by
mtg action is hi t he Eosmlons arefcorreIaEl d?;v‘ll
fefere‘?‘??eé@ PR RIPEIGHS forsgarsh TioeR3FAFUSIBRHE P boirgd as we
(e.g., variable positions 1 and 2 al ways change
[0077} oglitgoeuclmude:ew&x inseatigs or deletionsrof codonsequbaused to create a

rel ati e S
hbraryi’exg[rﬁsgplg dﬁ’@&gﬁ@g@gﬂl roteé efng;a cu%%sclzo%ilﬁfﬁf??l s%%gééluz S8cening
for in&Batidne loh dabﬁm\/j:ﬁiyrdsﬁ]lt Bi @U@icﬁﬁyﬂﬂﬂ'an&aieﬁmnﬁabff&cnt length proteins,
Techni ques, plications; (Jason Wang, Bruce

whichyan &g ggpregsed B sl phalod ahgonu&iéﬁn%vﬁélff@f%lﬁwhs

University, 1999); Andrews, Introduction to
[007 SMatIin emﬁheromhbo'ﬂﬁnbm; nuist CKI PalypeptideReiibg iniventiom a(rNemated by

W ey-Interscience 97 p ' t i ons
shufHHA TS B oGPk P GR): ot ey e S B {15 T e erte iF el
orderdd' 188 & usé&&%}lbe@ﬁ@ﬂfeﬂcelﬁ%ﬂ@ﬁhbh%ﬁ%t e?@% £dn@ PCR. "Shuffling” in
Recogni ti‘on (Sankar K. Pal and Paul P. ng eds., Boca

this cordexdmears a raCRObPragien of 1396 seqpenves genally wrayandom way. It can

B T e T
5,605 @91@5}8357 45§ gidct GSs/ fﬁZSShﬂmf \iahw}Farel?mbgp@%d By réerefice herein.
Wan eds., 2nd ed. Si ngiﬁ?gre Ri ver Wrl d

This sekofeseguerices may algope amartiiterah set; fonexeaples ron atPéOhﬂbtlttﬁéFahle (for
examgg %glgé?étgﬂ ﬁﬁng §6N11L“)Sc;r' Obnte ehaf1y G rﬁﬁlllaﬁﬁ lﬂﬁé""famﬁ?'dcan be the top

10 and the bottom 10 sequences, the top 100 sequence, and the like. This may also be done

using error-prone PCR.
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Logi ¢ Approaches (River Edge, NJ., Wrld Scientific,
1999, Series title: Series in machine perception and
wa@earhigial intelligence; vol. 32); all of whiPCT/EHE®06/029349
expressly incorporated by reference. In addition,
rograns used to search for consensus notifs can be
[00793S j

ussmagliqo shpfiling ganche nesiataedeingibe compwationsbmethofs

B 00 ARP S S8 ek B litons o

the sequenped aky bogknaraigd endevabizted®ni ng for insertions or
del etions may result in secondary |ibraries defining

it t . . . b
oof Higind POR G BE Bt WLEE By Frigno ° o
polypkjgtitgs.hSee PR P8Y. Nos. 5601, 798y 58irh28i8, rmd 5,83 0172 fnwhi€lidire hereby

. ol tides of_the invention are created by shuffling
inconpPyekBP yotbiies ThiS Gun baont i di inal Repicras o o3P wembas of
the 1itthry! Bi€scoRPotAGIHBRGS S ek blffa_ﬁ‘iilz.a nmﬁsd;ﬁﬁtﬁéd,lthégenb%ﬁﬁ@ Bptimal

can be shuffled, erther wth or w thout” error-prone
sequep@rRoundin the icpmyutational kirsercafitheptimarydivsary caebosyitheaizednError-

l.at ed [y i . d It
prone bR i Bi BT P e ot Siepon oS BRI P et 1
oligoridceotifad thath@de & tBSRwibtibis &t@eﬂarﬁﬁ%osﬁioﬁ@ of th83ibrary (bias

. 5,837,458 and PCT US/ 19256, all of which are ]
oligonuglestides).a Be additipr pEthe pligomeleetides wilicseatses biag favoring the

. s . SERAN sk or exanpl .
inconFFRUESe 81 ) P Al SO BB i
mutatisGl/EIn be usedVo biae thedibraryset . Simlarly, the "fam|y"

can be the top 10 and the bottom 10 sequences, the top

0 i . i S .
0300, EHERSS, A LDBobi 1y Ei SR £ CSR HE iy o
sequeneey irhthe pegstarerndbiassiliggnudieetidesyputradte o RV A sefuenctslibrary that

cribed. her.ein (g,.0.,.startjn ith t li,brari.es .ar
releof ¢ blogict o4 e s ol tha Bl brior. T ot e i
oligorifileohitestRR de Aol irtd hrRYPdURMyRHthey bAD&IkerFo BE bR PHCheir
PCR can_be performed to %ienerate_ a_library of variant
frequengy, 4op|0)igepiglentides enceding Jighpyutatippn frequepop pasitionssag be used;
87 ot BRI b B S ERI IR0 AT e
the divarsityois imeredsed;Sif tife seéradhiyldibasry is ksl sEmehiraber of top scoring
.artificial,set or famly. In this method, he gene for
positigsep e Ry fOﬁaﬁrérman%Kaqauqrfwt{&ﬁ% resieBLROSitiogR By De caesfn: 2
few tc%fscbﬂi‘ﬁ‘g Rid AR ol ROARY 0@ B SHBERE ST M 1ikE! (AP Portant
) CR is then perforned on thé opti mal sequence gene |
is to geprratgneweregecnses basedom prsifertadi vagsble pasitionsded Sequendes.
nmutati ons at the variant positions of the library

[0082] bilgansthérgamidtbe PARIesHg a Wild-tastdédne R ofbr £dAe can be used. In this
ol i gonucl eotides will create a bras favoring the

embodipieht BtaERDHENSTS B3¢d (g o il tipa 2emre thel gene pycoding the global
optimfYedl @&fﬁhée‘,’ ok ¥ c%ﬁ’s%éﬁs g%‘%ﬁﬁu‘g&gﬁ%‘%g S o %1?&?({%@??01&0#5

mut att ons’can be use i’brar
sequessdes fifoli diffecah otpanizensy. oinrtkid ewibblinesht, @ligpiuelvetiBésRretsed iRat
t.i.mal

eng for the o . . . . .
corresgonde to tﬁe variant pgsmons and contain the different amino acids of the library. PCR
is done using PCR primers at the termini. This provides two benefits. First, this generally
requires fewer oligonucleotides and may result in fewer errors. Second, it has experimental

advantages in that if the wild-type gene is used, it need not be synthesized.
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sequence, in the presence of bias oligonucleotides, to

create a DNA sequence library that reflects the
w@e@potdsion of the nmutations found in the CKI PCDUS2096/029349

The choi ce of the bias oligonucl eotides can be done in

a variety of ways; they can chosen on the basis of
[0083] héfhe nptant dutaolyreptidessian §o figen awiiumbsr eherganisms, hignCKI

polyp%da% fh la.\{tg Sgiﬂ gonﬁlgﬁgg{'e?%g gc ?@H?@ ﬂ%ﬁ% l{lﬂgd% &> the class

of highér pladib Emmud ﬂomsfbﬁﬁatitﬂl toctiitues uhﬂﬂhudlﬂ@bomhﬁonocotyledonous
diversity i s increased; if_the secondary library

and dicgiykedanousarants, ariet ascetaip loyes plants spelsisalenss It:lélﬁluées plants of
a van&gr%?p o???gl%{? § ﬁg&u&h%?oﬁﬂo%) 'r?igpg\gntﬂ g%&g o?lld;@lqgﬁegiﬁc efmbodlments,

the plhlﬁ\AS Bregsica gameﬂramdbpbfs tkcﬂmw,rﬂbzandmtzh,enmégmce\MBéat iadfalfa,
|nport2@% j to generate new sequences based on

cottor}, paplar aadthgdikeapl e positi ons and sequences. [0082] In
anot her variation, PCR using a wld-type gene or other

[0084} e s deacritivd abeeg) thel mutahi @Kbpdimhpuécstqf tlze imventionrage demmant

negativR gbggs b kL BBt IR et pOBRSEn o h afent CKI

polyp@ﬁﬁdé' pﬂl?ﬂcall%r iflteracky With 8hlydak BQb&B PLOSRHRPSRAMERRER or CDK
omdifferent organisns). In this errbodl ment

protem$ (igo rﬁhﬁ:¢r@og¢r¢egs arwrallyescumiag CU: peeystin @rqtgmtfmn the species

I n.t r ent
from Y(Bich B Rt e A AR iy TR elot! et Tl the
mutarit M(Hi@f)ﬂﬂdd:ted ﬁEh CEméycvﬁhd@fasé iibeeREsy the wikd-typé CKU Btein.
generally requires fewer oligonucl eotides and may

[OOSSLeslﬂlaﬂ aitgingt?\)’gefl%fﬁ{uﬂ P/ e)?@lﬁﬁogemb&dntﬁ@ﬁt &fé@l%thxgggl{laﬂolypepﬁde

dvantages 1 n't Wl d-t gehe i's
physwzélgdninm’ctsbaﬂsgmy bas brbath E)ﬂﬁ)Béi]ero]lageumﬂDmr dgistin protems (z e a

s BoBGR 165 G2, 05 Lo any Sunber, of, acgent L
from ﬁhﬁh@l’ié ERI mathnt 44 GerNe%? ts§cH tAgH é’&ﬁipl&( & the h&@ro@dg@% of

her plants anenable to transformation techni ques,

CDK/pwgmmm@lsm@tthe muteat 6Ky isproteoigd figmiCBKpclin étmasmmblbltlon bya
mld—t&%@&ki l‘pr gm t cm?ésp%ﬁ&st t%'tﬁ]e bﬁ?eand?:ya?}l r8§el111f ‘é’lfhsl %eqc%%iplex

a varie

Ge., byrwwdutm chQI mt@m endogeimiue 'rt@IthamZd)ItJa@d @ycﬂjm protetmprci fic
enbodi ments, the plant is Brassica napus, Arabi dopsis

hal, i
1086 20 e I I i G ro B AL pdn Bl f ity
specifihaniagonistsefontheantregidhdipgiwiltetype GES pafteinhén altereativeon

TR TR T TR a—
than cREMIRERHE AR T PBYPEsRLd. Yok B 8¥6, ta&nﬂhﬁﬂ;@!ﬂiaﬁbpﬁ@ EXQ qoota?&lsnde

of its correSponding cyclin or Erotel ns (i.

may beradipgeifie auegomsiol ﬁazvﬂ@rtym dmlrzm?gzs mlmey@dfp ﬁnlpi; wtspeaific for

e C
wila- (bR o SRR Rt MR E e S e i Bl o poples i
polypeptident AGSK| a inwitant BF@eice CKIgolyplfidaahy be .k speRRe antagonist of a
i nhibition by the wild-type CKI protein. [0085]. I'n an

wild-type Brasgice ¢-&.1 m&ma%@wﬂy’;pr &S shesifig@ntagorish e Wild-typse
Arabng};s'?s? Brédfica QQ})&@? %‘?fclzrfjeemax, maize, rice, wheat, alfalfa, cotton, and/or poplar.

[0087] Mutant CKI polypeptides exhibit substantially decreased biological activity as
compared to wild-type CKI polypeptides, including, e.g., modified binding to one of a CDK

or cyclin protein and decreased inhibition of CDK/cyclin kinase complexes. Such decreased
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physically interacts with only one or both of a
het erol ogous CDK or cyclin proteins (/. e., a

wonataoad3lily occurring CDK or cyclin protein froPCEUS2006/029349
speC| es that is different fromthe species from which

t he nmut an ived), such that a conpl ex of
biologjsal W@V 6%5‘?)’{%’5@3:@96 W@Meﬂ ugipat vize Arfl/etia vitta asseysciuitable

0
s Spdil S84 GO HNERE) CURIGRLAIREAUR, Bt Crblofypin
bindiny aksays, and telluda prolifiation hssayso i kubstahtialelecrebye it biological activity
rotein Edogenous to the CDK and cyclin

as °°B‘Palfeé.t% gsﬂdm BY pelypeniides wapsdhahihs Bological aptiviyof thevariant
CKI ]Z(ﬂ%%%‘ﬁﬁ% gflgs?sftgén %(ﬁ)@ ok RYEbA 96 r@léah?gé %’ thall %@&; bFless than 50%,

e correspondi
morepymicalyress tharad 0% on bess then éﬁ%pd@;&afeﬁabl}t lees ﬂlmt 20% dochdss than 10%
i on, are specific antagonists

oI eti es aof. the invent
tha“ﬁ g’@ ’I‘i‘gl’f‘”[f‘n QFMPP()]’BEP@QI pol ypepti de. For

exanpl e, a mutant Arabi dopsis CKI pol ypeptide nmay be a
[0088] p elyi soimg eantrodiyoerits thmﬁufanWKdelymnAc aiolmlem;nmdfﬁéhtmn as

comeh B Bt RS ki Moo BShpsen oo

mutaﬁC(EKmete&i{ylth cdbith addifiddal ﬁféﬂiﬁﬂ%ﬁﬁ&ﬂs@ﬁ LomPhre@ 1o é‘c&?r@sg&ﬁdmg
.. Brassica CKl ngetgtl de may be a specific antagoni
wild-type LK nrotet astepeeaisakio geopwirismitent oegafive proteiask

axr%?&QhéI{l&e B0t ﬁg Bgféﬁﬁlt&f)tro é%mg a M%S%Sﬁ bolélg %R(‘j’%ig%?d to enable

solubkd eb@tésslpn omEI aﬂh, anﬂraﬂilm adid @db@fltutlbﬁ)@ﬁﬁbdtwéﬂ Wbptfﬂﬂze solution
subst anti al decr eased

i.d b
betaxi, 1B G s ey hereine Shah bameiatinns depipkhessin can be
combﬁﬁh)ﬂi’ WQ?&) fohﬁ%'dﬂlﬁ{ibﬂzg wvaftall G WM gg«gegbiﬁ]ﬂddgﬂ?ﬁ Fft

cycC lin proteln an ’on o
polyp@mwe@yem bﬁmadc. thetare donpeethes the&ouhs;dmdmgaﬁhﬂﬂype pngem;aﬂor

sted an ivVQ
examff DY Ho0p 35 05 5L pilil 3 16 4ES af Bt ik 5on
sequeBtas, Al the like bethey aybolheyg! | n ki nase activity assays;
CDK or cyclin binding assays; and cellul ar

0 S R0, RS RS B0 B Bl o i

nuclep@lc;qse it theteasaefths nmidikit a¢ibahdoedraly Befqabncﬁciﬂeﬂﬁw yf bk ntlélelc acid
tide js less than 80% or | ess than

I ant CKI
sequeti s Sipgreoshy WiBoBhind aridgea ey 1obay hféhesse% acigd the
degen%bél@¥ ‘ﬁ@hﬂe)geh@cﬁﬁcoﬁgﬁﬁﬂ A8 Bias! o?ﬁ?ffér&ﬁ %rg')égléinsa cord];ngly, the

erably | ess than 20% or |l ess than 10%'tt
nuclel@@mdwgmb ipntiiy! ray Yepeithexlowso by bigheri thian thpiOFBR4 priotein

sequeﬁgg%dﬁlf[@&g,{ggﬁéncgééegg%@ﬁ @ityP ]8a| pol ypepti de i ncl udes

ifrc a wld-type CKI
ol ype tlde in addltlon to those outlined herein
[0090F > wilk broappiacigted orthossripttles 416 duajo the degdnaragyl of thegeagtic code,

t
o o SRUIAGRL GO SOMACHE 13 0 RSB
CKI pnbgpapmdﬂs o;ﬁ ﬂm;aemb invéntionp lmas ,ihaging déentified a pargichia amino acid

ted 0 aci substltutlons i ntroduced to
sequefiel bie Rt ér ol Bh1Batest SBEF 817 CRSbditd the ENKATGRTodgn ses be made by

simply Hf%aifyin'gtth@%uérme P IHE &IMbR BAbASTh Za%ﬁ/%ﬁikﬁ 88%s not change the

amino acid sequence of the mutant CKI polypeptide.

[0091] The mutant CKI polypeptides and nucleic acids of the present invention are

preferably recombinant (unless made synthetically). As noted supra, mutants are typically
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behavior. In addition, as outlined herein, any of the
mut ati ons depi cted herein can be conbined in any way
wa eoo7ora3ueddi ti onal variant CKI pol ypepti des. PCI/US2006/029349
addi tion, nmutant CKI pol ypeptides can be made that are
| onger, than the corresponding wild-type protein, for
prepaxed P site-spsgific pantagenesis efnusleofigastin fie INApwcoding atcomesponding

i o A PR B 5] e EHARG S B85t e s,

to preuhicy PAA esbedingahe mutat, Aed denttef dxpetssitg BRI DHASAGODSthinant cell
mut ant, CKI nucleic acids. In the case of the

b
cultugg) AMBINE 25 sgquenpe mylaRisare Cliaseptisized by thamrpdgjerofinedwmture of the
mutafie Gt Auddh i g?tlg ?ﬁ:@@“ﬁ%ﬁ 85%%@2 %gcéa r&w Pﬁ%]ﬁ:omigtgrs%géigs

seduence i akes i C
vaﬁaﬂg?feﬁhe H?wm aKi pmtgiamgﬁﬁma%@mlum.t %\@dﬂﬂir%@ﬂf’aﬁo%, _t}ae variants
. tent. qrgani.snms, Accordingly, the nucleic aci
typwéiLng@%%sn;ng@%{lp 19g ﬁgytb@é a Sk ey gycbmfot@p (#cgreingly ragreompared
. ol - . e ..
o clipolin 92354 EX0pRFIHSHE Gy LSS o
inhibibgrytakidity; althaugh variants danealtoobe sekecrbd glean daweyddfonaheariant

chamgten tcisc code, an extrenely |arge nunber of nucleic
Sk may be nade, all of which encode the nutant CKI

2‘r]Jol%(Biepti des of the present invention. Thus, having
[0092] 4 eWhile fhesite opepsiandior mtrodwiimparsarnigo seidsequace sunyation is
i f.ferent nuglejc aclkds encodi ng the mutant
Prede%?“@a%?hﬁé é‘ﬁ’b‘%{é’ﬁ#ﬁ’asee %%?5&0% Rfﬂ#ﬁ%@ﬁ ?w%émgﬁlau@ﬁé@r to
optimade therperfirmantecofentdomtion &t 29 Vasitéiatdord %ﬁﬁag?:ﬁésiﬁi‘l@? g€
the am no acid sequence of the nmutant CKI Tpol ypepti de.
condttcﬁ%gai

O

CTARECTRAdAR OF RlongwH Jhseprrrasessl variant B ploteinscicdened for
the ogHm I REmBIERGIGS de@%&f‘é&ti@ﬁy.??‘&ch%q%&%foz g{%bﬂﬁ?sgl’ggﬂjd{f%%@taﬁons at

(unl ess made synthetica
predetermined pitesdh DA bpengd khyws séqpesqrant ielt-kituivagn esinsplef M13

. nucl eot i des ,i he.  DNA encodi ng a_correspondi ng CKI
primep FEHE S A rﬁ&‘i%‘?@??eélso%cffeﬁ%ﬁﬂf theRieits ixona emeassays of

mutarft @KIDréteiR 408V ikiek R \WPtimbmt dhgradlelistids0 Produce DNA
encodi ng the mutant, and thereafter expressing the DNA

{n i I l.ture. Amno acid.sequence
10093}, 16 E68E BBAHncHE: Al s B ETionS R Ciref R Rt ot
embodifnentspmnitipdd dmino asidiregidnes ard fuBEIERE $e. 5NN, ADEF tofd Ao acids

natbur.all occyrring allelic or interspecies variation
can be,qubgtifn eﬂitlgﬁ?ﬂ@éﬁrﬁiﬁm Iy o therrgdercat diose eferanh d 4o 2Agbout amino

ids, QthbughRSnas M ' E Blstamde Frd
il ndigrl}_ g of éefimtﬂﬁé%rg% ﬁé%’%“%{gt@%?{: G.D‘Rﬁ?)%%’ eﬁﬂgﬂ‘&{s rarige Bror about 1
to aboph2@ tssidinesy by fromsabouinprabdutt 39 residwasy dgpoghingnw dadest ded@ions

KOt el the nmutant exhibjts substantial . )
may b ec“r"gé%féeﬁ' dne riam ﬁ%"B@‘P’&P@ %E@Pb?’?&?ﬁap?m@awemmeam derived
from to@ror @ wild-t§5¢ €K1 BbtdiRA byithay foadidiie lh Q8L at VA% fAfat
. Characteri st ?%ésﬁ)m[igogé] V\ﬁi l e tahe sitn;leloratlpgéﬂilgir% %Ir<or

cyclinbindingnegiongs ahtlingd hereiei d sequence variation is

predeterm ned, the mutation er se need not be
[0094)or Sdestitutivneaibletions, igseaigk.or ahi cOhBRbtidPthereof, are used to arrive at

a final mutant. Generally, the modification(s) are done with respect to relatively few amino

-

-

acids to minimize the alteration of the molecule. However, larger changes may be tolerated

in certain circumstances.

[0095] Using a nucleic acid of the present invention encoding a mutant CKI polypeptide, a

variety of vectors can be made. Any vector containing replicon and control sequences that
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optim ze the performance of a nutation at a given
site, random nutagenesis nmay be conducted at the
W 200g@8163¢Ddon or region and the expressed variBCt/USHKD6/029349
proteins screened for the optinmal conbination of
desired activity. Techni ques for making substitution
are derived tfiioons speciep cemipatdlaivitle thediostessllican bamsed-n ithegpractics ofithe

. equepce are |1 -kno for .exanpl M 3 pripner

inveniif 0% dechir® ifbbo o Riout BBichtomtspgpabi i or vectors

whicHhkehndts irts a 468 Gehtsthd) IGERAly S exprestiohaRttofatthclRd O &isbriptional and
activities for optinmum characteristics. [0093] In sone

translatieradiregplatasy nuelpinecid é@gior;smtablxﬂﬂnkle@d_éo lﬂneéluglgei@dﬁbfngoding the
muta I3 Toonle S f TR0 Bl hood tobkty DTSR El ey

for thaekgstessiciiofa o?@ﬁﬁlyilin!{écediding Bérice @i 8 paxtieulhyRost aidadis) The

t he order_ of fromabout 1 to 20 about_ am no aci ds,
contrey| seaisnges theirae satebls fgr nrefagretes, ferexamples inelyde g@romoter,

. ' r . t
optiof iy Hhfor Sathbe s  ABGRlS AP, o fip8fondlbad
translafiddabreglatary aocteic aeid esgices! veilll generalin e bgpropridie toathg dost cell used
In certain e,Hbodi ments, nutant CKI pol ypeptides are
to expregsiRe BRYRRPGed fromtwo or nmore wild-type CKI
proteins, with at | east one nodification in the CDK or
[0096¢ y dhicartiiin edibadimentyi CKI agcleiottids et rhadifedfor polixddd gene
Substitutions, .del etions,. insertions, ,or any .
expreg LI S L USRS QR AT P pYoJEsEhAcipg f gpdon
sequeltd With a tia8818fiéH dodon [dogresPRRtifnic @8 tHeQR S anAhEadi®Batih hiphly used

_ respect to relatively few amno acids to mnimze the
in thegpeaiesfi el inWhichéhalBNAcuplsculeiiiebe expiessede Exemples eEBnKrpl
t ' ' i s A-
S B B 10 A s R A A i e o
optimizedifbeedpréskion roMapre ptd shewndn Figure3d.y Codon/@tintizatiohatodedures are

e S S A LSBT GRS ot
codorbpittnizEemiRst KEA! deqitBesd ab&R8hrcl v&’it!ﬁ%h@fnf%%dt ﬁfv_eﬁffioﬂ. he

i nvention. The 'vectors can be elther self-replicating

xtrachr onpso vect.ors _or vectors whi.ch. inteqgrate
o097 KR BB A iRl Speny S MR lob BB bR R Bl
sequeh &l ddelRndwraihSheé hip For@nalietsod hbstaesd. alni genéhl, RAHNBERIonal and
nucl eic acid regions operably linked to the nucleic

translafiongl egulsinri gequrecesinayiaclede, e.golpyqragier wauenrpy ribesgimal binding
. " . n f

s, AR ST SOUSAA S8 LS 10BN SAUSIASE G808 o

enharsegpresctieatonsequgred. | [a dypcal kmbbdintegsnibeneguliteryseqtenots include a
sequences that are suitable for prokaryptes, for,

POMQUCLIR EANSPHRNOOHES St FIISHRR SSHUCTSHY | BFRTS lsa Brigpliingipde a

polyiRAUSHIOR comBilin dol QASOMB I Mo Sor HhdeRion [JFForeign DNA, The
transcriptional” and translational regulatory nucleic

construction pEsyitable vartbts coninming DN Axncagdipg ogplicatian sequenses, megsilatory

cell .used to express the.pol ypept,] 0096] |
sequefiis, B Gy oREnT hetbid RF Rt AP paAp SRleessl pre pyenared
using s@hd§dRaneeifRPBNA procedures. Isolated plasmids, viral vectors and DNA

fragments are cleaved, tailored, and ligated together in a specific order to generate the desired

vectors, as is well-known in the art (see, e.g., Maniatis, supra, and Sambrook et al., supra).

[0098] Promoter sequences encode either constitutive or inducible promoters. The

promoters can be either naturally occurring promoters or hybrid promoters. Hybrid
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expression in a host cell using codon optim zati on,
whi ch invol ves replacing a codon sequence with a
W e@n®iatd on codon (corresponding to the same BEI/N82006/029349
acid) that is highly used in the species of cell in
whi ch the DNA nolecule is to be expressed. Exanpl es of
prom8iets phicamcombinecsbeinends afavere tlomne Bromater, Bt sy IE0F8Vin dinlart,
Y149A, F151A; F153A) t.hat. have hee timzed for
and afg KPR 51 BF Dot nd i ieet erhec e GE Desgiiprs are srong
Lo . I ) N
prom@fRls, 1AL AEABRESU BpeRs PrlRNRND plaf S8\, THORM firleularly
suitahdb fariuse b dveordeagorittoibe presend dnvientiom ereldepdribse durthec égid. n
accordance with the present invention. [0097] Nunerous
[0099]Y PRSdftioRPRE eRsrbAidR VRURE SfSdofihriée ad@tional Aeheptsl FRPELmple,

regul atory sequences are known in the art for a L
the expsessionyveeipr may havedmogeplicatiefesistents, thuk ellewimgdicipibgmadafained in

ovo B AT S B SRS S ot

for clbfiidp asd ipplifchsion.s Fadthier A Hintdgling AP 615 vectors, the expression
transl ational start and stop sequences, and enhancer
vectop potHng Ytdeast ontespauence somplegeysip dag hoshplhgememesand preferably two

homo{l«?@ﬁé gér%%%%(ﬁegna:. sé ar ttﬁé;%‘?@%‘é‘g (xgﬁesquehgl“ehse E} %%8 i%% \Srecé?rscgn be
directieyt o & gppelcific loadsuin érechopiodellibiyrsklectingsihe appropridta homppgous sequence
. several .restricfion sites for .insertion of_ foreign
foringHon ph B GG SRTBRS 61t IpBRE Beers ot Sk by Bithgart.
DNA encodi ng replication sequences, regulatory
[0100d e glnendain emplodimemysp the expiessien vastqyeneinsarsdlectablevmarkengene to

| of .l nterest.,are pr red using stanpdard .
oo 1t s of LERTORY LR oL “BRETPn IS LRI B0 o thp art and
will vaBEWhh thedivdt dNAistd. aQiRBleSeREROICEDRY 64h intlaté, Foeskanmpiy] genes
Iiégat ed together in a specific order to generate the

coding ey anapicilibansy ey tetagyelinegesistancaowpich snaties etls trpasdermed with
these[QrB%glg]tg/%fﬁv@H the pradéHcB of ARek pEpRiRek et al, supra).

onbt er “sequences encode either constitutive

r Jnducibl e onbters. The pronot cap. be.ejther .
(0104} 13, 0Re FSpeGtefiig Prrgets FEIRBER & g ik mholsicopid tsgiroduced into
a celll bl HBLOFPIOMmbindibe RithARRLIDE BY eHedlScdlintdP be glahfbtical

_one pronoter, are also known in the art, and are
equivglsats ereimistreanpthetha nu¢lpig epids enter the cells ips manner suitable for
i,ent. the.pr ter [ Lro [ S,

s TR, BURFOOE, i 5B LPDRLPHRIB 3, Ty pyhoc o
introdigtibisis 1polyalicaisd pattd ietgerd leyll el Babmplagy metheds iclude CaPOy

.accordance with the pregent invention are described
precipiiftionliposeine A1siqnp Bpofpetith  dlgeiraporriions veal éxdetions prshthe like.

Meth%(ﬁséﬁa?ﬁc&&@rsélﬁggm\[? g%ﬁnﬁ‘&ﬂicﬁbxﬁﬂl% plBhEIRY %1%_ kelo®n i SR W £nd are

expre or may have two replication
also deyatbedur/fid (ras Sedtiondl, fransgenic Meantshi Steh methodmninclude, for

examBle RO <P Sty DVt Picrsietis. Zhigmofyt Gl mcteic
acids AHY skl Rk dePhte irftdl iHeMRAomé BF tht AbGILAL dr'iflayrexiét @RBIrAAnsiently or

vecCtors, the expression vector contains at |east one
stablysindheerdeplaomid. o gthuenghdhe tre of treditions!|plageridsywtilizing standard

fer abl honol which flank th
regulfipfr B8t st R R LRI RHar ng vect or “can be

[0102] Prokaryotes can be used as host cells for the initial cloning steps of the present

invention. They are particularly useful for rapid production of large amounts of DNA, for

production of single-stranded DNA templates used for site-directed mutagenesis, for
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directed to a specific locus in the host cell by
sel ecting the appropriate honol ogous sequence for
w0 p@7asi3en in the vector. Constructs for integP@L/USIP06/029349
vectors are well known in the art. [0100] In certain
enbodi nents, the expression vector contains a
screeggpagnBtapts sieaftageavsly; andufor BNA prauseding of the nuftants generated.

B T L T R L

straitBW31a0(ATEEI N 7305 0B e XERT6I(ATIOMN. F105378 a8, @0li B; however
enes codi rt1 far a%ﬁaiﬁd I1in_and/or tetracycline
many QRFRYRISO! Bkl FIGHAHIELD 1o BV QL VMS23, VS 38 M MA39, aed snany

. t ' . | bi ot.J.cs
e R iy b R B BEASE Gl bESER P Bt
enternbictertac@éisuchuasl Selmoradladyphdmimitim ot Seregbia mhecedar hdd various
her al one or 'i)n conbinatign_ wth ﬁ vec

it tor. B
Pseudorynas saesiss o el b° Biedg sita Prokpretnhosicet e atbardpst qels with
rigid WERWall$ B leyi iy A Blfic AGIAPHE Qhifund o theihb8 afidescribed in

_manner suitabl é for subsequent Integra
sectiempB2 pf Bambrook efarid sigrraeAenativap, edctioheration bai e wed dor

tans{olfa 3 s ool g At S GrovBioH Gebniche 0 gcicaibin or
examPleDbWer, B GoRiic FhpRes IR, M'bz?ybs ahll g%g&%tﬁgai(ziﬁééz% (Plenum

el ectroporation, viral 1 nfection,

Publighing 69 pkd9P); élanakianet glii Methl Brtrenl., 24650099 Blasinidsdypically
] d
s B A n - MOPHR B2 AR R, e, and

BluessuiphMit8} dibefswhicic iredescribed ireseatipisel,. 120000 af Sa®biooRfer al, supra.
= cells with DNA | aden m croprojectiles. The nutant CKI
OWeNFEITRANY ofsr guitablg vestosn g avai{ablg kel nt o the genome of
the host cell, or may exist either transiently or
[0103t aBhemiviant GBI polyogptidesofitbe present imvenidin drbeypicatlyqfroduced by
. Pt l.asm.ds, utilizi.ng standard .requl atory.
cultulgh b B8P e BTN it i eS0T e g ipglggApid
encod?ﬁ@ﬂl;%ﬁﬁtﬁﬁﬁ@@%lﬁ)%ﬁﬂ&@ Andd thOSfpréRlateScon@tiohb & nbhdd @lcause
cl.oning steps of the present invention. They are

expregsipR pLige mutapt (Ed palypeptider djor mognlstion of estl dim)éioar the CKI protein

: : ctd i nale- st randed

s xRl on 2 SN Boflegb A SLERE

includ ey oaseenisolgtioneofia muthainCKI polppeptidaahelCKY mand chobe Bifessed as
nci n%. of the nutants ene{1at ed. Sujtable

. Se .
en intE SR BIPItn fpocrpalively. n e fogeldhit i sesretecdrom the bost gelbMany

ok it i bl o SO Rl 1ok BT et sana

sequegee #rqwshaditheamino ecideequencai Hsuspproinsamirmally fimindas the cytoplasm

I M . NVB22, . NVb38, - NVb39, and many ofher .
o "‘?E‘é%t%dsf%’a ﬁ%f%@ﬁ%?fﬁmgﬁg& Sl S (R P A bJ_!;lleﬁ qrpadily
acconsplizhedby Beetink DA Sh€didd Ssighdl REJuehBl BHRD §ChA o BaRIA
such as Sal nonel la typhinuriumor Serratia marcesans,
encodipgithg Rrqtein gnthen quprstig thiscusion prodein dn in tpprogrénte hest cell. The

DNA ¥t i t, cell.s or other.host cells wth
RSidine B BEAANBAL e OB biife Pl e e Bt oy ene

encoditg Tprotaic tith misif@aheetbate aThos pedkiaBRtic) yeastedid &ikadoB signal
of San'gr ooeg et ,al. , supra. Alternatively

SCqUERES PP BH BY ihersin, dgpending endle type of host cell utilized to practice the

invention. The DNA and amino acid sequence encoding the signal sequence portion of

several eukaryotic genes including, for example, human growth hormone, proinsulin, and

proalbumin are known (see Stryer, Biochemistry (W.H. Freeman and Company, New York,
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transformation of these cells. Prokaryote
transformati on techniques are set forth in for exanple
w@eme163in Geneti c Engi neering, Principles andP®BEUNMN&029349
12:275-296 (Pl enum Publishing Corp., 1990); Hanahan et
al., Meth. Enynol., 204:63, 1991. Pl asni ds typically
NY, 198&@ 7&99), ancheenfbersed assignat saguemash in appeopriie euRIPLc host cells.

east il eaigcen g BE O A BBt CAiipa Bhaly Qv dcids Res
11:16SATOR PP k-8, alicaliePhdsphaRise R mvBin&)é us&dHot @RkEsecretion

vécfors are avail able as well. 0103] mut ant  CKI
from yrostyhweteellseBrobryptiesignal sequeneas genes &n@du;go for gxpgple, LamB

or o S B, S OB T SRR BIR A o o

genestxhsy Pohsa o falet Bﬂitéﬂﬁ@éﬂpkéi@ed pRitarydiR RNPInEPIbe @hRure medlum
condi ti ons tO i nduce or cause expressi on of the nutant

[0104E§]‘h§ lg%c?ﬁg %&oyggtrg g‘«g&g Hé,aﬁtt ?]?Fp&%})%)aide egér\ééésgde rl &a?fvmh

the chf)ibe @ftlﬁ%pﬁ@#ibﬁ satorand tefhoshellp aebwill be mﬁﬁ hScenalhéthlby one
cl ude harvest or isolation of a nutant

skﬂlecbm the ar thraegh nomnwemﬁ%vorb AprisEaBRISy @géléeo‘éf@néfﬁuﬁve

I I
pom B85S Bhr P RG34 oyt flon o
host cglil,ottelerthe ngerofmh lindveibs promdtdr requitek éhecpptopdetetgab wthanonditions

._endogenous,. secretion nal ence art of .the
forinGiETAY. HCHCH B EE crpBnen, BERG E 00 DI ArFef i aorgpt. For
examplB&hE YARARVABRyERMsRBd RTARLESHIT &hra8bh e 19 Wusks, Akd Behs

a S|gnal sequénce to the protein. This is readlly

harvesf ¢imargsiactorechndye impgrent der mdva yebdli ng a si gnal
sequence to the 5 end of the DNA encoding the protein

[0105RNd Hepedin xRS taBmbiilly hisédiii 1ok Y eticevedtardinalnde the p-lactamase
riate host cell. The DNA encoding the si

|
(penicilbigeroh sl oiasBromtes FiRemH(CTang ebel NAB A1 6 by hdny: takura er
al., Scfzén%.g‘lQ@Xoﬂﬁ'TQTP 'Efo%ﬂﬁagté‘l Wcﬂ&r%'z@l"mtlhl%’ ﬁgi;f%gt?%han (trp)

sequence prokaryot’ic, yeast
promaenpysiens(@paddnt esalc Much dcids &es. 18470 1 980 BROdAPE. RubliNe

el | t||| ed t L ctice he inventi
36,7767 B s ke osenatise oy S Bl it B e ot ey e,
other ARGHIBIACE oMLY Rive %erﬁuﬁﬂ%@' and RN 1Y @bhder3RESir nucleotide
i ncludi'ng, for exanple human growt h _hor none

sequepgesihaveibsen publighedrenablingd sklléﬁdeﬁwkewm liggiedhep fnstionally into
plasm%ggegpo%ms?égi/e})gﬂsﬁ a1 %“Szggﬂ 2%5319%65713&“% New York, NY,

can Useéd "as’'si gnal sequences in

ppropri ate eukaryotic host cells., Yeast sign
lﬂlﬂﬁkeqﬁbﬁ@egahvgﬁéﬁn% Of p EFSPRAAYFIITRIOOLE SEFLER i a%eleed in the

practléﬁa 1e e Bn Nife gﬁﬁtﬂ&é@ Srandibraté ?@STﬂs@@t’é}n in %Jl?é:t@STs are a

I ne phosphatase and 1 nvertase used
familylof @czymsetaetanaletdxifymnpedst oflbjsiropi@ﬂoiosaledﬁlop]nhc ymlnpcunds that

often E@ﬁga gs R%%%e %%geg%h}gerr mdgfe Od I 11 %@nt M%s}(ﬁz%?lggy 7:235-

243, 1R8N\ SibdiePBIR shéwh HIRER G é&@lﬂre@ﬁl iV d1esd 19%&Q§n ﬂ%’enhanced
be used to target proteins expressed in prokar

herbicids foterinveo Thisacen s primanibdingdiateldhongh 7 ppectfsnd i/ kb oiRN
transc\l}ﬁ Dor roltdﬁgte Irfl ohorplﬂ{a?z%thas a Inat%?al%po%@ltlr'n%% q%xegée%tc’ §e'moenalrve\z"at!l)L

present that can respond to external stimuli and that can be induced to produce a gene

product. This gene has previously been identified and cloned. Thus, in one embodiment of

this invention, the promoter is removed from the GST responsive gene and attached to a
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the choice of the expression vector and the host cell,
and will be easily ascertained by one skilled in the
wa@ea7ohBough routi ne experinentation. For exanptBUS1006€029349
use of constitutive pronoters in the expression vector
wll require optimzing the growth and proliferatjon
mutagf CEhodigsequsare. | Itk matapheK] geneds derived deage p gpromic DNA

soureB Y helcSBby iiRmbiE tRROP ool S AME BafEhdd fifg chimeri
gene.t Thik egginderddwenb iy the sdmbmatiorpel 4 poinotdr thiat eespomds@o ah Beternal
bacul oviral, systens used .in insect cgl |, expression_are
chemycat stnylys apdesteng rrspemile forrsyecepsivh praduction of p grptam K rotein.
i nportant for product yield. [0105] The pronoters nost
[0107 o nAwp inldyciblegomnotepisakaomoter thay sahpatde ofditesty ot hidirectly
) £;I act anpse & enicilli @Yse) and | act ose ., pronoter )
activatipg aRCrpE, pyoneor nore JEl A SeAugnaes £ genes gyrespqnss fQ aindpeer. In
the atbncedFaR MR IBe BREBseqhilchs o 6%11 86t Rltrandaivén e ’rl;ﬁ‘ﬁi%ally the
1544, 1979) and a try&tophan trp) pronoter syste
proteinGaetoll #lat bindsispecificelly tofm iddudials pra@@nat@Sd actieBdtratsedption, is

presoi i inchvgfors i Edea Ry b Bees i o RS B s RR g form by
the ind€dr OPh@indBER BB BE & chadNiBalR@eM sUbN Ad ZHdteid Rbt&lRNi®, hSrowth

concerning their nucleotide sequences have been
regulgion hepbireds, orarphisholipgcompornd pee phystalegical stregsgapesedidinertly by

heat, EMBRIAGHY slfeRio BR300 B s St BRobll arase

agentGhcloas £EABN A plantuell Wohiamisy/ i iddudibia praastebenbestpoded to an

. t he practiyce ?f_this inventjon _ jis the . .
inducgr by extemahearsling hefrdussitotssyoll anyplant sughps by sprayinggyatering,
. j f . '
il a8 L 1CSETRANAC S A0 B9 O A oo
particube timesluping plntdeyelipntest, thedhdesr (Andharmrgpbied althat tRleant
Mol ecul ar Biol ogy 7:235- 243, 1986). Studi es have

[01083 homaniphatof khéh ifldibie Igﬁ)ﬂ&a@ Ghdhydd HeP$hbeE protndted Sdubl as the
t hi s enhanced herbicide tolerance. This action is

inducgile AelD hpatirberkapremotas o Dypsphiligredimagester (Frrelingrmial., Ann. Rev.

of Ge%t%gslg.&b?-%bgﬂ a%%ﬂqki&ﬁciblle 'ﬂrcﬁﬁ'@c&t sudis 4 %1)‘1? hn%ugi%fe#{rgllnlo%ér from
occuriihg qurescent gene‘already presen at ca

B. napess(Votitk dz al. elusr Piglsiod 110611 994l d thred] calmb délsydiopdiiase gprémoter

. poraoduce ne product. This gene has_ preyiously been
Whlcl_fla qu(iﬁxagtﬁﬁfePl ENBgFL almﬂg,veyf Bl far g Cfl Bidlpsy Vol
3, p 388M8R (B INMifliNRdR CATBHI Uil il PPRRME @xffdrﬁni%'ﬁf. GST

responsi ve gene and attache amut ant "CKI™ codi ng

equence, .lLf the tant CKl gene is derived from
o109 R SOEE i et ihbmrorlo 19 B ballp e Pbeny
activdlidig itNeSiratk QifioAlof dHE bNBofMNAI $8Giidness G gehbPin@llit¥Bilds 6f a
gene. This engi neered gene is the conbination of a
transgenisrdendy Typiselly, e spestidaitive promossttsaenad the Aé Finsemnoter of CaMC

(Odel%:]% g 3%3%'?9?8@%,91?“%?%‘%51%%‘?6&@ a&rﬁ)ﬁesf’ﬁg%ﬁ&ﬁbe promoters useful

ction o proter
in plantsdnelidd the ft®aqinggromsted (Fltdnarat] PlanaCell 2:16341db) ¥90¥, maize HE

. direct]y or indirectly activating transcription of one
histons; (Ligts el MRl oldeh e 23 idTieds i P e elike an
i nducer. In
[0110] The CKI transgenes of the present invention can be expressed using a promoter such

as is the BCEA (B. campestris embryo) promoter which has been shown to direct high levels
of expression in very early seed development (i.e., is transcribed before the napin promoter).

This is a period prior to storage product accumulation but of rapid pigment biosynthesis in
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t he absence of an inducer the DNA sequences or genes
wi Il not be transcribed. Typically the protein factor,

wo bav/obi3mds specifically to an induci bl e pronoPE&r/USH06/029349
activate transcription, is present in an inactive form
which is then directly or indirectly converted to the

the Bmazcw@eﬂ édarivied fromelohnsonciEenagen et ¢/n dullent Blsiodd 34:180, 1989;

Johnspg— gam.e%%ﬁe}r’ sg?(?’e( %trﬁ a%h@&s §g§ﬁg§%g%éné¥8te}r?%1%{n \(\érs have

also blé@ﬁl ﬁio‘i%}nqg dgradt aMigteleseliofeRpreshich inetdebd-spucifftaninnet OV sblker et al.,
or toxic elenents or indi rectI%/ througg t he

Plam‘eﬁetlﬁ 1695, 398% Ppi@nh%s@é?ﬁabrmdnwgls&dg@n 135 42%9; dse gt ﬂlmpﬂgc Natl.

scad o816, SRS ROBEIG A UGB P03 16 i

promoteiue Seerd ﬂlokdm&o dirbdt olHosi@ﬂ @ﬁé eﬁpieislcaﬁn an%@ﬁﬁ)Brﬁ@;ca such that
wat ering, heating or sinilar net '

t
oleosigenspiraipples toorppeadimately k eofdhpiotal §¢e@1§>r@qemt(liﬂrée ¢iplg Eroc. Nal.

r
Acad. %ﬁp %55439[%66 1336} & iaénﬁz eﬁfs%ﬂoggfﬁ? g;ﬁ dérﬂ% 219 ﬁ'{ﬁy ﬂae&’egir?:gggd.‘?se a tissue-
specﬂﬁixmﬁmlvempméntamy:fegu]atbdqnlrdnhetepﬂxatrﬂlm&upmkmdsoﬂm/atexpressmn in
.shock %gnot such as the jnduciblg 70KD heat shock
certaif igfss BILEBH SRS RPTeSSSR Brahea Sies. EFiEwP Shgti promoters
I I

i 08 SO il e s ...
roots p}cm tstemsf pistits Bintheas dlowenpétels, ssed edat, s&(hmceﬂhsy oF opidermal

tayersy AR TR LB BN GF ST RANED o D s T D ooy specfic

promdte@né cMBﬂthfpiblﬂbteﬂﬁ'ﬁih@Qh 1B €ll FAYtiNE thatFretafhs fﬁigﬁre"sﬁ&:lﬁcﬂy For
(BJ. Mflin_ ed., Oxford University Press, Oxford

instanggggymoterMdipedinciRERpression wall predivehlz be t1§sua-Sp¢<aﬁ®t er
Overd b AR M RS 0 RS OB s
stora@emm donlceibd ddetezmms Pa:fncalaﬂly ams@ebmjmnmltamre tHospitlea b1lyw for

t|t itive pr te s the 35 S pronot f )
examplg gpe meaFtpg?lgng%{ & i) %91 t spegidie ool andfhedfic. This
can b@é@eahﬁysuéeffm%ﬁ{eégéédy irbbi¥ SlcRFeNRA ﬁﬁﬁ ak@&fﬁéhdu[hr @Atarests Some

i nClude the rice actln pronDter get al
promagets|sperifie R different tigdie, typnauazasalreadh a@mb s of cerpbe 1spla@td by well-

etabf PR G P SePUBROVOR R TP I8 A3 DT BT,

5,866/793 £% RY&6%5; end!S 929136(2)@&16@@&1&&165 dederib&d bedow NEabBRCERstE Bther
canpestris enbr pronoter which has been shown to

embryg SrP@%l fic E?F(QHOtPlé\P%qt §a1bbe wsed e BEckep tha Presen) ipgalign.seed
devel opnent (i.e., is transcribed before the napin
pronoter). This is a period prior to storage product
accumul ati on but of rapid pignment biosynthesis inthe
Brassi ca seed (derived from Johnson-Fl anagan et al.
J. Plant Physiol. 136:180, 1989; Johnson-Fl anagan et
al ., Physiol. Plant 81:301, 1991). Seed storage
protein pronoters have al so been shown to direct a
hi gh |1 evel of expression in a seed-specific manner
(Voel ker et al., Plant Cell 1:95, 1989; Altenbach
etal., Plant Mbl. Biol. 13:513, 1989; Lee et al.
Proc. Natl. Acad. ScL USA 99:6181, 1991; Russell et
al, Transgenic Res. 6:157-68, 1997). The napin
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pronot er has been shown to direct ol eosin gene

expression in transgeni c Brassica, such that ol eosin
w@ewanuddzd es to approximately 1 % of the total PEEES2006/029349

protein (Lee et al, Proc. Natl. Acad. Sd. USA 99:61

81, 1991). In choosing a pronoter, it may be desirable

to use a tissuespecific or devel opnentally regul at ed

TablR1OERbEfo SRR oMFers UPPT €SSi On or over expression in

certain ti'ssues wthout affecting expresssion in other
Pronidt&S U§Embryb S S U6 FSidegielnd MmaiEot er s” (red&ende0 COdi ng
regions that dirject gene %@Js%ﬁéaﬂ,” rTmartHy—n
oleosiPEsM f|isGodg, SSUES such as, hgihgieaﬂ{,_qgts, |8 ',(;)?dmgtofrrs,
ArabRlophs! || Smifef her 1004 ower 1Rt 8liGledchiq K191935.193988 1094,
nucel llus, or epi|der mal Ia;ggagé. ¥ an gription ’
USP?rita;pnm atrors, enhancers or—acti \’zt%;pu'b aT—be itu S%a: e&d
o t gi.fic pronshdy e mea%ﬁe 2 D KZ‘E,ZT
Viciayfhan cétﬁlﬁ%’ﬁnﬁ@& Ingfclﬁ‘ act i \ﬁtroqginlmcot.et4%e§’q%‘;'e' S
SPECT ity Fornstance,—pronotersutizeéd—n
Legumineframy ;e@ﬁérkﬁﬂnwialehropc ef greadty 5ot keovin, § Raembpea i isepra
Vicia@wbar e LSRILRN i[dayeh@atelr qrsgortgiis btsecos dB9AS | eaves,
whenm gt tenptrngjto—overexpress—+h—Ssegq,Stotrpge—afeas;
Napifierhd |be del et erfi,ous. Partjcul arly sui g8 - 2;?71 Br ¢
Brassimme those that al'l ow for [éXanple seeq- J g , root

e —teaf—gpeet-e—frut
Albuﬁﬁ?i”%&k&ﬂ This can bd &85
roosts,yl d

)

A5}

A
g
g ol AN
3 CooT Ut

+ e £l
T L’I\PI

) aférm" -
from &1 S X Eé‘(’: |y |\Gaefclié ersdl. NRIgnt
S, V& and |f e of| qetintdsodl
Arabl%g-}&%.g zS& er\i £ fAr Crfi FFer eni?ﬂi?glossue

Htergest—Sore—pronoters etHe—+foer—edaH
s |arsisdndeady avai | ali®¥06(° ¥&n be Gueehated, dyra,
Albm%/\%lﬁ%es tatfleilaied %8%e1~mi ques°; gg 4. g.[,19%0. S. Patent
[N E

b
) . | ol wiaks) [ate) . | g s s . .
Nos——5—792 928- 5783 3898 5 _or5g 345" £ 866 793

5,898, 096; and 5,929, 302) and as further descri bed
bel ow. Table 1 Iists other enbryo specific pronoters
[0111Y 1 dp patdisuler etrhodimentpiodbe present inyeptiess erseed specific promoter that is

L vent | . ecl fic Pr s ]0111] 1n..
partcBBICHPE sl e e TRRNR PRSI gl IARY G gl sl i of
intereste dtpepgion bf € dpmbnmat Regatiaiuiagt Pahé bR invelti@Cédan seed
d ldur| ng t{;e devel opnent, of the_enmhryoni c plant of an

evelpprent fnbedesirable sgps faingicassrcell Pipsiprsssagly 1o peed deueippment. More

1 ARR9GHs oY BridMh@ Uan Wad! | @ﬁ%lg itidh 1
- devel gpntleﬂ%{ can géeaddtgg?rggb e %é' as t b?ﬁ%‘?@%@%n fggpﬁl%ﬁﬂnately
33% qil thersiaya o largen gmbrpo swikk tpad dw ictgasasiin oil Wbntenic ed promoter suitable

I.Vi.Si O at_thi.s st.age can |ead to | arger enbryos.
for exBialySh S B SebiliByEET Ry Frtinp Y Lipr 9894 BimoptheapBesplant
tissueglisl offigefestadicrOaswistdd diE@mtdn® OPFArAAASSintdResPhle tERRpRhoter
A pronoter suitable for expression of the current

sequenges dhpt natate gxrRgRigRoineady Phiserspenifipembryordsyelppmertn An early

£ ' . interest to increase seed
pase S Bk WS B AR RSy e
pollinséeigvatidsg stivdd) i idbidipsis @ pi €@ VAEntistage &l dnbther plant species.
Easg-s ecific enbryo devel opment. An early i )
Examg 38 Prggj@&rfsﬁ%leaﬁﬁﬂ%éﬂw}l@r t95es Apalede & pramotesifer the amino acid
' t Qi i . ,
penne%gef’gﬁé TARP1 ?{e\}% t@? %ﬁlﬁr@%o%rﬁlgg} %ﬁ%z%g@zg ?ﬁcgzﬁna), a promoter for

I nation opsi

the oleatil 2-bydnkylsseatpsatirasagetel(e. , hepromstee desgnatdXEFRIES fiofn
interest include a

[ te equences of i cul ar
Lesqugr @Erz%ngr(erf ngw%%mgﬁ@g ?g? umin gene (e.g., the 282 promoter from
Arabidopsis thaliana), a faity acid elongase gene promoter (FAE1) (e.g., the FAE1 promoter

from Arabidopsis thaliana), and the leafy cotyledon gene promoter (LEC2) (e.g., the LEC2
promoter from Arabidopsis thaliana). The AAP1, LFAH12, 282, and FAE1 promoters are
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per nease gene (AAPl) (e.g., the AAPI pronoter from
Ar abi dopsis thaliana), a pronoter for the ol eate
wa2eohydBexyl ase: desat urase gene (e.g., the proP@L/B82006/029349
designated LFAH 2 from Lesquerellafendleri), a
pronoter for the 2S2 al bum n gene (e.g., the 2S2
inactiverianing eulidst siageArfainiutypdévelapheeit. altey, beaomatralgscapilmally active at

o T PR e G5 Py SES) R0 86 o

T

stagesp ﬂ“dmilEé]Qanameten hastanvigvéree expeessian prafde. Euaa@}élvg in verl egudy
d I b

et S SRR g BRSO AL B TABINY oL, B

embr%ﬂ-sﬁa@mﬁ@ﬁfmﬁ&éﬂs @Y‘ﬁﬁer@éf 1%&3@ {)1%§?mer§ At th@ folfotEng Sédes:

fodr pronoters then remain active throu | at er

SeedstickbPjwiopishae vl | Nppwert24:35a%5 2003)hbnTred pbhfﬁe@rmm&gedahck)

(o A SREL 20 T8 Sk b 54l LR oo,

ABI3 gﬂgdpﬂl \PYouiz ol Bhp 1] 54 25-3§t%9¢):} agld3) ﬂgll@”@kh@-ﬂhﬁﬁalafl j Blant
ters of interest include the pr ronoters

Mol. Fioh PERPTIgT IS el it DGl b A ATT 35 0B e L75

ol S P g At s,

Lecl ((Llam Cell 9Bi1295-1205, 1998)33&&395901@93) pemmwgseﬁow-ﬁon,

2003)(1:1;}?1 | (nesstiiongi s PRI ER iS58 12008 Ifgé%’ﬁfglelégbg’lant Cell
14: 245312117% EQ@)GAaRﬁe@%ﬁ aﬁ&\tﬁ 18R -Gehé 19@&9143553?1992}3 Q‘ﬁ“b)l (Walker et

( Cushi ng ant a.
al, Plgm/@dglleme?u?:sm 13999),@?11 (S_asasserm al 2@@@ Deuelcﬁ 138014 2002),

et St Cedol abiss: B2 0088 Oy Tba it hingf s S

Botanﬁ'SO 15’3@-‘1‘14’5& b$9)p2or86Rrs3 7mer8'8@ﬁémﬁcTﬁ&ﬁlo(eNeﬁ'bmehorﬁicots include
Plant Cell 14:2463-2479, 2002) A- RZf S(é(' ou and Ta
r

Globugignlnao@icsbPostys-Haayemy, Plantdlok Rialids2392Hy 1999 eodk (Plant,

s G 155745 g} 08 By e g o

Peroxiredok@b@et B (HasldCB @) ¢l., dﬁdnt@dal Bid. %‘8%%845( l.998),e&1a@k,as dtal,

o A8 s 90 A 2, I 0 o

SADﬂigéyseumsﬁeda BPSt, MaAias $:599-3k qr999)l\@&m@agle5( and Zea Maize
271 1999) A eosin (P ant, Pl ant

Hybrig Srd@@r@b@rotq199mqmouez@c(a¢39-lisﬁa@ml avml., PlanoCell 241342123@29@2 Jose-
r ri) (Haslekas et al, Plant
EStant %éé 126%%?560?‘{:998) Hasl ekas et aI Pl ant

Bi oI 53:313-326, 2003), HVGAMYB (D az et al
l0112b| é’ﬁ@mgterszﬁ seeshsiorage Prots) drg Al smm@rlérde@r%taw% ggrage

protelﬁ%al z E P_ﬁ%‘é@n’c ép 1059493 0P f&ﬂ%eedﬂj‘@%@e)n f'R 5ﬂt§ YThéMd $Rage

rol'ine rich tern pr ters
proteifis) meh'ﬁlyae‘gu]ﬂtedaﬂaemlg expieaset] alladdt exclddiGelt ABseed V@2 highly tissue-

ose- Estan etal , Cene 356:146-152, 2005). [01
specifs; G HABSSPER gg@éﬁﬂ%@%@ b sk Bleaf Bt $5:t5221,
1984; R&J1&b 4 LAY, (BI/S6Q9Y- 139, 55885 RIGPSABE different seed storage proteins

may be expressed at different stages of seed development. Expression of seed-specific genes

has been studied in great detail (see reviews by Goldberg et al., supra, and Higgins et al.,
supra). Examples of seed-specific promoters include LFAH12 of Arabidopsis and other

plants, and the 5' regulatory regions of an Arabidopsis oleosin gene as described in United
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proteins can represent up to 90% of total seed protein
in many plants. The seed storage proteins are strictly
w0 eabatsed, bei ng expressed al nost excl usi vel yPEHUSHOE629349
in a highly tissuespecific and stage-specific manner
(Hig% ns _etal, Ann. Rev. Plant Physiol 35:191-221,
States| Bajont S 36 e Thpmag et ate(mcoweraieﬁglnm@nﬁmby reference), which

e Ll R LN T,
compl:'enmntmjs tocnnative phad goims dirédt ex@ressim dfabe heelopbiadbd@d ok N

reat detail {see_reviews by CGol dberg et al, supra,
complgmentary saapencein giplang seeda) . Exanpl es of seed- specific

pronmoters include LFAH 2 of Arabidopsis and ot her
[0113p! eHuitebleaend stidragdproteiy prontatery forelicovyisdanboueplants include, for

o S ) el o B o
al PFd?:t N&ﬁWcaQYS& elfJS'CeF R9S300.48b4 *19@51%@%? aokry Pl e érzBI

i ther the coding sequence df “a 'heterol ogous gene 0
11: 715@@9,919& Voelistateht EMBQ $ 6357443578, 1983)) traygseed, (Clhala)atapin

prom§ g@@agéeotn%ozht he h roltq%ﬁ#%gg?%ﬁog | e é]}[llgr é@)e

congl?élﬁlh?irém&bf&r(@l@ﬁ 8t ézo WIB@ 9t 7:beri9nnunse) mrsﬁn el W5 Cell
or exa bean b- phaseol|n eltin,

-1:313p1¢t BN @i?f‘?ﬁ,lfl@ﬂ(ﬁﬁﬁt]e‘ﬂg %ﬁeh@&ﬂ;t&a@p@uénEMw £H4;3047-
253
3053 I_]{g??)ﬁadlﬁte%n le’?ﬁﬁgﬁm ﬁ%‘ ( %al é Of\]%?ig%aé} %g’g éISA 83:8240-

8244 \I98b)s ecrybean Khmtﬂ\/ﬁ@m] mhﬁnta'éﬁrbnﬁﬁ&lpe&mau et AP PERL Bell 1:1095-
égg ﬁ};@ api njgprom) _5 Theor.. Appl .
1109, dg@pdtofvfay-cp ab, gu? C@!ébé? 9- %Q%’Jb é%&?)gmt@tp @pigtia pepmoter (Rocha-

S SRR 21299007 4, S )00yl 3750 i
al. MHéIGinaGGt@.IZSQHI%FﬁWCkMI Netvbigid 2/, , P22y 1 Bedaihg 7021 090;

b0 L 3BT st R oY D S BAS 215525

331, 1889 and SB&k poRYGREMIKWRbhétet (HARSH: b)) fyszhthBz mbp rmts% 604,
(Perez Gau et al, Plant Cell 1:1095- 11009,

1990)jof uku et al, Plant Cell 1:1079-1093, 1989): pot ato
patatin prormter (Rocha- Sosa et al, EMBO J. 8:23-29,

[0114] O &Fay mope@atylecﬂhnoms blaﬁts wed istordpe p@(btém| 2eubiets lﬂéfm[fm t8E Practice

erl .e et GCen. Cenet. 259:148-157, 199
of theypyggfien fpekyde, e@ m%@ew@pm@rs §91%mthmneggwlsf@tfﬁw 7:1249-
t i ol 9 {
1255, Ffb@@ H(%ﬁié?} %Sd? 2%@#3% 28@%%1%53212385%7 <§%§f By kgzé}{l mM% 18 kD
oleosmmmtmtmr(ipp otwh,dtro¢.Héttl diead. &ci. AISA FI8A1B1MIBS B|99I1), waxy

4- 595-.604 199 For nonoc | edonous
promeli, NP LR ORI s RO hBr B e g aheh PP RG  Ses flgtn
promaér bireeyl HoY@Hh bRmdtaqMEEs ezealgPlaﬁ?fMo?z’eBzéﬁ'lo 399-‘36@t1@'8§) RP5
(Schernt haner et al, ENMBO J. 1249- 1255,

(Su etHéf {-Adentethyeiol 16RB4T-2546200%% m@md 219gize pmoz@rs iMaxltard et

o, PR T 2 g DB R 0P 8 o B

States Patent No. 5,650,558; Colot et al., EMBO J. 6:3559-3564, 1987).

[0115]  Also suitable for practice of the present invention are promoters of genes for B.
napus isocitratelyase and malate synthase (Comai et al., Plant Cell 1:293-300, 1989); delta-9
desaturase from safflower (Thompson et al., Proc. Natl. Acad. Sci. USA 88:2578-2582, 1991)
and castor (Shanklin et al., Proc. Natl. Acad. Sci. USA 88:2510-2514, 1991); acyl carrier
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pronoter; shrunken- 1 pronoter; globulin 1 pronoter;
shrunken-2 pronoter; rice glutelin pronoter; barley

wherdeiaipronoter (Marris et al, Plant Ml . Bi BCT/US2006/029349
10: 359- 366, 1988); RP5 (Su et al, J. Plant Physiol.

158: 247- 254, 2001) EBEl and .2 maize pronoters
proteioiad R fiepre trahidopsisARestgsittanmeller &b gl gl gt &aaoléa 1EHYel 1989),

e e TR T e
Nucl 1883ds) Res| T8t 18]7, M&R); BUbtoadl-A Cosyntictat fiom lﬁfrlepm&ggaard-Andersen
present _invention are r ormt ers of %enes for

ot al. {Rroe: NithrAengosos WS oval oAl L8y Ao aissd olonin fresm Zan mays (Lo e

g s VR, ) G BB R AL

X60798) AAA7B-12pA(Led 984]), Rt Rigsiob06{ $H60397, 0981). al , Pr oc.
Nat| Acad. ScL USA 88: 2510- 2514, 1991) acyl

0 ar - .

[ 1163 Poﬂs)ﬂl_%f ﬁogéﬁy sfeﬁﬁ' }§er ﬂ?ﬁ@t@éwg?ﬂfez goﬁl:z eérse ownlo ose of skill in

the arlQB@))“eovﬁr knqwu me(.‘l&dfs fcan be ated 40 1soE1ter addition8} prometears suitable for

use 11}\ﬁ:gpr 7 29@1‘1 g@g@r 8s)f%t u}wi@;mniggr%)%t Iielka{fﬁa ?,I?ﬂ%l %t@emng techniques

can b8 Y88 id%fe hfoRibtes 6&%’)&33@&5'&%@&“’1@ %Mﬁgﬁ%ﬂtaﬂttm%s; sudh Q€ during
Nat|. Acad. ScL USA 88:41 14-41 18, 1991); "and ol eosin

fruit dqvelopment. mays (Lee et al., Proc. Natl. Acad. Sd. USA
88:6181-6185, 1991), soybean (Genbank Accessi on No.

[0117X6 OPréthbteaolf seed sypidifico de@ies Gerably lifdtedd hEtoposdgus coding sequences

i 96: 1395-1397, 1991). [0116] O her pronoters useful

in chiygic gene ?qr@@ma? alep majrigia Sheioismpeel pacbinatial expressian mttem in

trans%:egdc! platd ﬁltﬂ:% eM?ch%&éq{se ok RO udlﬁ ffcgz%]n& 98 <BeFsti3Fprotein

ate a onal  pronoters s or use In
gene pucoumtci‘etn cxeprmstdnkeﬂ]mlm pestales in Axdidopsin and=Br n@ma spdde,

(Vant?j STC (S\petﬁlz%m 2@6)@@@28@;5@%&1 33@8&?3}? lgctllrjlsa% begn B-phaseolin

rom&1eRMS leRPERI Tudifdradel RP%S SHC PIa% J 6B 149-37, ¥049), and wheat gluteni
P devel opnent. Oll#] grmters of seed specific gvénegsg .

promefsisrtaskRress qhﬂ@@lmpbem@xl asayldoairase (Folot @ oquemeds in
chinmeric gene constructs also maintain their tenporal
[01183ndAgining die muprdewl ofiexpaéssiphivfithe ducRisgadiragpéanbhthe

Such exanpl es include use of Arabidopsis thaliana 2S
mven%%Hlagﬁequargéﬁepvsﬁtoef.dﬁfg%wéhwweées yteizneqlifigrent promoters. Such

himGKERBALdnbRBRbIHES itd haNt @,ceﬁtsb g&ﬂ SRR

ehm Vandekerckehoveeet al, &gg’)illzec noﬁsto y Q}ﬁ%fg 2&,})&)(le ffon vector

Orsemmllylbmnbmdhmmn@cbean b- phaseolin pronoters to
express luciferase (Riggs et al, Plant Sd. 63:47-57,

[0119} 988)additiog, oMAGRIerHTE Gﬂb@rdaﬁﬁémbﬁ[&pﬂlpto §Xd2ER8 Bxpression of the
chl oran‘phem col acetyl transferase (Col ot etal,

gene afithe g)ventllqgr_[ 1igp negessarithe thesaeel poege be preyaiily tinked to the sequence
that efiédde§ d%gire(?if rhids MG ltlfa% ﬁleq‘%%lﬂ %Ffd&%%ti %ri%fog%g% Eéahancers or

I nven onma require e us
enhargenbise ¢lembitg irag bélefth&fthﬂhatbfemhml@lc nbtleft il ﬁ@gménts This

s, can b_e transferred_ into host plants eith
woul § iR &M%} RbncsTs IRk cikgh Bual Gniboass DrometoClsthet paiignt Mol
Biol. P@Q@ﬁz‘?@,ﬁ@séi} 8hhaAB& s ¥ohd Bk opine genes (Fromm ef al., Plant Cell 1:977-

984, 1989), or enhancers from any other source that result in increased transcription when

placed into a promoter operably linked to the nucleic acid fragment of the invention. For

example, a construct may include the CaMV 35S promoter with dual transcriptional enhancer

40



10

15

20

25

30

[0119] In addition, enhancers are often required or
hel pful to increase expression of the gene of the
WO pwentddon. |t is necessary that these el enent BCDHES2006/029349
operably linked to the sequence that encodes the
esired proteins and that the regulatory el enents are

linkeg pethgdiobacce diteh Vs (53 V)eh nerizanslafaddeadsr. e TRV deadloracts as a

&mSI$E6ﬁb?@nﬁ#geﬂ8§+éé§asg%eca'd@f’&f;ﬁgéﬁl I%é{je acid fragments.

'S Wou i nc e vir Cers ¢h as that found

i.n the, 35S pronoter (Ode|ll et al, Plant Ml Biol
[0120] . %@b omptes glemegts#ich a5 those depetibasl hegeinecagba dised to the

. al. 2 Q77 . .
TR fod siilbos b odichletemifhor 58 Hopnlion region)
accorilingrte st dstabhsted prgxeiwme. when pl aced into a pronoter
operably linked to the nucleic acid fragnent of the
TrandeB¥8Pldn@n. For exanple, a construct may include the
35S pronmoter with dual transcriptiona

Caw
T RN T G - R
CKI tkdr8péileairé prodide@N NS4 Mlantd ek Sosthd NMauARPORT {)é’lfyp%pl’jléiﬁ can be

_protein nmade. [0120] Suitable pronoter el enen
obtained, fo5 e3emplesly transéerting e transgenin VBeof (esch plasmiider viralavector)

K] . el i d.sequen d. a,,.Sui,t abl e term nafor.
encodtid MBI boRERIFINCIER. 3TPichs WA YR T BleShisy the
vectopilee idlides a Selactalge Magkdrigany such @4, 21d , thené@n@fdiephaapRfdnsferase

resent jnvention, t(ansgenlc pl ant’s i ng

th '
I (+p 5P fhooghaE TepigiaaefadantRy it ot hejaast wnmrg@%ﬁgg {@f s

i t . i . i
cons B R U B DL 0 BB e
that iy themy transfopiedsinfodd grobaciteralm setfioieys entaining@ helver TispaRhid as

deserfba KRR o o Roflee Bpi b} Rosobnbd orstndietiaioals
contaifRigiBE t@RPRNE Y6dlorade irRubhted WIIE 16A€ OITB4E bPthe plant to be transformed as

hosphotransferase Il (nptll) gene encodi ng resistance
descripe ki ey 61 (Plaph BhyssalogiSaind ted 9. Gfeplsertiooykass, Plant Mol

, . ' ' ar loni t t
iol. {3:30% 596, I950f CroaerREh SECRYe B Bub Bl by
acconigiiished theovgphotgreblidiarivm Agiifabres, @k dendtibethaosei €0Bures of host cells

containing, a_helper Ti-plasmd as described in .
that A SRR hetedh ccll eRGTane barbem ATy Sy transjgrmyed usigg the calcium

) | co 9 ) ec
phos are | ncu(%glt egE W tylh&fégg‘gagﬂajges o? le‘%lhgﬁig)?‘%%trﬁ f%‘%bieﬁg) and
modifigdzassiesribed imsectiont16.3%:86.8Y oPABarsbroak et diRk@muz. However, other

Phwsi.ol ogy.81:3Q01- 305,, 1986). ee 0 Hooyk , .
methady 5Bl DA 50 Sasderk ol UaRaL lr.sretlopio!
4:1172.Ul984Y, o tBplagitfusles [Sdhetthet, ProcNNEMBAdaY. $16.C0sPY 78168 1930),

t hrough Agrobacteriumtum faci ens, as descri bed above.

electroppratipndNegmanp ¢t alo d OBZ EMRQ J. ds8Het 9Fyandrdirgcmizedihjection into

. ' | f d [ th
e ESTE OG0 T AR ST R s o
selectéd tbauphethe sdlectdbie matleghy BRdwidSthe kBSin nrkdimdidntatingSe.g.,

described in sections 16.32-16.37 of Sanbrook et al,
kanang{gm and anprepgiste ampquids of a phytohormone such as naphthalene acetic acid and

benzyladenine for callus and shoot induction. The plant cells can then be regenerated and the

resulting plants transferred to soil using techniques well known to those skilled in the art.

[0122] In addition to the methods described above, a large number of methods are known

in the art for transferring cloned DNA into a wide variety of plant species, including
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nmet hods for introducing DNA into cells such as
Pol ybrene (Kawai et al, M. Cell. Biol 4:1172, 1984),
wee@ropd3ast fusion (Schafnmer, Proc. Natl. AcadPCBUS20036#29349
77:2163, 1980), el ectroporation (Neunmann et al, 1982
EMBO J. 1:841, 1982), and direct mcroinjection into
gymnn&nctms, a(lg:aﬁm:mm moﬂb@bts apgd dtt:@@ (5€2989) Mesiroda lirs Bldme Midetlar

siologe R A afpRah o o ity FoRb Bl g 808 Wl o 1ol

Biol. $99320%17,1994;808 Kon'féﬁél'w CCHr%@ﬁﬂBh@PIahﬂBﬁ;l 31”P6’101§5 9598
a phytohorrmne such as napht hal éne acetic acid

(genetsd mwmdm@étra oralc Eldmy Moérwols h&d9, 192 @nd Bmasﬂﬁxe et al., Plant

Mol ol 1o 5453, PR g o R OTRRRE el ol ot GieL Bidlto 455-

490, 1t9‘92t(ﬂi*é1f§;ﬁ)rﬁ1|atlbﬁ QﬂBﬁa@szE&)eH?di%t all, Plé . S27Rde tioon. HRi tha.,
net hods descri bed above Iar e nunmber of nethods are

Plant Madwiiol. 351298-24 81 1993 Chmaﬁg&fl ePMnh@,(’Oé IBigle 22 ARIAS0Gt1893; U.S.
Pateni"Ngse 5531688 Y $B4 38Y (FRGELEH gp&tfb%g,;%gld §y%8@§fc}§g§,gss 362

petns, nbhoco

(wheat traﬁ%lfmtaubh) 6;%19&11 3 @n@h@@y tréﬁfdnﬁianam)d 5 1780;793 oreds.
ress, Boca ); Vasi | Pl ant Mbl .,

transtggmagtiony éa%é’sUQ@?d 5 féé&Sl aaorasiitns fogpatign). Remers@ﬁ%‘uve
B AR08 0 B399 OBBRER s oo,

Sciendm:Z(MFRD7Bﬂ% BataspMethodd MoP\Baalt 1 N3 59-B36011999; D'Halluin et al.,

Methaﬁ% A%% 2 %’1 MJ_}?,? J.’@& ,019%8 {‘;Iog %gten%@%f %]glg;ﬁ? )treagnergaf ! %protoplasts

ith k SR SPldmpMolddhBl Blod 13: Bhafm 4989; Datta et
W ﬂé’?}geg%gzsfi 1004 Hei et al. Pl ant Nboé%) aae

al. Mg@od@é{ok ﬁol id 9'335-@&&;11 9@9}3|and pPombardmisnt (B‘ cglls with DNA laden

1993, U. ) 668 an .
microffojéiites 2R fRin S pragie Dot S1Mad 0, 1959 KRR 2P, Sgiance
240: 1534955883698&,\1&@&&@‘ @Al?l@ﬁtﬂiﬁ&ll B). 25959881 2194 B@fb@IbQit al., Plant
transformati gn) %orntransformatl

J. 5 5%3 9% 1996 Vasd %aéﬂ%eflrsds ikf% Erdal 11 348nio8e P50 Célﬁ)?tou Plant Mol.

Biol. %Péﬁé@!‘tl%'}'\ﬁn }?HP'&%'TJ; '%obzol Tpmaupol. 240:59-80, 1999).
el'ectroporatiion-faci’litate upt ake Gy protoplasts

Addit{oRhldy] edané tramdfornation nrategidOakitdelRitiies be3SyieBed &sBirch, 4nn Rev

P Y5 0 N i 0 i B UL . e

variatfond hfhké Bhbke tebRiRAS S8 ¥pplitatils QL LBbAPLafgd\bt ﬁlaﬁ%b&(ﬁéé"y | ene
gl ycol (Lyznik et al, Plant Mol ecul ar Biol ogy

s e 08y o B S HB  Ghpsste

methddasfehoite. CHOWE Rirembndcoss Sulsh a4 matlzb ain alEii btfltrarﬂﬁ)fﬁiemby using
91:440- 444, 1989; Boynton_ et a Sci
Agrobz&@”wwnf@@aﬂq’gm Oﬂ‘é@fi desgiibediin &imtecbﬁms Botant 55044016 to

9 L,
I e
embryb@8fic s@pestiauculresnyitivio anBemsllon&ﬁ‘ fibes-(208w/v] 887t SCGi9nwliiskers)

tal . ) . 240:59- 80, ,1999) .
and pIR R DIA g TR 2B RG] She i DB ) QUL Sabiple head
on 2 VRRRTAUST vofS fuier Ss\ﬁéhﬁﬂ% IRIsEibs, 106N BBR¥m Al R U3Wor

Pl ant Mbl Bi ol 48:297, 1997; Forester et al Ex

horizonggllydn thecholder 38 2 Migomat dented |ama1 gam mixer (Degussa Canada Ltd.,

Burlington, Ontario, Canada). Transformation is then carried out by mixing at full speed for

60 seconds (for example with a Vortex Genie II) or shaking at fixed speed for 1 second

(Mixomat). This process results in the production of cell populations out of which stable
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vari ati ons make these technol ogies applicable to

abroad range of plant species. [0123] In the case of
worenweooi31d r ansf or mati on, particl e bonbardment P&I/US2006/029349

typically the nethod of choi ce. However, nonocots such

I transf ormed by
transf%&?%%é%eﬁqaﬁ%kﬁacﬁﬁg r?i%% Fratoesrrraed ﬁr@astlfla§tagb/§mmed palluses

and 8 s S OB o e Poueerkt P Bt iy o be
transgamon Theiprimsipakbidvanthpesrof drdapprgel ae 1&wﬁﬁ,dmﬁtycdmdeHva§teEM1ke
th a spensi on of flbers(§5%w ar SC-9
‘i‘j‘ nEKRSIYEGHFQUIPRERL pnd sypphey are aﬁforeqmmdn The uspeh

whlsl&ksai%? ﬁleeﬁatng'i%hn%d &?ﬂaﬂt BelR, é@ﬂ(&dlﬁjl %ijg ?n% gd af f(ﬁ' example,

Vortex Cenie Il ex m xe Sci
Unitefl States et 91494, 7I6iS’to Osfpe @wl.hor i zont aI ly in the hoI der
of a M xomat dental amal gam m xer (Degussa Canada

[0124t dTnitddSthtbNDAOR. 5 %t@@t@Daﬂ:@ﬂ?ld@scnﬂ_és '}ggxiaﬂﬁoﬁﬁing and

then carried out by mxing at full spee
regenerating srybean rU@MﬁﬁB@S Ritett 506016 ée( Hallret el. Ide)scrdres transformation

e A g VL

whi ch st abl etransformants can be sel ect ed.

[0125ﬂ>| aﬁ?gh of fhe abaytansiarmation anigues é@amxsantagemfdcmmuantages In

G0 SRR 3 VL REH, LRI GBI conin

not ortly shmn bEinteFbat, l:prtlalso |s¢16dtalﬂeimah§oa@ﬁsblefmatrm g@ﬂw QQ§dlectable
are its cjt Wcot. Unli ke particle

mark gfe s aahD lsshonty Hpg e inirgralemieo! dieplusnid (the

conshh@%ﬁ #Qfch thRemy $enddr ﬂi‘@feakﬁﬁsthg Qliectddfe i %?Jeﬁ% ké&g are

(fl ant cells, "particularly maize, is escrl
transfem Wenphe Thwmrpgmb@m@prom@mm&rzcﬁqumﬁthecsueméfeb

41 .,Uni t ed ates Patent, 5,968,830 to Dan et

culm@goalg lsslt%% ‘:’Ieﬂf‘rﬁ?r%ﬂ%ﬁ’gfg RS LG ng and regenerating
ﬁge(f\ nlted States Patent 5,969,215 to Hall et al.

0126} desditiann ﬂgmﬁ@rlﬂmtra@ﬁfomﬁm \whagntfbmthme@atammlectable

market6§e g{ﬁ&?%% PE Hé’é%ﬁhﬁcsﬁgslgg leaaZS - n%lt§ Egsesaﬁ%due risk-of

spreading inibigtie solbrasceatd\ram Agas] lnthndi Sachvanibigiesnarkérs eache

. . 0f the techniques, DNA from a asmd is genetically

ctimisiec i bRy IHTS foaiteso e LS Hatohomey HoHeclues Sl to

those HékcAb&BHh, Uitéd SMiePP s8]t 8CHBaRNE tAREmA £ kb BB 6ktance
genes. A selectable marker gene is used to select only

issuesicap gkso be leffactivielt avieided biyrithecepe af éar orypit esding seduengss asuch ds is
L R T P e U LT -

second pmneaﬁeasrr ;&Iﬂy;&ph&estiﬁlub])tmg bhaerlicRaaid ftigh A€ gREMAYin6 Sfnthetase
ther check for the successful culturing of only

“ﬂnbltoﬁ g%@%‘éﬁﬂp&lomwmn {ghefogjesterands glutapiante @tnmqrmra@}ﬂt (Basta,
Ignite)l F @di tional Agrobacteriumtransformation with
ant i bi ot| c reS| stance sel ectable markers is

hecause of |ic opposition that such
01275 The B plas i Sonatiaa qae P mRla thesp gaRfsAyInMAEicd nte either plant
proto;ﬂé%tsedr%aﬁﬁ‘s dels @9 Il b Bt PEbvitRB Hent e el isO i fhe marker gene

mar kers can
is a selectable gene, only those cells that have incorporated the DNA package survive under

selection with the appropriate phytotoxic agent. Once the appropriate cells are identified and
propagated, plants are regenerated. Progeny from the transformed plants must be tested to

insure that the DNA package has been successfully integrated into the plant genome.
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elimnated fromplants by transform ng plants using
t he Agrobacteriumtechniques simlar to those
waelewenidsed in United States Patent 5,731,179 tPRCHEUSHNG/029349
et al. Antibiotic resistance issues can al so be
effectively avoided by the use of bar oxpat coding
[0128§ e glherears numexois fstars thabinflbpnssdhe sucesss pﬁgalﬁtfmion. The design

P 5 2,135, T ker |
and of R Ro R bl e aom S5 TR 1 ble it MR i e e
integraBoR 6£the ékd@néﬁses_eq;]lfénic@ tht®the@httnssbmal BXA 6ethe pRint nucleus and
i nhi bi tor herbicides phosggl not hri cin (lgl uf osi nat e)

the ability of thertepnpgrie do horprniessed Bathe celBadtsyitablg method for di@dpcing the

h ] Nt ah ni en IS,
exouehitfs By A oEE AR U S Rlenl Bl EnthichoP BoRgF Bbfiia
Impogitlys thetyprof cell iritb evhiithethe GeiStricti®tdodined gyt 10 ivloRSlants are

If the marker gene is a sel ectable gene, only those

to be gespyaged, hgof i ixne Whiehvis sereaele ta tegenorgiiogagin ey an appropiate

tion wth the appropriate phytotoxic agent.
regen%ggﬁ?ﬁgdcggprop” ate cells are identified and

0 ated, plants are regenerated. Progeny fromthe

Mﬁ%rmd pl ants nust be tested to insure that the

DNA package has been successfully integrated into the
[0129)| dntacepadence With ba6theTispea ofithe presertrioventioactad divisivatin a plant

.1 nf nce the succe f transforpation...The design
cel i ot Rt drEtr P AL LR ApeLS R nETatigts i agerease of
cell divigiorl @ihd At @icyhodls QBRAbLEd hétbinlae pRint BlsithiteEpREd #Wilditype CKI
t he exogenous sequence into the chronosonmal DNA of the

polypgptidethaping sepasaty syclinrnd {GPK ibinding regiqas.t Gaperglin dhe metheds

. .t ' : .

o OSSERE Lo Oyt S Gy TR i, o
allowjrgethé¢ maaht CRil pblypeptide tainhibit wWitdogle CRlbielogical activity within the

essential . | rtantly, . the type of cell .into ich .
plant 6L “Hsraptani Kl olypep Bifcraretrs ion p regegbanagf s ad
encodis 8 nfR&R }éﬁftﬁﬂg FREL&T ineftiR @M lfmkkntsS tHRTRORDY Birtr includes

. re.ger]er ati on, gl ven an a_ppr opri at e regener ation
introdueing diato the antiveld sheoecangleinfing hRdkiclanidzancodidg teemuianhCKI

anot h aspect, of . the.present inveniion,,cell.di.vision
potypffile" Keg PGl it P iine i EPCIR B iyRpiaeS g Rpng
constelidsofseE fdeb@birantmelebdtd &1l théid Glfrodbctih ihidcsl @awellfare
cell division using the nmethods descri bed herein,

descrifpd, gencgadly)sypran and @R dindlacs exerpplifindip the Examples, g’rp‘%tl}/fgéflaﬁon of

C . [ I .
oo of AT RRRAE R NEL Yt oK 0,0 B0 ST hriabove
with reéeent todehégeaicmidmnt Alfknativel w plepmettied am bepafarined in a plant cell
.. herein, and allow ng the mutant CKI polypeptide to
mVironhi bit wild-type CKI biological activity within the
plant cell. The nmutant CKI pol ypeptide is expressed
[0130f r o) deserged isieizabove dld BiranbCKpelppepdida gndides m@amino acid

rotein. Further, i.n certain enbodinment the nethod,..
seauefePafa g oAb BandiBr e Rl TR e Rt o0 Bplgip awin
respedt@s HEhRGY fol i daiation 6f eelPdi¢iidn e éTBrefitd @RI p&l§beptide can be
either the wild-type plant CKI polypeptide expressed within the plant cell in which

modulation of cell division is to be carried out (typically the endogenous wild-type CKI).
Alternatively, because use of a mutant CKI protein as described herein can allow for
dominant negative antagonist activity against structural homologues or family members of

the wild-type CKI from which the mutant is derived, the reference CKI polypeptide can be a
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pol ypepti de. Reconbi nant nucl ei ¢ aci ds encodi ng mnut ant
CKlI pol ypeptides, including construction of such

w0 e@onbi3mant nol ecul es and their introduction PEI/US2006/029349
plant cells, are described generally supra, and are

e e o S B ek b S e it e
plant @6l BRY whith4! ¥ bl% B¢ ro@fdﬂ%ﬁﬁa@ﬂaﬂf?%mﬁaﬁ@? %Ylﬁ—tﬁ%é Rinction.

respect to tr nsgeni ¢
Thusmmhm@ cems, ebmu’paat EBi pmedam, motdeivadtfronethe dnﬂog/dnbﬁ@CKI protein, is

30. %g@g rej nabove, _fhe nmutant CKI
CXPIeS S AR Rl B0 CRdQE e e Cafeton (o san
CKI @1@@@8& dsmaedrﬂaﬂhh b GRIDE s s Fhbiahnl %faﬂtgg @ﬁmgﬂf aﬁﬁe used to

eptide. Wth respect to the net
lnhlbléiwl e §iRP ’neivn in hen-hdﬁmﬂcmwe pl’ﬁl{t cqlisIsy¢iegt f(ﬁ‘&xmplebBrasszca

her t he ti de expressed
napufy e ua Wiz oot B By OlneP BertiRions mpfab Gl potypeptides
derivet ftblﬁldﬂlﬁbr ipfants) sl a6 BrdslsRH nﬁ}a‘&s by BleGfke] dantdld be used.
endogenous wi | d-type CKl). Al fernativel y, because use

f d d h
o o PR G e
mmultﬁnemrslymhiblﬂad) mi)ﬂhﬁmlﬁSntQ:bll fogif} |a)tm[f§rml§(§oﬁﬁe pfe8ent invention. For
I fromwhich the nutant is derived, the
exanply 550 EmBRpimsi Bl prdagenadis e vt & fryibe oy KRB Family
mem léfée:ﬂﬁl'uﬁﬁléaﬁély LRARA u%s:;n% e#b%o?%a re}x?m‘(i: e eC]?é}govﬁw ag,desgribed

pol ypefgt I de exp esse Wi t
herelmdbgm r ddmipanhiegating antalgemamm&lty withistiehedlthomologues or

feitf Rt VRS I i R Hmh udercrd, heroblgwing for

h SiBuRNROESHBIbiNG e '
e LA P o S A

embo@g}epi;ﬁea Phydiy ah(and arsiferablyial) €K3s havieg sibstntial rseqdéﬁéb identity or
PSR GPI BB A Bk Yol BT AL o
For exBrgpde iitc eertmpetﬁbodﬁny'ms e KX fand¥Bi d6mB &k kBard B@bsﬁeﬁ‘lﬁal sequence

S e s e
cyclintMBKI KikRe a@@ﬂ%yah Eglraﬁg}/ ﬁf’ gﬂd gle@e?r%lglg laﬁ u&{cﬂg&%ogﬁ W a&*ys

enbodi nents o 'ty o
membgysavighingplanh edLisrk ynhlbl‘mdbma; eq:rwsiohlaf aanythi@tKRE €IKIT su9k RO
| of the present invention. For exanple, in
modul%te'@él%ﬂ%% rrents all endogenous CKIs within a famly
(e.g., KRP fam |y nenbers) are sinultaneously

[0132] nh!sme&@ﬂ)ed%oxﬁzoﬁfgff&ﬁ‘?& bl gff%%té’i'lﬁb &igls B &)%tgmg%rom

descri bed herein all ows neg a
inhibiting gl EIK aetivitiest 961W1t/ﬂs1on veithin atplanabelhxs nmidmgaﬂas Qach

modull ) 1 IBLRERBr i b Fnlieonign Hivoa o b e, lumatty,

increasidrogillanpoliferativai bldcbﬁl'ihgl?i Iﬁiﬂhgtth@ﬂn%ﬂBQMt ?&‘ti?ﬁergﬁl in vivo (e.g.
menbers, Thus, in typical enbodinents, . ’

transggpglpigpﬁst %ﬁeéﬂp’(a&r?@ lmr@ersg imerop yislds) alﬁmr§e¢lhmzm glcreased plant
§id 1t r | t wi.thin the

vigor, B R Ao P S EAER, e g BB Gon B a9l t e
within a plant cell.

[0133] Increased crop yield can manifest itself in a variety of forms depending on the

specific plant tissue and plant species in which the plant cell cycle has been modulated by

blocking endogenous CKI proteins from inhibiting cyclin/CDK activities.
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For exanple, in certain enbodinments, as KRP famly
menbers share substantial sequence identity within the
WEDH7163dd ng region, which is primarily responBthiUs200€029349
i nhibition of cyclin-CDK kinase activity, a plurality
of, and preferably all, endogenous KRP fam |y nenbers
[0134)i tlnispedecrppsestich se¢drn.aias, Wheattharley, spiybeany panebss insmeaséd yicld can

t KRP CK t dul at lJ .division. [0132
ke (R of A 00 85 PR Pl 5550 s PP B sy
numbeKind¥etd §izé) In bhd®embatimbnt, indfbasaac)iélnis-b¥aimed irVirhds@énic varieties

cell division within a pfant cell is nodul ated. Such

of anyrefithe sedsronsibyl expressing & dnrsgans encodingsragteaiKbprotein resulting in

increqsdf SetPRvisINR o idcr €46 forft et At bBensechi O B forpanad soed

numbgLind REd §z4) 8 ehdlerhBodim¥st, &8réssiontoTdRsgannCCRI pritéin tafshene is
supra), an_ increase in crotf1 yi el ds and/or, seed si ze,
contrplirdrby-pseoastintiva promgisr. Injapetheteremplay embadisnent, expressieriof the

r : .
mutafi K prBlcE SR ool A s R B E Lok Griipg g offet of
the mafanf OKirprotkem enidle sgedovhit s thoegronemicpllpirhpdrians cempon@nt of a seed
pl ant species in which the plant cell cycle has been
CroP- npdul at ed by bl ocki ng endogenous CKI proteins from
inhibiting cyclin/CDK activities.[0134] In seed crops

[01357 Yo dfs& chops kh&eas SWRh, caldlal S¥mel QY88 RornC 81RbRer, or
increased yi éld can take the form of 1ncreased total

sunflewerdandith bke, where the dexdred peatlust s@]l, imcrdasadhyield dakes dhedform of

seed .nunmber, and..seed. si,ze. lLn one e di , .
ereatqt SO BE T iR E0G R P R Fo BB, b g cpmbodigpent,
increx8y ol fyieldie obREEdGH GRBsgbiic RUNERS DI Afly af the dilS@Aeops by expressing
encoding . a mutant CKI protein resulting_ in increased
a tranggane egeagding aymuigaHCKh proseis eapsing igpreased e divpden lopding &o

increegs@@ thial sQ%i R, iRGERRT %&bﬁ%gs?ze{,‘ EP@(% i@c?é’asﬁ?éi&%ﬁ%er Ay

ne enbodi nent, expressi o e nut ant rotern
embrya sins Gemensedtotad seadaiuneér byr art oessits inincreesqdrtoraboid yield per

ot her, exenpl. ar odi nent,, expressi on of .the ant .
plant GRReSE0 CEP YA A EISOE AL CORPRPeD o0 DR LRETEsE ool
yield eIt EIn Al RE@ALH BALbAMERE, bfSbssitin dfBe MtAR CKPHkotein transgene is
protein to the seed which i's the agronom cal |

controligddrtagrembsymprnsiiv promoter givang inerspsed[ool I5jisipn ¥n entlyseenyo

a e c | i fl COrN,

deveiGhRBR sSilhed « SR HheyS M el P bR b e 0
correspeading thopeaeeliicibtal &il 9idld pérptareased yi el d takes the form

of greater oil yield per plant. Gl is derived from

he enbryo.in the seed.. I n one enbodi ment, j ncreased
(01364 ﬁ‘l%‘%qeé%i%méﬁ)?%ﬂdﬁ%tb"q i themana gl eorpmanest PeYoRY Sugf s alfulfe,
lettucef tobd8o,UubAGSHs, Ghe %%)IQN I5c 468 $leltPinutl &/3pYGBEId be seen in

encodi ng a fut ant protein Causing Increased cell
increasied pwéralh gtoadl phidre plant resnkéing énlenhanedd aeceniulation ef biomass. In one

e P P SRR AP e
cropsbyehthieSsihdla tridp 8RS @odial alm@hdt OKBlBteREausing increased cell

division leading to increased growth and biomass. In one embodiment, expression of the

mutant CKI protein transgene is controlled by a promoter giving constitutive expression of
the mutant CKI protein encoding transgene in most or all the tissues of the plant. In a
preferred embodiment, expression of the mutant CKI protein transgene is controlled by a

tissue-specific promoter targeting expression of the transgene to the agronomically important
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pl ant. Increased enbryo size results in greater oil
content per seed and increased total oil yield per
w@k@niniedkn a preferred enbodi ment, expressi on PET/UR®06/029349
mut ant CKI protein transgene is controlled by an
enbryq-specifi¢c pronpter giving increased cel|
compgpept €f s Pt sueh ﬂ&#ﬁ?ﬁj‘ﬁl BPbiavasRo Grdaqirininig eupplyptus or
poplak & B6fea& A R ISAFAR KL Gidet AUARL 1 LY per seed, and
a corresponding increase in total o'l yield per plant.
[0136] Non-seed bi omass production is the main yield
[01374 o rpugarcet cetifilose ke primbrygacldcdmpbdment bEerbps growndbaprodyction of

R R TR P EC -
sugarE@%t%ihde‘ﬁl tedhsBONERERAPSCHPITAd %apﬁrp@&cgﬁ?%%ps Richage

mbodi ment, i Rncr ease_d bi omass 1s Obtai ne
sugarcangos gegar best dyieapiessingd transgensf enchdingiaometsst G opretelrycausing

. expr ing a.transgene.e di ng_a nut ant | pratein
increS8 GAR ARy BT VP oo e Jore b, and
incre3E@Wtdl sapdd coheABSS Pla_hf] 106 &HBQHINEEN ExpreRSTIhORudht CKI
the mutant CKI protein transgene is controlled by a
proteigrtepgcae iysuganprodueing prons iswenxlinddyss plemstertghengpenstitutive
| I.Ng t ene. i s r t
expreftin, 86 Gl CACL Bkl o AR ALy P TR Shonp Byt gt of he
plant.dx prpesfsirahembodimentetpressiotl thy mtiehCKI piogtds Aandgsne is
control | ed by ti ssue-specific pronoter targeti ng{
contr@f%rbé@asfﬂ%he-mec% rOQIeE FESRENE GXpIsesianyPidhe fpesgeng o the sugar
accl.lrlinimtﬂ{ft ﬁ’égﬁé:gﬂﬁg gﬁtﬂf suldh af 18 c%@ﬂ{(su?hi‘é&éa& th&foot Gffughtbeet
ettuce or tobacco or the trunk T'n eucal yptus or
therelyoiptiasingcélihokifesaiobiandgssvth of thesugdr steragenantdreectmulgton tissue

ti,ssue..[0137] Su r cellylose is . the pri.mary.yield
of the T3 SFEHIEGR MerHar GO aHEeT B9 o AP HSR SO LR dfercasta
cellulb§tCik YBiaft@d i HANsEBMIE ardetds bf RBLLS the BEMlosdProducing crops such as
swi tchgrass. In one enbodi nent, increased sugar is
corn QFFIAICEESS by PXPEATEIgE Aitiensesne endodingof mutent GKI prodein aagising
. . . r J I
inred3 E Rl TR 4ol < B OB R0 o by MRt P Yrtplose
whiclcia asiongonent bé ieed]] ealll Indineéieribodimém Coxpassion 9F thetnutadt CKI
the sugar accu ting tissye of the plant, and
proteipapgarde s %O&Faﬁgi@bapl%mr&‘fmg EpPnsHfuiye exprgssipeof the mutant
CKI 128RRMUHTBMhg XSRS & MBSt Of all iR HLAF ladkt! '?ﬁe&gxs% uent general
) transgene In sugar producing crops is controlle %/ a
incregse lgprolifevdtiog results in inorehsed cell pralistepositio andibersfiraincreased
|, protein caodi ng transgene in nost or all the
fotal c%ﬁglgg%gorg?ntpﬁgwrﬂ‘i’% t. In a preferred enbodi nent,
expression of the nmutant CKI protein transgene is
controll ed by a tissue-ENaMNPILESpronoter targeting
expression of the transgene to the sugar accunul ating
iSs of, the pl.ant sych as _the cane in sugarcane, or
[0138] {58 {igwin XIS e atterdds Ubytrpice et fodfpié) the claimed
invenRbR! i feration and growt h of the sugar storage and
accunul ation tissue of the plant resulting in
i ncreased total sugar content. 1In anot her enbodi nent,
jplecl. ePyred : fton] of ap lactiziernydlii

sroauf@6b 581 oFRY Bhibl, oe! I ul ose producing crops such

H.L8 O3
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corn or swtchgrass by expressing a transgene encodi ng
a nutant CKI protein causing increased cell division
wa@ea7oed3lo wal | synt hesi s thereby increasing theCTUS10061029349
of cellulose which is a conponent of the cell wall. In
one enbodi ment, expression of the nutant CKI protein
Insect edlysmgemeediocs controll ed by a pronoter giving
constitutive expressi on of the nutant CKI protein

nc;l[)ﬁ n rans ne in nost .or all the tissues of the
[013@ ba%nfg &]"(?é‘ﬁ{l Sygfieint veieile seleryeficswstem for heterologous
gene Bﬁ}ﬁjeésfcﬁlr Aty ste (éi?leé &)ﬂ"é&? g:l@ﬁ# a‘}lgs@{g{i? band formation and

deposi tion and t ore |nc ease
othergupowant poSt-ttahda‘mbrmh modiB¢aNGHsER 1] Mbddls Were thiodd oy fige

Bacufq@g’ngﬁx%?‘?él{gs v%{;fgﬁ{ryg%ﬁzt @ggﬁ%}set%gxif nel’ethogg mg;glgal t((])?,DI ]|31rgs<tzlences
Pharrfi@ehy Soh O4GRLCIAL bAKI P19 inadtt L hitfe GYSh faf‘%(%n TNM-FH

Iex an roductlo purificati
1nsechgqllgm;h%§31]) Bg@@ten@esl) fox thewkporet! studied 3 khotivdbe noted that

ARATES €ss m.is a.ver atil
ters 4S8 SR ot B P e i e e st
alterndtiVeSingacs t& ik QUERT B P hﬁ&H‘iFHJF 198 TR WAlINGso work for virus
disul fjide bond formati on and ot her inportant

prodysHen and pateipPdRdionnodi fi cati ons. All methods were
taken fromthe Bacul ovirus expression vector system
We té:’h%?&%lfi%ﬁ manual . (BD Bi osci ences,
& har m ngenmg;g% g%gl%%%sm 6th ed.). Sf9 insect cells
vvere grown at 27Cin TNMFH insect cell nedia (BD
[0140B; oBhwireesmahunant prot¢ih expregsed irethsedt aellesas rhbmsdledlbjd W&tcm blot.

Pt ] 8 AR e e B o o o o 12
SDS-BAGE gohi dnd @rah§eR6d toLPVDIF H&AbaRStsifS a ShtdderBOPirillsBR apparatus
Five TM cells will also work for virus produaction an

(BioRgdbt Rallewinaida trenser, thasnerabrant wes bledked in TBS-T (25 mM Tris pH 7.5;
75 ml TR0 b%"l@b&eﬁi&o‘?{?ﬁ %%1/4 gén-irat% glg gaw an:&rg}[l ot el floody was

expressed in P<° Was From

used a110t000 Bilotian oveendphitan TBSCB 5ldwjng\ilﬁ1ﬂ%r bBldtsﬁﬁeﬂeﬂzvésH&i three times
15 resence ?f Laemm i buffer, run on 10% or 12% SDS- PAGE
MR AR {TRRRFEFS: <A FRPrePIAERSCRRATSY apibadyioagyugated fo horse

radishSpHROYEAL36 @HRPW% Bled 3PP30BbY Fi lﬁt@t%(rpgafﬁs }‘E@&%@E rﬁ%/l Blots were

transfer, the nenbrane was b
incubated in qﬁwnﬂaw annbodwfomld Glopr And)ihen Faetead)thiee inses i TBSSL615 min.

cach. syt it pfBckdsed Y Abuined in TCE YR o) s mreham

BiosciBhedsy Mgt dieasbetdnly eRdtvdiSndis Mﬂhﬁﬁlo@l‘bnél%ﬁbody (Sigma),
An appropriate secondary antib

aﬂ“ﬁ‘bﬂ%@@%@é glt Relyidengd ap dé/KBp@q)»@r@a%%mHm)tlme (Sigma-
Aldricfi’m%raéu %Qy&ﬂ@n&hdﬂéi b%lﬂfaonﬁ%!\]i 45) I( s &%z%o{e%molo gy?. gecondary

antibodies used were anti-mouse IG-HRP, and anti-rabbit IG-HRP (GE Healthcare).

[0141] Immunoprecipitations were routinely performed to monitor complex formation
between AtCyclinD2;1, AtCDKA and Krp molecules. Protein extracts (14 ng) were diluted
in 0.5 ml binding buffer (100 mM Sodium Phosphate buffer pH 7.0, 150 mM NacCl, 1%
Triton 100 plus protease inhibitors). Protein/antibody mixture was rocked gently at 4°C for
about two hours and then the appropriate antibody was added. (2 pg of anti-flag M2
antibody; 5 pl of anti-HA antibody; 5 ul of anti-myc polyclonal). Protein A sepharose was
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i ncubated in secondary antibody for 1 hour and then
washed three tines in TBS-T, 15 mn. each. Blots were
wo b@nopioressed as described in the ECL syst enP@F/Us1m06029349
(Amer sham Bi osci ences). Anti bodi es commonly used were:
ti.-fl oclopal antihody (Sigma), anti-HA
adde‘ﬁg’n%l‘ﬁ %2@ PI\%?JTY%’EW%I i5‘?%81111%1% BEPEHSS WEsaisewt)y miged iforPiShonrRt 4°C
and BB BAGY S i 16 i B0 noclonal or
pol ycl onal1 A-14 : ggfnt{ig&&g %ghg %@tgﬁc&n@d%e_s Ibound to the
Proteged seplarasednadsoude ten boted inathe pestrce WU mEHIRR:. PYathin

com nti-rabbi tl .G HE?S (%Heﬁot hcare). [0141]
Pl ST el pd o sithpsGRe pE &ﬁD%@AﬁELg&h ardsansfepred to PVDF
membTRRY. IMEmBANEY ®¥relbidtibR kL QESCE%EW&eAt CyclinD2;1, At CDKA

and Krp nol ecules. Protein extracts (14 ng) were

diluted in 0.5 m binding buffer (100 nM Sodi um
BaculPWﬁ’ébWﬁtOé cousitfugtiopH 7. 0, 150 mM NaCl, 1% Triton 100

pl us protease inhibitors). Protein/antibody m xture

[0142!‘?24@%%?@ s St 'Qaéhf‘f,%tgg@;fr% 6}%&@2%‘%@5‘%& Kaf\ga‘}ttﬁ?}rel{]%}fDNA
sequehds arere eithpe tézgsdl amf clamdd intd s Bl RAHY trasféHveBbr 8%% to

yclonal ). Protein A sepharose wasad

. ti- |
B1osc%?19e:§).2%§r{9g ?Fﬁnsé@d’ egter siptems krowmolortecirpisanatae slsadeased.

A ' .. 40 d ti,
ACYIAREL o K58 Wi 000 BRSO SR B e
i g i e

e 0 ae I u . I X
SR St BRSSO S e,
Other BadiloVieds tehs feP vEOYSFsySRMB 58 0Fas éﬁ‘éﬁfbﬁﬁ%&%m‘%ﬁk&;u ?:%%%lgo be used

.as described above. "Bacul ovirus vector "cons
for this gywpose. AhedieasgelutinioyBIA) repDapearhifb ayid seqiddce Tyr PRATyr Asp Val

. . [ . i t
P AR IO R T WO e S Feemich Boa S o
AtCDKBIbyEP R ahd thef $)one@iie thel pNADEI08 Nirav 6t %ﬁg%ﬁ@&ﬁ The
in b0 glg)j(artlsan can al so be used. AtCyclinD2; 1 wa$
cyelinand, (LK WeterFritaee eged tesneklp edentifigationAlydWiesttr bbot ané éor
: i addi T | a Phe As .
gk R R Vo R DR T80 g e

eu
tags. Qiher@mpatibilc trrmsfer venedystems chialspBe bhel. t r ansf er vect or
(BD Bi osci ences). Ot her Bacul ovirus transfer vector
5 S s Bacul odirect (Invitrogen), can also be:
Recom%é% F otfsl}t%ﬁ?%&%rpose. The henmggl utinin (HA) epitope
am no acid sequence Tyr Pro Tyr Asp Val Pro Asp Tyr
[0143] Al ‘Bhe BRADMRRY AendBiudeDiNS cul SRol B S oY B i
Alt Vgh’”ht e 5' end of At CDKA by PCR a%lgdthen crlﬁ% gélg%[%st%ences)'
CINHE RAGHPEEYS gamss e3n dlee bopsed AR hyEtasdagged)versiineofchteydlinD2;1
was @bt S &Rk 988 bl.g Jdentificatio
by Western bl of n&%ﬁ%g%? | mﬁhgog?rggmﬁtggp@gﬁusmg fomologous
recombiRgsioni AomadogoTh eccombliniation ndaeredtwin CRKrGaferlesi@r Béhtaining
cki O her atible transfer

cyclin @23? ‘gﬁl}sacgyigqr}lgﬁ‘fg{égg%ﬁgqig Gnemized gggygaculo gold Bright Baculovirus DNA

into Sf9 insect cells. Sf9 cells were seeded at 2 x 10° cells on 60 mm dish and transiently co-

transfected with 2 pg cyclin D2;1 transfer vector (pAcHLT-cyclinD2;1) plus 0.5 pg
linearized BD Baculogold Bright Baculovirus DNA using Fugene 6 transfection reagent
according to manufacturer's protocol (Roche Diagnostics). After 4 hours of transfection the
Fugene/DNA solution was removed and replaced with 3 ml of TNM-FH media. Four (4)

days later, the supernatant was collected and subsequently used to infect more cells for
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Reconbi nant virusproduction [0143] The Bacul ovi rus
genone used i s Bacul ogol d Bright Bacul ovirus (BD
wBr@soiasnces). Alternative Bacul ovirus genonmesPCHOSBENG®@I349
be used. The Fl ag tagged version of At cycl i nD2; 1 was
d intqg.a nongssenti al re {1 bacul ovi rus
mpl\ﬁ%F’é?n %WE”%E“H@“HB‘E%%‘QB s F@f’ |Uﬁ‘a §1rus titer was at least
9 r i . .
L T &) oI iR ISl MO Blcipyof
infectione(nidihefst 1.z Fle RibuBhien ’wagrmlomtcﬁ'ed ghihg Bghitdnd\fluotscdadé
into Sf9 insect cells. SfP cells were seeded at 2 X
m1crof6g> cells on 60 mmdish and transiently cotransfected
with 2 mg cyclin D2;1 transfer vector

[014QDWAQ i "\1’51%1611)0&%@@@& D wWH3 ihtrSIRREN ﬁl%ja ﬁg}les%entwl region the

acul ogol d Bri ght Bacul ovirus DNA usi ng Fugene
aculpyw@l; g@mmer@amndcw dégegnbinationn Boawiegoas re&ombination

st. 4 hours of
Occur?& ans ect i‘on f%P Ke“?‘?ﬁfgg%é‘? %ﬁiﬁ?@gﬁﬁ F%Vr?s ﬁ&@g@éﬁ{f\‘}éﬂt}’aﬁa linearized
BD BaeylbguléBright Bactitdvifik DNWhth! SIB fséot cBIRUISTH4IORYS seeded at 2 x

¢ later, the supernatant was collected and subsequently
10° cells@n 60gnim @bﬁndﬁfﬁﬂélen%}’ pe-triugsfenied with 2atg MCIEA thhaesfer vector

VLN R Rt e e i
Fugen@Straf¥Rctibh %igéﬁt abéﬁrﬁﬁltg'tq theShehutRinlrer roﬁ'JcHTjg{to'cﬂé Dfﬁgﬁéfstlcs)

of infection The virus t
After ddwitsei dgnsfestiog thc g hgemfm\mlsobmes wan camonedraod ceptaced with 3 ml

of TNNERH e 00Dl &7 SRR EE L8 Pe el ven cotel®B e ooty used

to 1nfbt1t bRire QSR ABEVitS dﬁﬁ)ﬂﬂ%ﬁﬁdﬂp OTHIS amBRACHR0N 3 ds 9peated until the virus
$ reconbi nation occured when the transfer

titer Wf’éé"f J&?S%éenvlalﬂw%c leypal.i : ‘Rhepirys wasrmndified byfiefeeting $Pcplls at a
s Ry PRSP 0 R BBl

fluores@Bcemidrgsoopy.60 nm di sh and transiently co-transfected
with 2 ng At CDKA transfer vector (pVL1393-AtCDKA) plus
neari,zed BD. Bacul pgol d Bright Bacul ovirus DNA
Reco’%bsf”%”g%ﬁ" gBREoBfoR HEpSeqt € Bifisgreagent according to the
manuf acturer's protocol (Roche D agnostics). After 4
[0145ho Preduefion oEFIag eefgtge@mmﬁnﬁggqﬂ@deﬁw bUALSBLNBS] was

%D and replaced with 3 of TNM EH nedi a. Four
a"hle‘(eg) Yd%ﬁ%%“%’a@ druginaide Sthrslla a&tlﬁmtcmlm%l pacylavdrugndo this end,
S cezlg Qsi%l?éq Qhli stise Tﬂsﬂ)ﬁ’ al 2"{( ??d:/mmh% ififlcted il re%(éré#ﬁax%t baculovirus

atlon cation was repea
at an Mﬁﬁ 4 (ousothet bighevas shghtl}elawbr M will ako p\aﬁk)l fot sisoubdt to 5 days

end il B IR 57 ETR it e oase L3 Q00 rpgat st o he el plet
was wabte@witBSesiRRediPhRPihes cafrifue8d bt F0d d‘%ﬁl‘h@ heSCeRs gellet was frozen

m crosco‘gy Reconbi nant prot €l n production in In
at —802e|or gnmpdiately] lysgdo dubisis hnffeoftorﬁlismgl af29ged! Hemss pHi hH20mM

NaCl, HGvaFEIBTATé‘@% ?yc }'oqyfd m?\PI%/IgCl;Nalus protease inhibitors (Complete Mini,
EDTA free, Boehringer Mannheim), 1 tablet per 10 ml lysis buffer. The cell lysate was

sonicated on ice 2 times for 15 seconds. Protein lysate was then centrifuged at 40,000 rpm in

a Beckman TLA 100.2 rotor for 2 hours. The supernatant containing the tagged
AtCyclinD2;1 was aliquoted and frozen at ~20°C. Expression was monitored by Western
blot using anti-Flag M2 monoclonal antibody (Sigma-Aldrich).
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achi eved by infecting frugiperda Sf9 cells wth
AtcyclinD2;|l baculovirus. To this end, Sf9 cells were
W@e@Aa143m suspensi on at 2 x 106/ m were i nf ectPCI/vb1006/029349
reconbi nant bacul ovirus at an MJ > 5 (but other
er or sligh al so. wor k

(0146} ipdusties o“étaaaéixﬁlgﬁﬁmhéu aehicyeb b icctioh PESufetsperda SD cell
. | ¥
it ARHEREABATAN ki3 e OAMOIR Blocdifon I

Expressioh miak ngaitot] bg O0estern il ot tusifg @nti-Hve npabélehal wapoliytlogslantibody
at -80C or i diately lysed. Lysis buffer .copsisted
Babgy. E@rﬁﬁqnéﬁgréﬁsmemﬁtog%is b Wier ?lOthﬁgﬂg@@ﬁiﬂ?,équﬁ% antibody
Sienfl ', 20 mvwgd 2 plus protease inhibitors
( ‘g“%c%ﬁgeg e Mni, EDTA free, Boehringer Mannheim, 1
tablet per 10 Ml lysis buffer. The cell |ysate was
[01473 o Aax adtive kirasé camplex phteytlinD2;%/ AAEDKA was Preptred by co-infecting

of S hiiiprgis B s grts SEvalnaT DB ipalRAMOES ™"
bacul 6@ tsa Thi A6tivie R £ irfealak ABRibed\BSoval PR @¥pRAShbn was
frozen at -20 0C. Expression was nonitored bg/ov\éstern

monitptedtby Westerndiatiof msaefvell estaotsusinglantiftlagMdyantibody or anti-HA

: i - i ch - j of tagg { CDKA was
antibdgy, SFRIAEEAGIr ARJARDoTT B BlCIR AN RHBRE MG, |
immuAbERlAitftionlds desdiibed adfieh. pr ocessed in the same manner as

descri bed above. Expression was nonitored by Wstern

. blot using anti-HA nonocl onal or polyclonal antibody
K’”asfgét’rﬂ’é’o). Expression can al so be nonitored by Western

bl ot using anti-PSTAI R anti body (Sigma-Aldrich).
[014850%7 in Vi¥o B&shY Was HEVASRA %0 PRI $atioal KAPICK 1nblBules abilita/ to
... 1/ At CDKA was prepared by co-infecting of S.frugiperda
inhibibgydis/GRK wompleaesycl i nD2; | (MO > 5) plus At CDKA (MO

> 5) bacul ovirus. The active conplex was purified as

e . . A o N O 10
10149, SEhhd 264 AR okl Bl ORI, S50 B0 RR AR IR Y
baculawitus oo d yodnfeetivn witi\therttvotbadylovifirewasnheditedd with @ktandard kinase

cycli 1 and At CDKA was nonitored by .
assaY-é\E‘?%mﬁq‘Eﬁ@@ B8 fhe meiple ehbetrrie sl b reambiganbiobacees ay
retino%(%éi/@lﬁﬂa efn/{NY iR'b§ Boid SRY bYRSeRMRL QRMath l?sefe ;K%ED?%KQJ &4 S Plant

nmol ecul es ability to inhibit cyclin
Cell 16023:166%% 8004)0 K48gse Kssags weregterformyd anfoflows:e7 pgef insacttcsll

protei R 355 D BTKAPE R HoOFHet BKALY S0 d riadt 8.5, 10
MgCI%EIgiI %I\Q\rlﬁlg’ %E 0,55, HATPpy AT LIPS ?g 3% ﬁ?lg) %)'ﬂ 4P 961ulle of 30 pl.

e principle substraté used but  reconbi nant
The reaghiersowere etcdubabd atsA76GHop3 @indiutes( NtheRiase meattibrak asstdygped with

on cqiig olaied3 ) A domeyh B d By B hefase fepmorai v monitored
by aut%ﬂzldk%hy%n%r RiolédiR qjyn%ﬁﬁés PhosphorImager following SDS-PAGE on
12% gels. Alternative buffer conditions for performing CDK kinase assays can also be used.
(See, e.g., Wang and Fowke, Nature 386:451-452, 1997, Azzi et al., Eur. J. Biochem.
203:353-360, 1992; Firpo et al., Mol. Cell. Biol. 14:4889-4901, 1994.)

[0150] Results: Protein extract from insect cells infected with AtcyclinD2;1 alone or
AtCDKA alone showed no kinase activity using HHI as the substrate. Insect cells co-
infected with AtcyclinD2;1 virus and AtCDKA virus contained a robust kinase activity.
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protein extract was added to a kinase buffer cocktail

(KAB: 50 MM Tris pH 8.0, 10 nM Mgd 2, 10 uM ATP pl us
w@2®701Es3ia 32PyATP and 2 ng of HH ) to a fi naPCwUb200€029349

of 30 mM. The reactions were incubated at 27C for 30

m nutes. The kinase reaction was_stopped with an equal

Activg §IRrdike gesichtlikepkinoses camatie be Butfiashfrom pimt proti eeae extracts or
from RAREEAE BlhB0 MRS M 1o WahB BRI AG Fowie,

Naturer3 862%1 962 519957 Merir i, vEurbUifBiethenn D03 :853860,11092) and used in a

. .. performn ki ngse assays can al so be used. . (See
Slmﬂagr.a@s.ay dm%e&%ﬁom%@ 09@?feﬁ/t@n%B@ms@ta@%spnh@&ﬂléwlﬁxamples 2
throu%tﬁ) al, Eur. J. Biochem 203:353-360, \992\ npo etal.,
?' Cell Biol. 14:4889-4901, 1994.) [0150] Results:
Protein extract frominsect cells infected with
Cloning o Kip elDNAS irad baeterin! eAnreb¥ox edcame showed no ki nase
activity using HH as the substrate. Insect cells
AfK @o: Eof ected with AtcyclinD2;l virus and At CDKA virus
d a robust kinase activity.Active CDK-1ike
(cdc2-1ike) kinases can al so be purified from pl ant
[0151pr At®irpl DB FaLHbhicicliGm OfrabiHopNOdRNA byl FRCRIBsiftihk 6lowing
. cell extracts by using pl3sucl agarose beads {See \Wang
oligomyielpotidtice, Nature 386: 451-452, 1997; Azzi et al, Eur.
J. Biochem 203:353-360, 1992) and used in a simlar
as i ] ggoz(ﬁrg 4 i ts
de?%ﬁgﬂ%@g&ﬁ Exanp eéa t rgl?gfﬁj gg}E%)fgg\F%gng Krp
¢ DNesd)iSHTC AGEC EA AT TP CCATIE GIRe 8 (SEQADKNEL21E! oni ng
[0151] AtKrpl cDNA was cl oned from Arabi dopsis cDNA by

PCR. usj the f.allow l.l go jdes: (start
The res AR S ErdR e Ao e @ TGRS Restorefiiighp), The
resultig-vECWEAAAGBFIAfISCEGubhéetifto Serifyoebiieliidnéd to GddBank#
resulting PCR fragnent was subcloned into pCRII-TOPO

U%7¢%ctor (Invitrogen). The resulting vector AtKrpl #359
was sequenced to verity correct sequence to GenBank#

5' RACSAS Brassica ik keh1 Boagsi ca napus Krpl cloning [0152]
Blastn was used at the National Center for

Bi ot echnol goy Information website to find Brassica
[01524 e dRlasie aas merdoit dlegolistiane]l Geni@rfior BitgechTiplgoy &nfpuimtiph atabisite to

o 5 OO SRR AR, RSl g

candidaadee CDIBRO3RWENAIODRZO052 plvRish ¥urh€d yethrod by idehtdal bdi@ences.
t ransl aégd nucl eoti de sequence_of t

) he EST )
CD8293%h s taken fhyoygh Jora's blagi tayvendypshatihe ransiatedpglentide sequence
of the EST significantly matched the At KRP1 protein sequence.

[0153] CD829052 is 646 bp and includes the last 106 amino acids of a Brassica oleracea
KRP1 sequence and 321 bp of the 3' UTR. A 5' RACE primer (GSP1brasskrpl 5'RACE: 5'-
CTCTGATAATTTAACCCACTCGTAGCGTCCTTCTAATGGCTTCTC -3'; SEQ ID
NO:22) was designed to retrieve a full-length Bn KRP1. The RACE primer contained the
last 45 nucleotides of the coding sequence of CD820320.

[0154] 5'RACE-ready cDNA was made from Brassica napus DH12075 leaf using the
SMART RACE cDNA Amplification Kit (Clontech). 5' RACE was performed on this cDNA
according to the kit instructions, except that pfu enzyme and buffer (Stratagene) were used
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[ 0153] CD829052 is 646 bp and includes the |ast 106
am no acids of a Brassica ol eracea KRPI sequence and
w@2m7hp3ed the 3' UTR. A 5 RACE pri mer PCT/US2006/029349
(GSPI brasskrpl _5" RACE: 51-
CTCT GATAATTTAACCCACT CGTAGCGTCCTTCTAATGECTTCTC - 3 ;
insteaql pf Kitgntemy Thed (l songiiians ipre: aniniggldeaturation pbiy ﬂqfoeﬁfmm,

C
fllowefEy 3 FS&E‘*@M@"@%& ol fineb oL Wl Tho epiing PR
produ&t'w Ddfapirsxifmattly SOW?EEZ %ﬁAbﬁtmsrBﬂRlproduct was then
DH12075 eaf u3| t he SMART RA Anplification

re-amplified usingthe ebgve FoVdEtiangs The reselting & (Fhprofiet waprianed into

TOPOa]glglg{ \qécgcﬁ: éf.rgnt{r éepﬁx&lﬁ%}?f&%‘lé%«i nq&éﬁpgg @g é;%l%é(?ﬂ c}{%ﬁm Uplasmid
DNA ﬁbﬁﬁh@%anﬂb@m@ﬁ@v@%h@bévmm&hemsm sequdmcad with M13 forward
denatuyration at 94C for 5mn, followed by

of
and reyASTPRREISs Jde segmuce elmne capdidate msert was adegﬁm% to é9§20320 and

L

sequeﬁdeeif thccothendantlide 1mrtnq;esigmatedmw1éRPCH§ way s identical fhBn
s clqoned into . TOPO B

KRP1gLat: %tP 'n?aﬁ%%%rls@% A3 ﬁlﬁﬁ adipg Zeeny apd §G%ﬁg@t’zﬁﬁ% §legaavlao acid
level HftHe3ast B0G késﬂgl)ean the BNRvEd Qﬁ‘fﬁl‘f\@o&%ga@ﬂ{c%ﬁ BR KRP1-1

Were recovere e i nserts sequence
with ahaddiionaldi8 bpeofst BERpn TRHG Blubh eeczt@t(pEGa &3)ofThe®aKrpl coding

cangi e | r.t .was .dentical to CD820320 and was
seque%cggggﬁg{llggb%@ ovinybe ?% addi ti onal new sequences
came fromthe RACE). The sequence of the other
| atgpiedizehatigcaigtraedctaagdpackgjasenedicBnta¢gRiigdagetinges g @dgapaatogt 80
identical to Bn KRPI -1l at the nucleotide |evel in the
81ciactighiggdaebguagciagioz Bibdidigdegtgaahadaicattbgsiiagantiggiagg 160
| evel for the last 106 residues. The RACE retrieved

161 Bfghdal toagh Wighdhadtit 240
T T (s o)

244 gcg%g%géa]ncéEQgcféﬁ!éfa@étg&e&mggc%g@&a%g&&a&%lﬁg&z&g&g 38
322%%8%8%\ ?%%%%g g%ﬁ%&%gfat&\%?g%g%%ga%g% (gaggaagg%ggggg%aga tgaa a 400

t t acagat cggaaaaagct agct cgt cgt cgt cgt ctt gt t gcgcgagt aacaa
40% %fg@g@@l{gg@@g@gﬁ@@qg@mwa%ga@@ tgatttcgaaaaggagaagceattagaa 480
aaagagat ggt gagact gaaacgt cgt cgt gt cgacggagt agt aagaggaagc

481 ghdckgaRangaihagagaagangsa 240 241
t ct at ggagaat t cacagcaaadt cgt agct ggtttt gat t ccgccgt gaaagaa

nsshe A6 BT OF baclon 005 ANR i gontate gt myodiechce

HistidBRE Q@Kﬁ&t 89a@u o deait)ih 48 14Qlable protein purification b¥
t cgt ct gagaaacagct ccat gat aat t t cAagaagaagt at aactttg

immobifize @\Q a@’g@]g Shrpoede gra@ydl@@ami This vector Was modified in such a

way 1 GRSE AN AR A GRS AL ARIEI Rl Bt i M e

6XH1@¢&1@@§ s”é@u&chl(?ETIanﬁﬁY@Xﬁuﬁ leripth Atip) @DNA Wwexahbisied flom

row to enable protein purlflcatlon by i mobilized

pTG #ﬁé P dlopallAtind yeds Heisg iy O oliemmrgloptigss dbpd thsicatiteccodbig
sequetftd> TR (glﬁé%gluhl@oﬁ’dég Roftained restriction enzyme sites that facilitate cloning
into the pET16B-5MYC vector (5'AtKrpl Bam HI/Ndel: ACGGATCCCATATGGTGAGA
AAATATAG (SEQ ID NO:24) and 3'AtKrp1Xho I: |
ATCGCTCGAGTCACTCTAACTTTAC (SEQ ID NO:25). The resulting PCR fragment
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way to also include a poly-Mc epitope i medi ately
downstreamand in frame wwth the 6XH s codi ng sequence

W@ pETAG31SMYC) . Full length AtKrpl cDNA was anptT/U5m06/029349
from pTG #359 Topol | At Krpl cds using two

was SRRl Bk LaB2 id ol Al PR 165 5r0S: FBtrossineredontir

#385 eBAtiHRd #id AKrbD41dlpEd EHNALR At @
pET16B 5MYC vect or Atﬁrpl ﬁ%g%vﬁ I/ Nde 918 Bt myo tags.

CGGATOCCATATGGTGAGA AAATATAG (SEQ | D NO 24) and
[015@ Athe follxwing two oEoBETQEHCT @ACTETINAEMPHACeIHMpD cDNA that

s N AR A PR AR BRSSO

BamHEN&’éIr M BGATLERA TATCETEAGA R AL reﬂ;E%nIbCN@m?— a3 U8nKrp1
n frame with the 6XH s and 15 e

XhOIf&TFQMT%GW%q:BG'EQ&W THEdAG a%m@emz%awpe PER fragment

was apel ot g7 3E ESLreESie, i SBuhed P g apd ot sie

oprBm pmysamwmcedAm%mgwmawM%aﬁﬁE@ﬁ BhKrpl

2 and, 3' BpKrp 1 Xhol
wild- Wf&@@%@&cﬁ@@éﬁ ISPRA@C4EES | D NO. 27) . The PCR

fragnent was anplified frompTG #313 (Topol| BnKrpl)

Recorﬁ&ﬂaﬁl@g}' DR expr&siohen ﬁgd?ﬁ%%aﬁlﬂp%g@a Site of

nyc and sequence e resulting vector BnKrp
contai ned the BnKrpl wild-type cDNA in frame with

61
01571] h eAlé kﬂt@laé gEpragsion plgsmidReEShE anslmiBYi1 pbHMY €icarrying inserts were

rnsGEREESR 91 SobE ST AR B ek B

transfomlatmm@suusscefot iflocite 400 al Sf DBBgaiiH1 Mmﬁbﬁﬁmﬁlm and
?E %ﬁlgqrr]x? Bacterial colonies fromthis fresh

grow; TR E SR b Culiss taseled 9 ORwe betacen Q6D Symedtgbinant protein

expre (i ad infcl B EM Lo RO Spchis B ARG LR PTG Gels were

then grewnatd (7aHfor ﬁnmet heiurs. eQedtsags oollantes byreneidezavibh h £J1BA 1500

R T A AR R I,
Bactefi®@WeeClyssl iay oeﬂmﬂdsf»maltysﬁ Bufter @0 kM wogﬁgte%gx%{lﬁﬁ 7.0, 150

rotor. Bacteri al et was either store
mM NﬁCLI 1% géthH%Qﬁ]ap@ta}iungaM@s¢ mhibéiors anylémmgmmmme

resusrARSRORY ol Rl R sl T PR P BB Ly

cells werbichnttifirgsd ant, 0GOCpinn i E@manmeo 11 66146 R N9 e6inkiRES hietoCRl Cell

cul ture wa nicated 4X 20 seconds on wet ice at 40%
pellet Bv&ﬁé’“raSh‘deWé‘g‘H f‘i@ﬂ% %ft Fhosahate lyesibptigeand dhe ool mrblet wanhegain i

LI
ol R e, QG LR0 SN o B, BEL A s
KRP'stwiere selubiliged h@ﬂrmf%g(éﬂ\m Ured, [16€ td\d Thiy pEenS ). i Thegaduspended

ed, K nnle |nI .inso| I nsol ubl e
cell p G REE Pty Bhicl fell 301 PP SR Wi 5 BB (BRa-tselble
proteiddRereMitdinGedby Jen@ifuga_ﬂi’(ﬁm tha}O@Q%}H%gBeclqnan JA20.1 rotor for 15
minutes at 4°C. Tagged KRPs were purified in batch using BD Talon Co®" metal affinity

L

resin equilibrated in Urea buffer. Batch purification was incubated at 4°C 3 hrs to overnight
under slow rotation. Slurry was loaded on a column and resin was washed with 36 bed
volumes of Urea buffer followed by a 12 bed volumes of Urea buffer containing 5 mM
Imidazole pH 7.5. Bound tagged KRP protein was eluted using Urea buffer containing 300
mM Imidazole pH 7.5. Fractions were monitored for tagged KRP by SDS-Page and/or by
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cell pellet was briefly sonicated 3X 15 seconds on wet

ice at 40% power. Urea-insoluble proteins were
webkiomonated by centrifugation at 14, 000 r pm i NnP@GEUR20861029349

JA20.1 rotor for 15 m nutes at 40C. Tagged KRPs were

purified in batch using BD Talon Co2+ nmetal affinity,
Bradford preteincpssay (BieRad) Refolding obihe denatued taggepRP veas cawsigd out

. l-ncubat ed,. at -4 r.i n I .
wing 373 RENRRR 5 Sl D iV B et o
were obEMRsl aMdtdialgfeddad WO Unem $0©NUTES pHITS €50 fndd NaGkshd5SmM p-

a 12 bed volupes of Urea buffer containin

5 mM
mercapiop el RV Benzmaisine (PR YIS sk AL pPislysisPuRies was thes ghanged

n £ .
t0 0.5 N g ORI 8T Sa CEa B RIS A flos S
benzamitih©andydntiadédfod ap additonal 33 hay ReBombadit préteinoladicotieaéd,
t.he denatured tagged KRPl was carried out using
q“anhéiﬁgby\ﬁré‘gb@ 3552y BN 01l FA4°S: Fractions containing the

majority of tagged KRP protein were conbi ned and

Mumgqy,@g,-ygﬁg%;&n alMUrea, 100 M Tris pH7.5, 150 nM Nad
and 5nM b- ner capt oet hanol plus 5mM benzam di ne for 20

hrs at 40C. Dialysis buffer was then changed to 0.5 M
[0158)r dhe wibtyptvvansions pFAKRE fangity minhersiand BdKBPfivnily members

were SR eTSh P DARE PORA RO RC D RS P Rafipslie”

mutage@dsisgnirpsbes.quant i fi ed by Bradford assay and stored at
40C. Mut agenesi s of Krps. [0158] The wi |l d-type versions
of AtKRP fanil ers_and BnKRP fam | ers were

e .
10159k y e seee ARRE ol e PRNACHPR pEPEN R HIE the enginesred 5'-
0 " SN

Bam B B e T A R Ry AL o
vectorg'ompea)rwasgubtienahiglo R 1A B0 v@oriiinvitragenpfod niutegegesis. The
]SSt ot S0 B e e S BB s et
for coft6eRisbqueRbnMBE Siahdard AtbinhRE88Juchéihg "VEAGHRASAISR P frﬁﬂd-t?lpe

resulting vector Topo-AtKrp #385B cont ai ned t he At KRP

cDNAjragmen fiont ghoxe rag stkedongd intpipERTF-EPPEbvecke (Ingtpgemder

muta Hﬁ%s%&?{@% g@%ﬁfﬁ% %&gog@h? o oﬁwwgg%%}galv\%@@ﬁ%J oneg | ﬁtyge
cDN At WwasTerifed doxt aireft seyudnco geng sthadardraitagesed seqiendihg analysis.
resulting vector Topo-BnKrp #539 contai ned the BnKRPI

i 1. d-type ¢DNA and.was verified foy. coryect, seguence .
0160 ity APt PP R R S TP RPN Srloof B3 B piagenc'
QuikChahge did @iedcd kb aGRESRIts Was performed according to

the protocol for Stratagene's Qui kChange site-directed

nmut agenesi s _kit. [0161] To_construct BnKrpl# 462 with
[0161}y [Toj qsrlémmﬁqw A2 withswltiple aaine arids sehstifitions inihe putative
cyolinBYEhBRABIG0ACI A (EHA0M1554T Ut el Ttk PBERRhueh o
GCAACCACCAACGGCAGTGGCTGCTGCTGCTTTTTTCGTG; SEQ ID NO:28) and
anti-sense BnKrp1DbleMut#1b
(CACGAAAAAAGCAGCAGCAGCCACTGCCGTTGGTGGT TGCTCC; SEQ ID NO:29)

were used for QuikChange site-directed mutagenesis with TopoBnKrp#539 as the template.

The mutagenesis product was sequenced to verify presence of desired mutations. The mutant
product was then subcloned into the BamHI/Xhol site of pET16b-5SMYC to ultimately yield
BnKrpl#462.
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GCAACCACCAACGGCAGTGECTCCTGCTGCTTTTTTCGIG SEQ 1D
NG 28) and anti-sense BnKrpl Dbl eMut #l b

WG ACBRBANAAGCCAGCAGCAGCCACTGCCGITGGTGGT TGCTCOPCTBES200€2029349
NO 29) were used for Qui kChange site-directed

mut agenesi s_W th TopoBnKr p#539 as the tenplate. The
[0162hut%@ﬁé1§m‘§ BaKaplit$12mih %fqmwe@@uds éuhﬁémtms iorthe bighly

consefled 63 Ak O ! bk Fiiind RGioBFPEA, B 9?&%@%@%‘3% DbleMut#2

ol1goﬁiicldofiﬂé @mCEMMW@mf@ZTWT@A]GGNT CAGIIG’DPATACTTCTTCT
|# 512 with two ami no aci ds substitutions in
TGAR S0

yDOHAS8) grctianticssier BaKepr Dbledlutiio @impﬂgottd@dT@@AAGAAG
AAGfﬁI A2 r%cgf; ﬁTﬁ&GM&%%A%@A@Q‘A%&%, SEQ ID NO:31)

were ﬁm@m&iﬁé@%&fé&%ﬂ' W&Wmswplate
Q I D,NO gO) and anti-sense BnKrrl| Dbl eNut #

The ng}tqtgjggﬁmr@ pot s (genfy presence of desired mutatlons and then
Subd(%%ﬂﬁ}-e useg 1 I kKChange Sites d| recte r%ﬁfg%gr?gﬂs\é?gﬁmns

were alsd hltfﬁdmﬂnmpm lamﬁg\&tﬂrprpﬂ‘bpd # 383B es thettagplatesisimg the

sollofiag afpemeleandEICE suf shE Rt A erdPelarl 1SR i GaacTa

%A@GC@@W@M@AKG@@@KR@@A@T&@ g\t %QQPEN@@ZD R (g@'léchds

al so introduced i nto At KRPlI using Topo

F173AsF 1784 -nanepd'ad 'eTMTG@QW@WTWG@G@AWSIAéI&G%TTCTTC

A, F175A-coding" 5' - TTCAAGAAGAAGTA
TTG‘%‘RT@&?P GGAGAAGCCATTA-S'; (SEQ I D NO 32) and

"QC ICKlcds FI 73A, F175A-noncod"
[01635 -Fof BhlkpIFI6S Ghthl4alintaciad Sbstinfidssloitid pirdiGelchchiibitiding
NO 33) 63], For_ BnKrpl #463, wi t h_am ng '

region %iglalglelutcpw@rrew%@%ﬁ the G binding segion (B 37 r%apgﬁh%s

DlszﬁnﬂFmgstYSs@%ftﬁéﬁéfﬁgB LS vibiR bh oo RIOG LR TCTAAT
région CEIZ29A  E130A, 1131A, D132A FI51A, F153A) t he

GGCEE@E@CMKT@P@CAWGTTQEA@HITQHHQ}EQWE@MO 30) anti-

sense fRRm{Toigh o ol LR ERBS G cloaTacro

AAAA@WM@@@T XX CGBE QTP OAINFACTELA ite-
QID NG 32) were used for Qui kChange sitedirecte

dlreCtﬁﬁh m@a@ﬁwi%mm BnKB?#éﬁgﬂaéw tergpleige The wpitageacsispreduct was

s ATIEE) e U SR R N LY 80500
site oBplEF 6bXiMN Csi t e of pET16b-5MYC. [0164] To construct
BnKrpl# 586 with a single am no acids substltutlon in

[0164i| ?]&bCDK b! ngngg’pg%%éoﬂ K3t hoe agi ssu tltuF (r)n 1n}%4%K

binding region (K148A) the sense BnKrp1K148A oligonucleotide (GATAATTTCAAGAAG
GCGTATAACTTTGATTTC; SEQ ID NO:34) and anti-sense BnKrp1K148A
oligonucleotide (GAAATCAAAGTTATACGCCTTCTTGAAATTATC; SEQ ID NO:35)
were used for QuikChange site-directed mutagenesis with TopoBnKrp#539 as the template.

The mutagenesis product was sequenced to verify presence of desired mutations and then
subcloned into the BamHI/Xhol site of pET16b-SMYC.

[0165] To construct BnKrpl# 587 with a single amino acids substitution in the CDK
binding region (Y 149A) the sense BnKrplY149A oligonucleotide (AATTTCAAGAAGAAG
GCTAACTTTGATTTCGAA; SEQ ID NO:36) and anti-sense BnKrpl Y149A
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GCGTATAACTTTGATTTC, SEQ I D NO 34) and anti-sense

BnKr pl K148A ol i gonucl eoti de
WG SAWNATGBAMAGT TATACGCCTTCTTGAAATTATC, SEQ | D NCPGBYS2406/629349
used for Qui kChange site-directed nutagenesis with

oo gROGNTRAERR AErt AR AT BB AR A S P
s 86 A 0B BRI IS BB g e
The rguiaggnssia yadgcmaimqwbed iOtWﬁw\e(id}gi bﬁclle@ﬁ?&l ﬁiulfdﬂi'ofig ?jnd then
Se r ol i gonucl eoti de
subelp 558 85 Bn Ao Bt T T P Gaa. SEQ 1D NG 36) and
anti-sense BnKrpl Y149A0l i gonucl eoti de

(0166 TTOCAMTEAMMERPACSEITER ECREGWMALT nci SEQHLANGh Ahe V58

. . used_ for %i kChange site-di mJt agenesi s
bindingregmdiNI 284 9thgsenseBnkapiIN Hi0A oligvauciuttalyd TESAN GAABCAGTAT

A O PRl S et BTy

oligompfElebitie W@GA@@&TGM@@@M@M@%@&% %%Q*Irﬁxosg)

e amno acids substitution in the CDK I'ng

were ﬁ%aﬁj%Qmphymsitﬁw@egté@ swiaRangsis Witls OgpoaRinkgp#isd asdhé eplate.
D NO.38
e A G, G o R 3E oe

subclgretd o OBABATHNARGGRA DACE TR ENMV@A;, SEQ | D NO 39) were
used for Qui kChange site-directed nutagenesis with

0PROBNKr p#539._as tenpl ate. The nutagenesi s product
10167] BRI BRI LR Wi brogeminapo drabraoningbs GPK
bindi A ¢R1 W Ghe ' ' igeSi te of
o e Pt 20 W th a

r ET16b- 5MYC. &0167
(AGANGAASTAR M CESTGA ETHSECANAGGA; SEQHD 10DKI0) iandl ity sense

[ £ . r i ucl eot | de
Bk SR Bl PR S R A ARG T REPIG T Smo
NO:4 Brwére seaisfor BokOhafgdsl-ditetga ﬁuig#%ﬁ&éiéjﬁith TR%)BnKrp#sw as the
temsl %TC@%FTTT%:GAAATCA TATACTTCTTCT, SEQ I'D NO 41) "‘were
Pigi8e 417 BIHAGHRISIPAPCRCt Wit taguenced feverifli pragenve oif desietmutations

and mgﬁmm&ﬂﬁé%@a&ﬁﬁﬁ(ﬁgﬁg QngTlTé?)? genesi s product

was sequenced to verifty presence o €sired nutations
and then subcloned i nto the BanHvXhol site of
[0168]), £FompnsimetBnKwl#S]73 Patheosisgle aminoBridsphlktimdnvih the GDK

o] . e DUREs mminonicsmhistintbain
binding rBEbE AT ATURTRE DL e SRleriieBier gonucl ot | de
(AGTARSRATAACTATGATEOCAARSKARARES; SIRFD NO NS 42 anfilnse

onucl eotI'de

L- | F153A ol
Bk Bk e eI CRRAEF PR TATEC GEAY (AR TEN TAEE SEQ ID
NO:439|_$\%% hRH f&%{ggiﬁgg&%% esﬁ’a-tdﬁé&&i %%{a%gne%t\%%efggdﬁnﬂp#gQ as the

opoBnKr p#539
template. The mutagenesis product was sequenced to verify presence of desired mutations

and then subcloned into the BamHI/Xhol site of pET16b-5MYC.

[0169] To construct BuKrpl# 553 with two amino acids substitutions in the CDK binding
region (K157A; P158A) the sense BnKrplKP—>AA oligonucleotide (GATTTCGAAAAGGA
GGCGGCATTAGAAGGACGCT; SEQ ID NO:44) and anti-sense BnKrplKP—AA
oligonucleotide (AGCGTCCTTCTAATGCCGCCTCCTTTTCGAAATC)(SEQ ID NO:45)
were used for QuikChange site-directed mutagenesis with TopoBnKrp#539 as the template.

57



10

15

20

25

30

tenpl ate. The nut agenesi s product was sequenced to
verify presence of desired nutations and then

waachosed i nto the BanH i Xhol site of pETI 6bPG&IVEE2006/029349
[0169] To construct BnKrpl# 553 with two am no acids

substitutions in the CDK bi ndi ng regi on (K157A; P158A
The mwiegesesis progwevas Keauspgrd 4o Veysly pegsenrs Qféle@@dmmw/m@@m
C 4) and anti-sense
sobel iR Al At g ge St

(AGCGTCCTTCTAATGCCGCCTCCTTTTCGAAATC) (SEQ I D NO. 45)

[0170}e IR comeihudt BnKapi#KS3danigetws dngind iacids bebdtititibagiartks COK binding
. with To anKr #539 as _the tenplate. The rruta?eney S
rogionRidiBes YABAD g ene SIKTBIRErit ofipeelrotinfOGEaT TAPAAGGA

coogoRAARoTA AR B H 10 NEEaT S Bt R SR

ohgoﬂdMéoﬁHé wm%m@ﬁercgaw@cmcw@@?@@adsm ID NO:47)
ion (R162A; Y163A) the sense BnKrpl

were uﬂe dorQueik€bangiesitc- GOSATINABASEESS COECITORBREHSB P AsiETlemplate.

The RS RO T T SR A KO R P Ao apifegs and then

subclcHe@intd tKB 47 HI/ W6 Esite SEFET Dob-SMivicChange site-directed
nmut agenesi s wi th TopoBnKr p#539 as the tenpl ate. The

mut agenesi s_product was sequenced to verify prese
10171}t Tpecsmsigert %&m 15755 WHERIG apids BN he CDK binding

regloWhﬁg@A\‘m Je{lée%ﬁ&ayg'wg 5 [‘%&Z é@lé@u{éﬁ%&ﬁ%&@ﬁb CGCTAC

GCG@DGGMNAAQ‘TM@JA@@A @QMN(%@AM hirp éh@@BﬁKﬁﬂPEWJ—)@AA
i AA ol i gonucl e%tl de ‘AGAAGGA °
oligomyclectidefHARAAK

SEOCOSGRTAGSC T Bats SEQ AR NO: 49)

v B G BB s T e o

The nm@neﬁepkoﬂmt viasiskfueacedeo sérify- pdeseﬁ@t dddesivddageagsisand then
Wi t.h T &’239 as thﬁﬁt&r The nut agenesi s
Subd%‘e(‘;d@et tsatpl f%’a‘*%resence of desired

mut ati ons and t hen subcl oned i nto the BanHVXhol site

[ompf ToFcbh&Pnd MYRap 11095630 ith Qvocaninb abidh sEREfuRbHs 2aRe WDRbinding

two am no acids substitutions in the CDK bi nding
regionr Bg6oh; 11686 Ahe 4eag8RKiphK Lsehdoligniirgbdokide (FAATACGAGTGGGT

Toc e AR TR ER DRGSR e gricseies Bk I KL A

ohgori%!cle%ﬁ&é‘ ﬁ%@@@r@%dﬁ@fé@f EEEWEMEHAGEESRETB NO:51)

were used for Qi kChange site-directed
were md ége@wkaawgetSEte-‘dup@mamgmlsamh RepoBaigup#38. as Theetemplate.

Tho ngya R DR NSRRI Ok FEORRIOH A B RRs ind then
subcl RTINS B EE BT @tEBiﬁEfTWMCOln] To construct

BnKrpI# 574 with multiple am no acid substitutions in
[0173] ToCc[c))ﬁstruct BnKrpl# 574 with multiple amino acid substitutions in the CDK
binding region (F151A; F153A; E164A; W165A) the BnKrp1F151A, F153A oligonucleotide
(CCTTCTAATGGCTTCTCCTTTTCAGCATCAGCGTTATACTTCITCTITGAA,; SEQ ID
NO: 52) anti-sense F151 A, F153A oligonucleotide "
(TTCAAGAAGAAGTATAACGCTGATG CTGAAAAGGAGAAGCCATTAGAAGG;
SEQ ID NO:53) were used for QuikChange site-directed mutagenesis with BnKrp1# 555 as
the template. The mutagenesis product was sequenced to verify presence of desired

mutations and then subcloned into the BamHI/Xhol site of pET16b-5MYC.
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bi ndi ng regi on (F151A; F153A; E164A; WL65A) the
BnKr pl F151 A F153A ol i gonucl eoti de

W@ BETAGBAATGCCTTCTCCTTTTCAGCATCAGCGT TATACT TCT TRETIVGAD6/029349
SEQ I D NO 52) anti-sense F151A, F153A oligonucl eoti de

GAAAA CATTAGAA
0174 oY R NS b i R ‘el s sheaDK

bmdlﬂgt@y@ﬂml@AmtsgAmﬁmb thexefseImKsp Wl@m% ShuclEBfide

presence

mut agenesi s product wasS sequenced to veri
@MMQQG%AC@GT GAEGCTGidey; BRI I INQe54hand anti-sense

% ey b SR y——

ID NOKS5) @% et dor Quik€BARS sﬁéfaﬂ&z@ediﬁﬁthéerﬁéé%m TOHROBHRIFSS12 as the
BnKr pl Y149A ol i gonucleotid
templa) ﬁm@m vwa@@mmm@nmmfys&eyen@e olesityd mmthtions

and %ﬁ@k@%%%%ﬁ@ﬁ&% ﬁ@ge ID NO 55) were

used for Qui kChange site-directed nutagenesis with

[0175]o pBBodtrsiriG Bh’KlpB# 548 thwfﬁnb\aing twd bHgoniicR@EHESWEre used to
to verify presence of desired

amplﬁ% ﬁ%ﬁws &%ﬁg dnesh Edteriipal ttNﬁélHBﬁWlﬂ&(h@l Serjand Glu
that aGfi lﬁﬁﬁ&iﬁhﬂ%&bﬂ&ﬂb r-ggnﬁ stltretbﬁtthoB@ B%%?l ?%nKrpl

| ow ng two ol |gonuc eOtI es were use
Bamwl&d@n KWEFGADNEAARAT GG TOAGADAN TG SHY mlaIN(D 1B6) aﬂi Fo

Bk S D1 ErcRGrCanaCBhtip Bt eidnR ¢go

NO: 53)1 K[']ﬁi PER &l wa E@@%T@@? BTN BIK HPFRAd Hbcloned

and BnKr pl "SE>st op
into th,er @1@0@9& ity pfnE THohcDoaCdaTguep SR THo tedI66) veckirdBnKrp

#547 R AT SR I BB SIS 1 o

pETlI 6b-5nyc and sequenced. The resulting vector BnKrp
[0176454T% amﬂh"thrp%En&reﬁbllwﬁNgt\m ofigarnmeleotitlds Wéie uﬁe‘aHbs

L LN T AT
ACOGRTCRICE A G 80RO S

CTCGAGNICA CB)CEHIA AT THT GEEQID DK K57) which contalns a Xhol site. The

P R A AT e g Toon

(Tnvitfdgen) HdGeditaBed. TR ImBNKE A Hacbst xﬁé&ﬁé@ﬁﬁ)@wneé 'Ehto pET16b-

Topol |l (Invitrogen) and sequenced. The BanmH |
>mycy Tag rshtingasctonBpkem #dt saridined the Brknps k@DI\B‘hj@klnfghhe coding

BB M RS R

in frarre Wi th the 6XH s and nyc tags. Exanple 2. Amno
Examplei] Amimol soghhdnedlogeetwesnahianlin?y kPl aedslap] KRP
KRPs.

[0177] The CIP1/KIP1 family of CKIs utilizes two contact regions to bind and inhibit the
kinase complex. Based on this mode of binding and inhibition, altering the binding

capabilities of one of these two regions could potentially result in a dominant negative protein
that can still interact with the complex (via the intact domain), no longer inhibit the kinase
activity and interfere with the wild-type CKI from inhibiting an active cyclin/CDK complex.
For example, if the cyclin binding region were rendered non-functional, the mutant protein

would still interact through the CDK binding region with the kinase complex via the intact
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[0177] The CPI/KIPI famly of CKlIs utilizes two

contact regions to bind and inhibit the kinase
wewples19 Based on this node of binding and i nPCDU$10061029349

altering the bi nd| ng capabilities of one of these two

regions could ntially result in dom nant
domajip Rimilpey.gf &eéf Swétngéaﬁogwem repered Bet-fupchipnal e mutant

eIl ol O SRPATg e R, B

frominhibiting an active cyclin/ CDK conpl ex. For

[01783x dﬂ’m AtKrp FarhityeoSGKT'S shatei ndiclepyr thgivghowteheentiea proten with the
nctional ,. the tant

highefRagRoliy Iy FRBqn s Tavs COBRMBRIN a5 RO bt Weae of al, Nature
386: 4'5*1!21%2 g reéemlapm%ﬂ nant b8; L%i%layil&m.ﬂil A L385,

i on’were rendered’non-functi onal
20005 ¢ Hnyldpr@taé; Hawollbl 33163311 66 200d ¢ Tasinskicat gh, Plost Blgmsial n

o AR R 08 (o) oo SheT U i

35:4780480! 20035.0HB{vBvaM dnlly thaeaéﬂ hiSi62inabdy DS ftind AtidAD I Kﬁﬁfamﬂy
nost C-term nal 40 t ég‘ am no acids (see Wang et al,

show ﬂuammysaéimammman PRFO7; (ssmeliguestlad , Pl ant J.
15: 501- 510, 1998; LU| etal ., PlantJ. 21:379-385, 2000;

1017 asi nskéj&lhfl ﬁgle%eﬁ ?5%5 r@?& ?ﬁ@égig@%%gggg&géw 18

interagtions tetvaden aRepresentagive R@KP nﬂﬁél?ﬁm ardh2 AthitﬂmD&t Bind the
Plant J.. 35:476-489, Howeyer

AtCDA{& e hl&ﬁl@sgms@déﬂﬂs sboet FEPAmiy én%qbﬁ Sy rfiwdated

usmgrﬁﬁ’é@ln%)i viifh Elhﬁngﬁﬁﬁ Bl ReieRibelo%e &m E)ztgéjf)?xd&#gépetargnents

[0179] In vitro di ng experinents were perfor
usmghneutmtedemmns af BnKmi dontathing amninoercttubstitstitrstofbeghlpconserved

i S5 R B T b 000 MABe G Rhp o e
bmdnlfgfila the CDIKY, wiEleBaidsnea theA g clRewd sl Rakce dVIdEd 1ﬁﬁ>o§tﬁﬁly an

i,n_vitro binding experinents described bel ow.

lntact\ﬁlPKémtﬂmsﬂqxgalé s@;ﬁbmlﬁ@m requisedifgr mhibitien oidhe Aé(ﬁxd@m/CDKA
compﬁQKfﬁhnSgl&HQlﬁﬁog]%gﬁ%Héﬁ X%@h@ea é K By greﬁbg hh¥ region

conserved am’n I'ng re
that thepremlnemveﬂta:ts prdpose isely oyelia Ibn@gmglonemre semgevetamong & RP

b|nd|n whi | e n At cyclin was
fani 1 o g Utnoh B 2N |3N hioR e erbROBeR figpidues
withifd ﬂﬁ?ﬂ)l@pb@d% Sel bihahy d&rﬁﬁﬂ'abﬁﬁa’feﬁ’ Ehe' 1%%5%’{151'1 Qf‘i‘thgﬁttcﬁ@ﬁDZ 1,
cl1 nD2 COo Am no acid %HﬂglﬁTTEl&tE%
Whlleub%mt@moofvnthw@tﬁ mrn@nwgltacéglnmestmg ﬂm]g;tmetd’yahn mdmg

en i.s.the CYS!
wsio] 5B S D A LB A a8 vy o
the wffd-@yifeeKRl)’l blie iBbitd#y deRddstifion thidiedhited theXfingR\eetivity by 50%
conserved residues within this g oposed cyclin binding

(ICso)reared-98 Sateg g dhecwild-Hpe KRRy twhilitby KTso fiaythe cyclin
. 4. Whi ct| wi th At CDKA renains intact.
bmdn?%]?lgragtﬁ%ﬁéd?%fg ?gat”gt ive cyclin binding region
mutant still i nh| blts the AtcyclinD2/ CDKA ki nase

[0180¢ ONSihlsr diRervafbnsafer deGHitVIBE Ynadfindtha pai7F e cohREpaiRFee Viach
._The inhibitory concentration t h% reduces the k| nase
et al. . FMBGik J0:893458H:461997). The ICso of the p27™" cyclin binding mutant was

increased in comparison to the wild-type p27 . In contrast however, high concentrations

()

of the p27*"! CDK binding mutant were still capable of inhibiting the kinase complex. This
is likely explained by the presence of the 310 helix in mammalian p275F" that is absent in the

plant Krps (see example 3 for an explanation).
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(1C50) was 0.035 ng for the wild-type KRPl (BnKrp#
461) while the 1C50 for the cyclin binding nutant
W@ Bkop#34%52) was 1.25 ng. [0180] Simlar obserRer/Us2986/029349
vvere seen with the mammal i an p27KI Pl counterpart (see
et al, ENBO J. 16:5334-44, 1997). The | C50 of
[01811] h e’ﬂﬁ@qda&&nﬂy@nq‘: v reginns dn KRPa gristughich see smdaitoithe

ma B2 ik htfablefe BE frlplion wid Ui P ihase
compleixn dlmta@simglﬁ nhe wtﬁﬁ dsmyain: mlaktanlﬁaiohhl slmlll inhibitlhé kingsetchmplex,
This . is |ike xpl ai n

sugg%ﬁgé@ﬁ@@oﬁg : Rindipggogien pes pam %ﬁfnoaﬁgfnf?{@;ihigﬂ% kingse
R G g E LT

mhlblltmn KRirgive XIBK. cudplekesaret shese teaultst itlustrete ﬂnnm?donaast to p27
7KI P1 counte responsi bl e for the nt er.ac Jon
te o Feion GatRE T alet SR Sseiort avle s kiRegey aibie
cyclin domain nutant could still inhibit the kinase

[0182F O MY effore THEBRHLInHe hipBhofbR A hRRPEGNAN a2 75! in
rimarily responsible for cyclin/CDK kinase

the CDRhinding Sgiorsienithesrwill beriersyl &6 ihinitali argpie o dominapt negative

S N e R e
mlubithhgithel Kinas0 Bbiplk, Ye@ npZkhikBiHhe contplex #EHE bi ndi ng regi on
of KRPI pl ays a nore si gn| ficant role in kinase

ldenuw Eévs %lﬁ@gdl@gma&%hge@épw thAt aP@c&Jsé&&@ﬂl 61911t‘1<h@§mt ! el y

Create a dom nant negati1ve BnKrpl mnolecule Iha[ can

still bind the conplex, interfere with wild-ty
[0183pn Kefacifitaserihierdlesibh of thg dominakt negstive Knpmeleculge thahm)uld

i G AR R o TR s Y Bt s

mannﬁ&lidni p”2/7 @Hnwéﬁ@ldxamiﬂdeﬁ;hh A Coaskiametompldxdsastuzad (see Russo et
re conserved in plant KRPs. | 0183]
al. N%Wef %&% ﬁSr%%le 19?@ dbs sigeeteral infsmation Aleng Witidhe alisament

mfongma}ogﬁyér@ Sothbidk Y@Mkﬁlfg Ikt':% HRkR) ééﬂs%%;yﬁ%gbfm%{ﬂg?‘g é& Rnine or other

-type KRP unct € previous
aminsgaidioasidues whultedmualprateinpditkdddinam negatpleahamctetistiogc [These

o g B ST B35 B B

mutarﬁ Qm\@otrfd)t bilRtaaliAIB R thdfoPBBél SMcydRA/EDIO Fl%ﬁ‘ eléh at high
entify key am no acids that when chan ed to al ani ne

Concemrafmrﬁ@nd a)ﬁwtﬁnamo@fﬂm shoull eompegessibstential \alﬂptl@tvaldwtype KRP
nt Ve, cter. st
motedi B S50 130, ORI EnBIARECh 2 ERED G P IR
charactyﬁéticﬁ/mﬁiﬁ‘lﬂ m&ﬁ’pinwl@.&ted%)/clmmﬂm kipsisetaetivityli th@ tell that would
substantially inhjbit the formation of cy cI i n/ CDK
ultimgtglydeashto ducapased ool pynlifesationsnd aﬂm%wgmaﬁeac mdexyt ant
protein shoul d conpete substantially with the

[0184‘]\" |Maﬁﬁiﬂﬁaﬂﬁ%hﬁ@l]@@ﬁ2eklﬁ&'é a@ﬂl\ﬂ? &% 1bIeQ:o tél?l ﬁﬁ*ﬁown by the

rrpexes I'n vivo, mutant Krp at fu
bmdlng of p27*"!. The mechanism by which p27<"" inhibits the cyclin A/CDK?2 kinase

complex has been shown to be a complex process (see Russo et al., supra). p27<"" utilizes

two means to inhibit the active kinase complex. The first component to the inhibition
involves the p27°"" 310 helix that is apparently not conserved in any of the plant KRP family
of CKIs. The 310 helix inserts itself into the catalytic cleft of the kinase to mimic the ATP
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characteristics would result in elevated cyclin/CDK
ki nase activity in the cell that would ultimately |ead

wo eoo7noiensed cell proliferation and a hi gher PET/081006/029349
i ndex. [0184] Manmmalian cyclin A/ CDK2 kinase activity

substfole OScuBli oL Wy Thgioh by dred Y Bel B HGIY Mecks ATE hinding
and kiMasDEetivity N BR R e FQRES tﬁ?%b&ﬁ@@o?ﬁ@ ggg{ﬁigﬁiﬁ%‘“’"%? %tﬁi(%gable of

... process {see Russo et al, supra). utilirze
inhibiiwgrike kivaserchinples (tdedohyikior ol kCaiEER5%661994). The fi r st
conponent to the inhibition involves the p27KJP1 310

lhx that i tl i f th
1015317l TR RBET ko B o P A5 S o BRI ADIC de e
kinasé Bérﬁplbia glOﬁ@HﬁiSM&tb& ﬁﬁt '&lfetN- l mi;[ P\3 ldf)'e P?%K?UI{HG%O%?{ El%ﬁleﬁcant

ATPsubstrate. Cccupation of this cleft regio
confogmations] ¢henggsrupen binding pRA76¢C k e ARBssoi an dl. rypea)d ik Faoh specific B-

RYIEAYE in the ab f the,. 310 helix,
KT o N T T
activeegiepirelos1ges pPPTS dinddhe, aBindfs@! It p2889néRes é%ﬂlﬁin% that involves

.[0185] Conparison of the cryst structure of p27i apl
B-hainpgn, %os‘:%d reptdvesand/aichelin of pﬁ%ﬁlf’ ‘and Pesheeiraphion acidokthe N-

-1 lihust r.mnal, | gbe, of under goes
e Bt B o i BT S o T
confotl_aftiz)anha?gb ml\rieafh ca;_&hkzr(ﬁ‘lbigrﬂﬁba?ﬂ{i %nlﬂtﬁ@@ihfe lktcnﬁbet: adiva9os cyclin

in the N-term ohe of .the kinase tha
A/cDRy ?rgﬁf?s“tl‘j}lfﬁ Wlfi'abl??&’i naifet E"%l e pandivich e highly eoinsaved in all
mamBélein! R URNy %MFS’L:HBI A WQ}—cﬁisglg)eﬁ ¢h A KR%@&R@% members.

i nduces a refolding that 1 nvolves b-halrpin, b-stran
Basedassth irsyltnset foathdn Exbmiplex! , ahd (i ladkl ¢Tla consbrieds3iddiclianihe o

[ . the Nt.erm pal e .of hat refold to .
consefRISTIE birtHE 1888 I 12 e i rompers el s g actve kinase
complegahe ithitiisaie lGhar aetidhyomeiniscif B | Bk dd N

l_oi nhi bi ti 55 t he ki nase act invi?ygo?még%?{oﬁaﬁi%ﬁ%gy
terminal labg g& e MOMKA fomse Hawevestanpthermegiinof KRR cahwiat he auled out

| 68 i : i 7kp>1.fami | .

o s BUGERTSSI sl D7 TR RGO 3ERS M 210 i

does imepenalianBaF 0. on the results set forth in Exanmple | 5
and the | ack of a conserved 310 helix, the conserved

bi ndj ng, reqgion i.n.the KRP famly nmenpbers likely
0186 RS R OB e 2o A o i SRR b Shpt g reatest
aminokdciBigientit§ td thie ﬁﬂ‘anﬁﬁaliaﬁ‘iﬂ?pp‘lg{s%ﬁt SQR2l 6RRRART edifles in

the Nterm nal | obe of the At < hase. However,
BaKRPA sreie systeayrally changedbasesronssquense idgntity tomanamakiant p2aFF; play

R i ndi BN i into the cat ic
orle ) B4R SR 9300, WESE %4 Bt g3 ol gt vos
compared ®YBEvildHgpe B RE BBy 61 Toritd ab2ifty 38ihebietk Ufa®d complex.
w the greatest amno acid identity

the KRP fam |y sh
In sorqeoc%ﬁwgfm?r%r %’éﬁﬁ%u abto Tewitored fn bending togeoxatiaD2;1 or the
AtCDRANSRMRSRoF ARG it SR 2 DR LATEAld ¥ changed

ased on sequen entity to mammalian p , play
arolein formng the b-sandw ch between the CKI and

[0187k hlutativgs eversoinpsbduced Bndéscribedhintdetalsin Example 4, "Mutant KRP CKI
Polypeptides.”

[0188] At the most N-terminal end of the CDK binding region resides the Lys Tyr Asn Phe
Asp Phe (KYNFDF) motif (SEQ ID NO:58). This motifis highly conserved in KRP family

members from both Arabidopsis and Brassica napus species. These residues are for the most
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conpared to the wild-type BnKRPlI (BnKrp#461) for its
ability to inhibit the kinase conplex. In sone cases

wao b@7/ousant BnKrpl was al so nonitored for bi ndP@IyUS®06/029349
AtcyclinD2;1 or the AtCDKA. Results for these

part @lﬁ@@béd‘iﬁ'ﬂz? or ¢ elnﬁﬂr odu cégﬂm}ﬁ%! \sﬁéérlp%t]-aaﬁ) :hﬁlq?:}gtnhf' i zhltlmately

Mut ati ons were |
formgthg lﬁpqagdmch witht GBK2 Me@tﬁbluPAl-@]DKﬂtcbﬂ@Eex HabH 8Bthesdtconserved

remdtﬁ gyegg warg%arﬁg%t%@t Egﬁqbﬂgbl e reﬁ@gsefcomplex (see

Table ﬁE@Id@ S'N%D §)h1no£@id%uﬁ§ tﬁtforf rg QLGN da ?18122&% ting afg gtyﬁo inhibit

ers from both dopsi s an

the kmmnmﬂmn @Ero. 'ﬂ]imever,éinlﬁpb#sa’r m&Bﬂ(ﬁﬂlGﬁSﬂD shpwed interesting
orma portion

h
result§ Oﬂﬁ?‘ab}{ E%er %pﬁsz Elphflﬁpﬂ g\fre]ls 8& éﬁ%@%ﬁ]@fiﬁ% them;Fd-type protein
suggdHisamdihiofioh 87 RRIZ pldys b 16l Sy Rlralh finfiiits, COMP! ex.
Each of these conserved residues were anged to

ne. and. tested for their ability to inhibit the
[0135’5(1 ?Tﬂ? @hqubql@nggs 62l\mdy549n P37 aohtact GOKY, play an

ot af f
mteg'?ﬁ*’%féblh‘f&%ﬁg E{%a%‘gd@%??pa% B ProfrE R rBRE, B Rl b since
Kipl Ewm EPKIB S L) iHEBRorySbRViBtwh S @EAS! doRhrb RSl trdth | N
h ?ag aja? (l-fl se inhibition was attenuated conpared
PRCRYJARIRES \rit 1289 t%&e{ﬁ@@@g o tQ glyginst iThis davhle mutart, Balindr#512 no
longePinhibREd tHel it 0189
Bt de chgfér%y a%e @orh?lﬁﬁ dh%‘mE}l ?aﬁ%@gm 1@5’ ! ‘ﬁtgl ghlaf‘?w‘xlmp-liex via
cycling27k| Fheremay aidll b€§Mﬁ¢ repidagd tadin@behisahutant t6 the CORIPOr¢h of
theco&ﬂf)é sandwi ch and are conserved in KRPI . (See Figure
ince Krpl F151A (BnKrpl #572) inhibitory activity
was partially conprom sed, both phenyl al ani nes 151 and

[01901L 5 Tyvasire 1R ERP 1t ned dRsdIeed 29 FBOWRLR e BBS in the N-
er inhibited the ki nase corrp]IT1

tennm&@gﬁft%l#qsflﬁe Q‘g\w:n?lg 3t gongeqts CDI 2nandtfhemsgparbefdhe ﬂmﬂkhmch
e KD e L S el i

When dirgsinsx 49[v@$9:h§ing'égl tosianiae [BK G #SBP), theﬁnmeﬁo@caeﬁﬁwﬁgs
lies in the Ntern nal

Pamal}}g Riafised: eehiy o ﬁpkw RALmRYsiAnAEQIR incthRbinding andforrs
inhibitiar ¢f CIHK Ah erhbrefs8 Cﬁ%ﬁfi@n REZ 0@&0&?‘9 ft}m’é% I?)e}éombmgd with the

conserved in KRPs fam | y nme ers 0 psSi’sS an

doublegputant Kepl RARLA; E'yfr3g35| "Has tripde mmtant vas gebetied tatetdin i.’[|§ ;bmdlng to
oo ek RN TS Lt 11

roIe in the bi nd| ng and/ or inhibition of CDKA.

[0191]ThEh<e:fegm C-tantnirtal tnthe K YNBBE mtftsm mwofé@)% 1@1@@1 Q@o
contai | ed with the double mitant Kgpl 51 A, Fl
"‘Isr?e‘é ek 4R agyds af\ﬁ/ﬁensé%éém 84 to- r(&aalflgunetls) Manm pﬁgmse

O D o070 BAP RS kiR ed Kb
Severa} of these onspmEd Amiriofac{dSE@re &mcﬁﬁl)pamﬁ tdiRBhina (2@ Table 2 for
summary). In all but one case, the inhibitory function was not significantly impaired. The
exception was the Krp1 #545 (E164A;W165A) mutant that was a much weaker inhibitor than
the wild-type KRP1. The tryptophan 165 extends its side chain within the B-sandwich.
Phenylalanines 151, 153 and E164 and W165 were all changed to alanine (Krpl #574). This

compound mutant BnKrp1 also failed to inhibit the kinase complex even when used at high

concentrations.
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contai ns several am no acids that are conserved in p27

KIPL . (See Figure 1.) Many of these residues are
w@eongstesed in the b-strand of p27 KLP1 that forem®US2006/029349

portion of the b-sandw ch. Several of these conserved

[0192|_tf"'.b :Tiélmg&;dglﬁ)f\gﬁé nﬁoﬁn@?@% lbﬁd?l%}reglgh gf g@glvg‘as’sﬁéso incapable of
1nhlh111ntg the kinage dorpdéx. Orhivvaas mtsqur@ﬁhlffshfé@ iftid éimwﬁ%idh"rgsponmble for
E164A; WL65A)

pt| on, was the Krpl #545
bmd‘flﬁg% " GEE s detefec o HRwevar i btiews it fikels thatuch ahtuno;tpen will result
lnanrggg{lablepmantryptophan 165 extends its side chain
hin“t he b-sandw ch. Phenyl al ani nes 151, 153 and
E164 and V\165 wer e aII changed to al anine (Krpl #574).

[019% %g ﬁlg{fﬁ?lggé}?%ﬁe ](‘))%%2 %tgpgq%lréﬁ ﬁ%egt ggﬂ%l%ggeg eexpge[s)sKmn at the
post-trischptionBRNAG el 'RpBres QAP LERRP Fihiy i’i@ﬁfb@%ﬁg ?)%&r%§ bl

since the entire region responsible for bin
accorpplishgé at theproteinl levelouwings dowinpet-iegeiive strategiel 'Mldlimb pnnc1ple of

the d@ﬁﬁlgnﬁxgééfwg%% %y 1%§n@{%‘%§rlégée§ls 2%?]1%813%8315 %B%ggé)ro%n that prevents
the nd)m’rmll ooptesTtthesagie ORI RotH peohiing RS MBQTA! In Bid @A@G %e

expre sion at_the post-transcriptional RNA | evel
nomlgﬁg%’r’ @%%?16 1S aarplticsuhpni coraplee mathi cﬁclpVQBE%cdme:b@enacnve the

kinasé@ | 'I'ﬁ@t%ﬁ)rét Efb@%lﬂ%?hﬁitzﬂlt %{El)é&%l olfwlﬁgtlyg% Ié}%’ll evwgflntftﬁ‘eére with

dom nant - negat’i v asicp
the netowl eepigs of é(@ﬂj ﬁremsnhlbitmgycyd:lﬁl/@DKdﬁ@asB Qctivify. FRiBedntore, given

the hlg% ggfgrgee g&a gc%ng & ﬁi@ nglg}yeqelnt ?Ffs ggﬁq%tgpnzlthe mutant
Krpl i BERRB as 4 BotaiHafit ﬁe}%ﬁve folar QR /farDﬁP m@ﬁfﬁfm‘as'o? PE&MI’; alt

mul ti -subunit conplex with cyclin
family membesse Fingllyktha &S{@llnaandl QEK)bdem@regfons ef KRPp neessélhgorBerved in

Kl nt erfer
ot Y06 AL b UAE TR e 0 bl e
complexeafem atibitibh By chdtgdeNOUSTOR Bs inQithe@ Pldnfesulbh 94 ¢ %e Hoef wieat,

onol @ between the 7 KRP fami |y members of Brassica,
Cano@h%’ynﬂ‘?%ﬁ?ﬁ%ﬁ?l’lwqq d thelik&e as a donmi nant negative

towards other famly nenbers or possibly all famly

[0194[re P& Susly ldBfi\hﬂa}it nddafvEMatdnf 1BREHER R Pﬂ {bdﬁJ;% elESQEt% Various

of KRPs are well -conserved I n ot
Slgnal'ltf?éﬁ@icﬁﬁlépathﬁﬂﬁ doweriwntar,degdinang aegﬁtlpb Rws la G’DPa}b Me most

k nase,.co exes |nh i on,
comfy sl i IRE R STRIR el it Alsted & @ipr ol ap he stategy

used twlsmy p&@ﬁ@@asesmig ahid CBopez OMbO TelIPRBY. %rsz@,@c!azweldswe
%g, 4] . Previously, dom nant negative nmutants have been
Simil Om’éaﬁté}eﬁafﬂ%‘fﬂr%&@s@f\@ﬁ%v@f ogisgehtel identifyi seles for 6K in cell

cycle GTPa\gg%ﬁ deh Eleﬁgnegéa%l& ?gﬂm%h é/) %c%?g& 3@?#—2@%% elr(w)ggat i ve

Eroteln to date and has played a major role in the
[0195k+t Tae &3/CIP family of CKIs differs from the INK family of inhibitors in the

mechanism they use to inhibit the kinase complex. While the INK family only binds to the

CDK, the CIP/KIP family has two conserved regions that independently bind the cyclin and
CDK. The fact that the CIP1/KIP1 family of CKIs and the KRP family of CKIs utilize two

contact regions to bind the complex makes them an ideal candidate for the dominant negative
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used to study other GIPases (Feig and Cooper, Ml.

Cell. Biol. 8:3235-3243, 1988). Simlarly, dom nant
woewaniese ver si ons of CDKs were used to identiPgT/D81086029349

for CDKs in cell cycle control (van den Heuvel and

I . Scien ; 0-2054,. 1993). [01 The
strat Y 185 36 RS 0 ERR B RE 2FioR Pt treelEon aiont tast abolish
the intefattidri Wit therCIVKI evHite kBasin s et b0 Bindk thet Ehin
1ki nase con‘pleex. Wi | e %iegpﬁébég%kjlﬁﬁgl%ﬂE%nﬁgghet%g]tl%lemad'
CDK, the CIP/KIP famly has two conserved regi ons that
[019¢], gt aessentjnvisniien, theCanpda, Brassied ngpis (B RBeand hatse ear

t | P i and the KRP famly.of . . ..
cressi)fipiipstt taflar (RTKRY ifcotileho08 BedsTortefond Binabiafisto inbivit
cyclim@iaS a¢thvitm canfiintkda  TocRGnd adnSin hvitFo 498y WANAVEIBbed to test various

y. This is so because the CDK bi ndi ng

KRP'ne ; ivest,{)at egi ) .

5 BB1bHL0 Rk b1 eyl GRR commlaomd eairdopris syclisal 4 taykbaD2;1) and
. . . . . ¢ ) ; .

Ambi}g?gl% t@ hat Eéﬁ#&%l@é\%@@rg ygl ?})g | #\geéféa?nﬁ%?(g]% gquﬁ:tfg%ﬂ QVirus expression

vectop systeem (BD Biesvidnoes). AlEyoGabal lawadiaedi with haPuA G %ﬂiope &Sigma—
Aldriﬁﬁps ﬁngI jIouse ear cress Ar abj dopsi s thaliana (At) KRP
REGHES eﬂa%&b@wee}a@s@almmmmtppeawas plesedtip frame with the 5'
end of ARCDKIA. DB HIHORFRKARSLiiNDS Y &)?&@f‘n' WiEhiev & ﬁjﬁh?ecﬁﬂg 5, an
_I n vitro ass_ay was dével ope to test vari ous
Jruginerga 8Bells withtAcyalinDBi t basyloivirng. GPisduaioplof 28EDK A was achieved

o o FERAPRN LR Rt e
D2; 1/08H0A vl abcongplishebisy QPin¥&Eh e bf SYPddper IBBRL AR AbGREEDY:1 plus
SRR TSt A Lo A GBS

Y . ol iith. t he 5' d of At CDKA.
e 8 R ) S TR SR

HistohHEGHHDgs the sﬁ;bstgat@?yhimgﬁi@rg?@hbﬁawmkb/éﬁ_@y@agﬂ Eﬂdz!, Plant Cell
. | S. .0 C n or, CDKA was achi eve

H 18773 g%ﬂéé?hbofc@h?% it edlsIPEodordmemyiae complex.

SimilBeobrW fnw&tedgdal@ﬁfouu&dth% %dﬁégec yWilér{]celﬁg %C@%t%ﬁﬁ%ﬁh

acconpl i shed co-infecting o frugi per

both the AfeyrlinB2; 1 ansl ALCDAE ADKRaseactivigywaussily eteay: | Active@Hlin
i I were purified and assayed for |

CDK RifeR8 6 by B PO Ea T B miBe s pobomalny tasoe
culturs telheieradtshiynsig pSSRY aghiobe bladl oWangb: 4iHE A 251 548 -510,
1998)s,ubstrate or by using reconbi nant Rb (Nakagam et

ah, Plant Cell 14:1 847-1 857, 2002). Cyclin D2; 1

i nfected insect cells produced no active conpl ex.

[0197Ei Rich@¥vbi debisAed 1B Bhilafh Nﬂkﬁﬁnagp%?a}iﬁﬁﬂgig? ﬁ&f@‘g‘{% (HIS tag) by

i nase. WWen cells were infecte
subcloaingthe Kap cRNA iafrdmam@ibidhe cbding seyuande for HIS #gsn 8RIETY 6b

st Y B P R G e S eteri

subseduleiy pliri el aQUISttbs fisfodl dro®@i isdtd Ki-Byardtai ng pl 3sucl
agar ose beads (V\an% et. al% , Pl asﬁfé Jl. Q%a%: 501-510, 1998).

[O%@lqﬁ Krps were designed to contain a N-term nal
0198, , AL Wil dhingiBrassigginaspe Bk sHpsed GiKRRL, BiKRP4, BuKRPS) were

extremely effective at inhibiting the cyclin D2;1/CDKA complex . In all cases inhibition was
also dose responsive. Several other Arabidopsis AtKrps (AtKRP1, AtKRP2) were also
effective inhibitors.
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subcloning the Krp cDNA inframe with the codi ng
sequence for HHS tag in the pET16b vector (Novagen).
wododoteppe and mutant Krp protein expression WesST/US2006/029349
induced in bacteria and subsequently purifi ed as a HS
fusion protein using N -agarose. [0198]

t
10199%, TP FIRT s ok isize i it mesansdl bigaminhibit the kinase

compﬁggﬁgéec il 2%% e%cﬁ{%%q qﬁfn&tﬁ)ﬁ négea%ndlﬁg %J Pilﬂgs of
one ofdssethdedofecdutd poregialle resuiie ﬁ&liutﬂit:pﬁitelﬁrvﬁﬂi di@EahE negative

AtKrps (AtKRP 1, AtKRP2) were also effective
chara¢tﬁuﬁtugs t &1 examujeyif memyqliwwms a(?amylsafmd@m nonfingtiopal, the

ot RG] SUEIRRE oL A AT boh B B0 comple

via thartsut do@ainh lslémllair@l, ffahe lermalmJg egiaf isearienid rbh&’ﬁﬁcti‘on@l the
regions could potentially resylt in a nutant ein

mutangpfgieig SyAuihsitl missegt thraugiihe syqlw hiading gegl%wﬂeﬁxg%maée complex.
if the cyclin binding region is rendered

[020070NckuRRPIRAAA nhe‘iﬂb%ré'ﬁétvé B Fmﬂ@& Al PRt V?tt?] {le mammalian
g th the

interact thro bi ndi ng regi on
p27 Kifmailp. Thispdentityisdinited tb Hteanest Eoternimal 2t toi I0amigo agifs. In fact

the loflon aF TS aR e G T dePete P BB P R AN
termu?isﬂﬂ'ﬂ%rbﬁﬁi ﬁﬁlmﬂemohﬁ%gksumgﬁmciﬁ R St I{rggﬂ%uﬂﬁﬂﬂmﬂost C-

nmbers have limted ami no acid identi N to t he

tennmpémﬁ!on@iﬁ theoorrigin. (Seedigyte ITphosvipg elignment pEp3 7 m tagd vargous Krp
t 4 0 )} t .
fomity BEBRR $5 Gclih Al ekl SR e Rltal a7 14 At eahfied in
plant I\%hﬂlsKlYB%ﬂlleﬁeglm;E ﬁhmddlatel}t Upstrédne bfnﬁlﬁ patative CDEK bmding:créglon is
|ete ogous region i.n the antKrS|So
consegyedimall plsat RRPs H4on g ssoveditesion pl ﬂ%qﬁ-gLﬁ%ml ogquade P27
could]'f)'eg Sns}ble SOk ;lﬂel‘al:ﬁ(ﬂw&le %?01912 TARRincAH éﬁ@EﬁtﬁH&ls}ﬂ'f Reveral

nbers.) The cyclin bfnding region within
residuen rm&is pmpqs@d Ky @in bisding tegiomnFEnkRP | @nphaatidsiRSs] 38Yebolishes

vindifg 1 g eFl el o 2k it PORPRR ol b By ot oo
regioffsQREE iVERPE Siii tdh hehalatp2h ERbERmeusart HaPRdiste hel
be responsible for the _ interaction with the cyclin.

lnteramwl &eoﬁcma%klﬁm&qmnmk@( dnterestingly mptatngiihe syelin binding region
a5 0RRAH SHEI LA D38 0o B TR P08 binding

regiomfsipeiadarity redpogiile fdrhgcl@ZKDKﬂhm igddbiioauggest that two
regl ons exist in KRPs si m lar to the mammalian p27

coynter rtt eth ion with_the
0201} Gy e R nSE Mgt Boribfes HeBegen o DR Hiting Frglinna bl and
mamrE¥fenl KR! heichgtdl %ﬁ&&e%‘fﬁZﬂml BoRAR ket lcyclBPRIGISKY. complex was
i nhi bition of the ki nase clgﬂpl ex, suggesting that the

used tobelbidentify gonteefiresidies of p2 frar i thyt hm;chﬁév@ ¢list andf(@pK. (Russo et al,
Naturg%%b 3% g?F @@@f‘s&ﬁt”&'x@m&uﬁg FVﬁ]éJ 02C %/%Ho srigRP s&ﬁlegces to

egree of "h |ng regi ons* o
deterrpin@ Réhetirg ofrﬂcmméy &8 cbickied ihe@é gisﬁ ﬂiat setmmha highedt hpmoblogy
QﬂPl bound to the cyclin A/ CDK2 conple
to p27 At the most N-termin; end of the CDK. blndlng reg10n hes the
LysTyrAsnPheAspPhe (KYNFDF) (SEQ ID NO:588) motif. These residues are for the most

part conserved in p27. They form a B-sheet that contacts CDK2 in the cyclin A-CDK2

complex.
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used to help identify contact residues of p27 KIP1

that bind the cyclin and CDK (Russo et al, Nature
weaD78AMB31831, 1996). Contact residues were conpar/Es200e029349

vari ous KRP sequences to determ ne whether or not they

t hat th . qe
[020%1 gg;’ﬁ{e\éee g%ely res1d§?§ ‘?vgxéa c:%ga ge ‘;1%5 %]éﬁlsﬂpﬁg teéwa q’gt?timeu ability
to mlﬁlbiﬁth@@iﬁabde étﬂh x. rEﬂér@sfﬂm?lyeﬁxah? ef M&Tﬁfﬁg‘?@ RARBRARRE ﬁl@st];tu’uon
( KYNEDF) I D NO 588 These Tesidues are

mutatigns dighaqt Ptt & ehilitsrto duhibih thekmasa pesyplen imvitrob Fotweser Kipl

F1s SR8 Ry 0, BB RGBSk AR o

kinasak@nplee. and tested for their ability to inhibit the
ki nase conplex. Interestingly, many of these single
|ct supstitution nutations did not affect the

lﬂzﬂﬁb. ﬁmeyt ¢ §/dP Apales of hotepixanpialanines rlrél ’él%i 19 eantachthe CDK. and
Kapt ERSEAICR) sEAR Ao AL A A Bl RS w15

were taplmsdaby aimnlne.x This@06E nGitoa Bokhg 1 inKrp:lfiall 514, of SMﬁb longer

al ani n 51 anpd ] ntact the CDK and Krp
mlnb@ﬁ@i)’&ﬂﬁa?ﬁﬁom SHitE o fiad: lwatﬁ% kinpseycopphex \am@@m L It
oh8é Puléﬁ‘&ﬂ%a%lﬂ?e‘i‘é ﬁ?serﬂ
cann al ani ne. This ogﬁﬁgﬁ%?gﬁgeéegﬁ%%lﬁ% % }nlag txthe CDK
portionif g compléxonger i nhi bits the ki nase corrpl ex despite
its ability to bind the kinase conpl ex VI a cyclinD2;I.

t ] t _that .the e sone
[0204h esi ﬁgg?etlbl 8%?gsfn#ﬁ?%semfié éi 0 t% We(‘fﬁkl £ strygprgfmodel
of matridealieABRY @ Ximild dRddo diid RSIdNE liddH thepdsitiin dFhE Blsheet that
conserved in p27 spi, however in the structural nodel

contagjp C%a%@hc}wzge@t@mmmwh@ﬁadh@mhémoq;u@tiwtg svap partially
complla 0o T € oy B R R e i

and/oammmmyoﬁmKAa %eﬁf%m, mﬁ?ﬁbﬂﬁ&%osm@? Q‘E?ﬂﬁbAulchrﬁlﬁﬁeid with the
n I due plays an inmportant role in_ the
doublfglent e BRI ESL O SRe i S erRApoNG e op aneninibiton the
kinas@Eorbé it !
et RIS A SRIARCH ) LG SSYHL sy

retaing bigdingdo therkgease complok tvdiletunablk tnahibitdongsk extivitt | s
expected that this triple nutant (BnKrpl Y149A; F151A;

o255 4 60 BT ALl 05 SR 5 30R 5

individipdlyaedicheé tiei abilii ofthenRuiati Bhisy b pblyheptide FonP fnhbid@ the kinase
and 1 1A both i ndi vi duaII reduced the ability of the
complgx: The deifble mutaghp A@ﬁﬂﬁ%mﬁwmgd foHoduosagputant

protelﬁWh@%ng@ﬂﬁhﬂﬁ%{e%ﬁ%%% Bhpfk, BnKrpl YL149A, FIS1A is
expected to produce a Mt ant protein that no | onger
i nhi bits the kinase conplex. [0206] The region

[0206- {The megier Citerming teAIOENEDE thot{fXE0QI ID NO: 39 )in KRPKRRo

contm%g 8veral amino acids that are conserved i in p27*®!, These conserved amino acids

were changed, in pairs to alanine. In all but one case, the inhibitory function was not
significantly impaired. The exception was Krpl E164A;W165A mutant that was a much
weaker inhibitor than the wild-type KRP1. In a separate derivative protein, Phenylalanines
151, 153 and E164 and W165 were all replaced by alanine. This multiple mutant of BnKrp1
also failed to inhibit the kinase complex.
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15

cont ai ns sever al
k i.
W@200r®1430° al ani ne.

In all

in

am no acids that are conserved in p27
These conserved am no acids were changed,

but one case, the i nNPCDHUSNG029349

function was not significantly inpaired. The exception

was_Krpl. E1§4A; WL65A nt .t hat .was ch aker
[0207) 1 FTgpdagion pgﬂw CPH’&??R? &ﬁi@m@n&mon OFRRET g@ﬁﬁ@%wpable of

inhiblgﬁg it%cii%hé‘s@ cBinBle

5 were all

| ThisRIRRMO éggﬂig-@gﬁnééﬂae

repl aced

ni ne

. %ﬁ@g r%?xtx Feéﬁgnsible for

bindingithe GiDXfvaBdeletell. al so failed to inhibit the kinase
conpl ex. [ 0207] Truncation of the conplete CDK binding

20

5 R o R

sumnfARbéd 8 T8 PN responsi bl e for binding the CDK was

del et ed. [0208]
BnKrpl nutants for

bi ol &%i cal

Tablg 2y Biologicap Actiuity ef BnKipil

ﬁ(télql?ty are

Results of the eval uation of various
activity are summari zed
wgnsal Activity of BnKrpl

Mutants Protection of kinase conplex frominhibition
Constpyct i Kgp-MytagioBn Kr pl 2NZ@ydkimans Chdt ppBhhibitioh f BNDominant
Numberarjs not determni ned. 4 |dinding hbmdingd| KGnase Alfivityt | t Negative?”
161 K lchi“}ﬁdit SEven wherm gsedjupstofo—tipes—the N/AZ

m nijmum anount”-of wild-ttype inhibitor| needed to
586 abol |iBKrili RBSA activity/ [M209] ASDnehtioneth N/A
557 Previ LYY i4isTupting LhUbeL, T AT g dgE T -

resul te%f i n 4a9 mut ant Krpl protein that still retained
588 somg BolploNt®Ay activity. Neverth@bess, there |ikely NA
57, exigt LA no act ds—wit i thepptattyecyeHn -

bi ndi ng 1|!2eq| on (amino a¢ids 12%- 1J3/§) t hat _can
tbd  beal|tBekepl B152ér eat e a mut aND protMdn fhat NBfills thwA
573 0Pt s gant—negativegghalagqsrstes; N _

addijt 1 olﬁl. ‘%%e al aninejwas used in all substituti onsN/A
512 in tMeKeplpdSIACEISAA studiesit it is expected't hat e
505 T EPI ‘i’i@ Lﬁlﬁikl_fl et—aHNoaghgTestdues—with s

anot Ii,? on-aIAéml ne’am no acidjresidue that differs

significantly in one or |nore physicall| properties
553 (ot h&nKmplriEBYidePIA8A ve $ub¥Di t ut iNDs)| wi | |+atso yi el dN/A
554 A dor RIS protet Bl t u? at~t—s -
expec eg[ t%at teplacingia Ig%rt cul'ar am no acid
555 r esi| &yl E164AnWapTosi t ¢l yNBhaf gédanj no acid or W th++
574 anm dm YA EShAre Wit hy g spbstantyatty eifferent

def iiphR .%fag cteéristic) such as a hydrophilic residue

with a hydrophobid residue and|vice versa, and the
356 | i ke BokitllKiséd d an even b¥Pter dddi nant ndé@ative ND
547 CatiEE SH G0 The Tteatpydom gyt —regative

candli Eatle W %{prnot inhibit tThelkinasel activity even WA

oot e AR B MRAERYT T
N/A Bemesrmt applicables ful filled this requirement {see Table
*ND ridans ot determined cc O 1M

* candidate did not inhibit the kinase activity even when used up to 10 times the minimum
amount of wild-type inhibitor needed to abolish kinase activity.

[0209] As mentioned previously, disrupting the cyclin binding domain resulted in a mutant
Kipl protein that still retained some inhibitory activity. Nevertheless, there likely exists

other amino acids within the putative cyclin binding region (amino acids 125-138) that can be
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feature lies in the fact that when expressed in vivo,
the levels of the nutant protein nmay be in excess

wo emelosedconpared to the wild-type protein. [028Q%/UT1006/029349
dom nant negative BnKrpl nolecules identified in this

a5y B el BT 1 85 Rt 2 Al
In addRtR@Qvhile aldainewadsivged irafll subRne ik én BleScopti @l aGhidshi is

ki nase conpl ex frominhibition by KRP nol ecules from
expecigel that rephacinathe identified aminoaeid reddiesyiheanoghsr perralapisg|agrno

: f . sl pl

ccid 1 Bl Biehds ABFmBT ofp St amolRAORR pop ARt RE T, |

conseifvaBve subktithiibngd) vill BRo Kields dorpinamd igativedi26i2]n. Darpattiatar, it is
negative candi dates that are particularly useful wll, .

expected fhat replasing 1 partivplavaraing eeid yesidpeayifihanprpsiiel ghagged gnino acid

. B i £ i |- | Ohi it

or with iR Pactd S WY QERNeD ikl kRt Rl e, such as o

hydrophilié rdsidad wtithi sshydeophiobiivesitue aelevideatdrsn, 2nd fhie gilte.ewill, yielddn
Exarng e 2). The inpgrtance of this feature lies in the

even begies dONERIt NGB IVGFPEEYE] in vivo, the levels of the
mut ant protein may be in excess |levels conpared to the

[0210}M Yz {aeREdRNRLA fdpat@ittbahdidhts WillRE! TBibit thRinadd HR1iPMY &t when
protein does not Substantially inhibit the kinase

used ?G@D@imeatthmirtimm ameuny ot wild-eyperivhibibor nepdsttiig|abslishdiingse
.. ' t t di d d [ .
acivify SV a9 rpl SRR bR AR Lk RonbF TR IhSadiRpb ot wis

featurMibSintiNPRcBMERFPhen ddpeess@melol the levelspthémitagt pretetn may be in
performed as follows. Active cyclinD2;1/CDKA ki nase
exceselgHyls eampared) thaaglddype piekiibat edwi t h candi dat e
dom nant negative BnKrpl nutants (5 ng or 10 ng) for

[0211{222?20 Hing&t dddafi | %glggﬁ%&eédl&fidenﬁ?ﬁﬁqﬁﬂm S¥dy\ectiV8Y protect

or its activity i1n the absence or after
the cytleD 2D K Arcoofplaxi fratn wildetyBnRnSRP{ dnigbitign. Th@same damipant

. usi.n as the.substrate...The kinase reacti.on
negat{E Pert R Krb Bl iy OB AR 1 SIS dignf A e
molechiles TOhNGBE: Pesidy suchRe MHites SHR e Jebdidh] pdphst abY alfalfa (see

phosphor | mager (Ml ecul ar Dynam cs). [0214] BnKrpl
Exampled)A: F153A (BnKrpl #512) was capabl e of protecting

the kinase conplex frominhibition by the wild-type

ExampaSRintant BEKQN J200H ;9015#&9’(&'@1&’%5&&11& GAtaas R4 gi@ nakﬁeiﬁ@%ln

T the Kl nase actlvVv the presence of U.

inhibiting thetkiymse ERRflex.Thi s dom nant negative effect was dose
dependent, up to 60% of the kinase activity was

0212 R O B PR Bl s R AR P e wine
activif)e6h FhBguskANipBND thegahd MtigamdintRine obRilayf®R ihkibRbiSteeded to

failed to inhibit the kinase activity even when used
abolishkinpge pgjivijgr Several mutants fulfilled this requirément (see Table 2, Figure 1, and

Example 2). The importance of this feature lies in the fact that when expressed in vivo, the
levels of the mutant protein may be in excess levels compared to the wild-type protein, and it
is important that the mutant protein does not substantially inhibit the kinase complex at

virtually any concentration.

[0213] Several dominant negative candidates were tested for their ability to protect the
cyclinD2;1/CDKA complex from wild-type BnKRP1. The competition experiments were
performed as follows. Active cyclinD2;1/CDKA kinase complex (7 ng) was pre-incubated
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reaction. In conpetitive experinments, this nutant
protected the active kinase conplex frominhibition by

wowdodoteppe KRP1L but only restored activity by BERasives029349
5 nmg was used and by 15% when 10 ng was used. The

mut ati o s from BnKrpl #512 and BnKrpl #555 we
with ¢agdista ﬁ%ﬂgﬁﬁ 1 prepisi(h vesr |1%&gbfﬂxr29|mm5tmm 1X

e A0 S o SR e
additioh oﬁﬁfﬂdl?pd‘ﬂgtﬂmfw Bige$.0 pE‘dr& p@g)mgllﬁ{mttﬁéléubéﬁﬁte The kinase
capabl e of protecti ng t he ki nase conpl ex from

reactlpmwgretth@rrewm by SR Bé@msmascrﬁmh xarapled} YKinass assay."

Resu St B8 o Ro BB TR BRI RLN Pt g < e

ki nase conplex frominhibition byt the wild-type
[0214Bn KBrp1 F16DA OF 1 SBAKBaK rfiL231Y) whai 5@3‘6&6&&‘&3@&6@{1&@%& Rina&b

of the kinase activity in the presence of

complgx| feprp {nhibitigurby the prildstyne Bk RAH. ﬁmﬂBpéim_i FéélAw@hS?aA restored

wpto JBRERENAE W' SRl o 05 SRR G BRER, hy mina
negati@ %ﬂfec’r[v@a’%lﬁ]se ddpeagent @pao SUUNTIhe kil aEﬁ'ﬁt}D\%é féﬁﬂored when 10
fre ion to targét for a dom nant negative s
Mg o ﬂa@%crp

l’ﬁlﬂe’gleﬁESAHmm@i not just any resi due can be
.altered. Several single am no acid substitutions

0215 S B STy RS Aol S RA e
candid#E6beaase inhis@fHiles td infibit the Rind¥H RAVity Bah Whdnfiskd & 1008 : per
of the requirenments of the dom nant negative except

reactigi¢ foypepmneiitivespedments shisapetaniprefeeierhihe Antveldgase oomplex from

s SF RSy Gt S O REE e
15% Wﬁ‘eﬂ\m DB yavasedC The gehtions ﬁéﬂ%ﬂ(@@@li Ehd@)ﬁﬁ)l #555 were

prom sin character| stics

t
combwe e PRe TEn: Pt led SHnient FAT4 @AélA{weABﬁ&%@éV\%wsm

ex Be ct e&%ak?%g%g gdt ilﬂﬁ b& the {(%SSGKACH?HE?&?W ét glg pro QY
quantiiiee ’[K}ns asmpeﬁundmmtaim \bast dapdiblbyf l\ﬂotedhﬁgﬁhe kBak&ER mplex from
o AR R o e S
mutanWB #@§Sq‘lqt49ﬁsf"9ﬁ9g Pqt.‘i?yﬁg%%é(g@gbl% %?RM% Fﬂg@kﬁfgg@ complex

whi | e BnKr Y149A: FI51A F was t nant
from inbipatianteyt dmwiﬂ«ﬂmpe BnKRMe Svig oanKnm d%lﬁlApEle’med up to

, ke Bk oL (YEAOA 1
5% qf g SR B e Plaresbe Py S s hine nabi TS Srpint Regative
effectiRidBisd dé@@nde[n@ 23 86% JTERY hﬁé‘s%@cﬁ‘ﬁf;l W& restBtcdwiidnl 1001 of

the c @/C“n bi_ndi ng domain resulted’in a nmutant Krpl
BnKrpl ¥ 494 FL kAT 83Avssgsedone i nhibitory activity.

Nevert hel ess there likely exists other am no aci ds

[0216; hag eﬁ'acght ﬁg@le%t ‘ﬁ{aﬁﬂle tiflaf fofonto %&%r ar nit eg?ﬁve is the B-

m nant® nega
hairpife mesgldma r Howeyer abignstray westduelvan debhbaed cdreni smgm ahgind acid

.al | . . . . .
substiftitions failed to create a dominant negative Krp (see Example 3) but in fact, changing

too many of the conserved residues also resulted in a mutant that fulfills most of the
requirements of the dominant negative except it ultimately failed to behave as a dominant
negative. AtKrp2 is the most closely related to BnKrpl and AtKrpl. The mutant AtKrp2
where the KYNFDF motif (SEQ IS NO:58) was changed to KAAAAA (SEQ ID NO:59) had
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substitutions. In many of the nutants presented,
replacing the residue with an nonconservative am no

wa@eiodoosu d yield an even better dom nant negaPCTES2006/029349
candi date. Exanmple 6. BnKrpl F151A: F153A and BnKr pl

promS i ARARE AR5 K ARIHIR. n BRAE e rmions, i
BoK1p0 283nt @rikedab inHilsit the&irakd corljlecss e@ected. Ii@edRBlyD RS mutant

. egative strategy was .to introduce a nutation nfo a
faﬂedgtf’g’ﬁ‘?té“ aaseotgom bitign payildyyneBakBRhaves as a

dom nant negative not only towards its wld-type
oupgt 1z { ! i P
e nPy BB ISt PV BoBied B i RRE o fphibiting
the kiBpsgs KirelaE ety IV bortoh ir):rm m:t_ah) 'gok_olbeﬁibﬁodkiﬂguﬁé i}v&lﬁﬁct:§pd KRPRiR
S e e t hat es_in the extreme C-termnus
B S b b S e
compeeion bW afs MheldBable bitfant 8 i Y146 891 QPA;r #34so likely tg be capable

N-terminal to the CDK binding donaih I's tesponsi
of protegpting theckinase cpwiplendionFishittitiomor e, several groups have
presented 2- hybrid screening data illustrating that

102187 26 Aot UG WL SRR S bR B i S

—_

Hed eyliedpp apputant

Kip] proeeib Hanictgined sonkeeinBibitodyich ARs ENMREANBIBINBER 1BEKRRlst e ler
. Bnkgm, ho¥;ever, BnKRPI F153 is a proline in BnKRP4.
aminoagids that cap pe aliered togreate a mugamh protsin thay &116Hs slbofihie dominant

; ' : e RP4 i.nteract
ressRURAAARE, PO RSk DAL EOTRSo SL A
substitytinay ein anyhefshamnmatprdsestad 3oslweing HatredihswitR sh hoen

w.t.hin the bj ndi domai n dges not appear play a
consci¥ofil fninf et op L i Gr o Bk mminR B RO G e

BnKrpl #573, see Exanple 1).[0221] BnKRP4 was cl oned

Exampision 1 FOb] MVEIBIALAND BRIKIrpPYYSY £Ok159S 7193 RTRhAeYis o
.the BnKrp4 cDNA adding a a el site
domi 8 rasise RopusieRE fariimpmbers( 51BnKr p4- |

BanHUNdbl : GGATCCCATATGGGA AAATACATAAAG (SEQ ID
5 - JCATCTACCT.T
R B e P s o o PR S oy 2 B duce
mUtatIQH@t#EEBIg(ﬂiﬁpt?btr e RRP Ifamﬁ}g ﬂlasbléiﬁbés(rj@dt dontifart (Ejl@gatiﬁ/e not
and.xhol site o ET16b-5nmyc_and sequenced. The
only t&i%ﬁl} PR Wf@ﬁwﬁhﬁ@&e "ewrdaphebits fantlsrregivrs. The
alignmishnt 6F thy R ety of RIS EBMIstibs hiifus %M@A%?dé%gﬁé iﬁlgsg»gtels the

.. The protein was expressed and purified as Cri
high sequenes identity fhgp lieq inShaextepmied -termirus of thernotoint dDatohad Been

' X : inase complex with an.lCso_ve .o
presengdﬁa]}sﬁé% @%or*s#g@%a%hggq e jnst I@—m%?i?q ‘fhgréﬂK binding
domaieigresgomeibtesforbindingelyélafs MBdrBEes G6veRA Grobs %é@é@ﬂeﬁenﬁed 2-

h bridl nthis caiﬁ, BnKrHIIp #512 I%g%SlA; F153A)" and BnKrpl
yord sersening datg Allysimaingihen soverpl KRPanleeuhesduye by eslapping specificity for
cyclin Bin@ifct i ng the kinase conplex frominhibition

[0220] BnKRP4 differs from BoKRP1 in the B-hairpin. Phe 151 is conserved between
BnKRP1 and BnKRP4, however, BaKRP1 F153 is a proline in BnKRP4. This is not
necessarily a conservative amino acid substitution and suggests that BnKRP4 may interact
with the cyclin/CDKA complex differently than BnKRP1. However it has already been
shown that this position within the CDK binding domain does not appear play a significant
role in cyclin/CDKA inhibition(mutant BnKrp1 #573, see Example 1).

71



10

15

20

25

30

by wild-type BnKRP4. Based on this observation, it is
expected that BnKrpl #512 and BnKrpl #598 woul d behave

W@300a/006m nant negative towards nost, if not aPCT/URWEE29349
fam |y nmenbers. nple 7. BnKrpI F151A F153A and

o S b B BLS 5 A L
BnK1p4DMA ad&i’hgeé? 51 Bsn BI NG Rite 850 XU treh8E RS s‘i’t% ontth@8eH of

was to introduce one or nore nutations into a single

BnKpé (St BarpieBarEL/Ndel: | GGARECCARABGGEHARNBACATAAAG (SEQ

i NG ALY SRR B G Rl RN PE LTt BBIRS R

The FUR fagS o8 o8 SmpBEed fehaste #915 (TopsN :ﬁé.g(erm Bfd Eub%ﬁﬁe& into the

i nvention include, but are not |lim bean,

BamEland| ol site of, pEméhtSmm atné |s¢cnlen¢qdc ahev@sglbtum@tomm&p #605

contH§ 8 RFR G NSe F5E BeB RS O3 v

was ex@&ssbﬂ%ﬂdbﬁnﬁaiésﬁe%rﬂ)eﬂﬂ_é&]}m@earch for KRP sequences
of mai ze, soy, poplar, tobacco and rice. Several short

limted to the cyclin/ CDK

ESTs gvved hi gh honol o
[0222]; n%’iﬂi@ Ao wasta: Ikt of oo oy HETR2: YiedeAddrpse remplonsyith an
o ]85 5301 B 9

descrived zeExamge galn thisitase, Bkrpy #SBE(rI*HéhA RiGBA$ sndBnKrpl #598

(v 14T R SR Forertint Panab B BRACHRY e Rigte CamRlax it plibition
by mﬁ@n}% ?mﬁrwﬁ%@m {hYs GBRBINEH G, ﬂb b}&)eﬁfeﬁttﬁdt%ﬂ@ﬁl 9513 @ﬂh

it isn't necessar|ly mai zehonol ogue of
BnKrph gpe#1wenld kehavesns a@onen@hxcganszmms wpstf € met 41, GKRP family
memlgeq RPI in the b- hairpin. Phe 151 was conserved
ween BnKRPI and BnKRP4 and ZnKRP4. However, BnKRPI
53 was a proline in both BnKRP4 and ZnKRP4. ZnKRP4
Examgﬁ%es7 aByfapfl iRIG 1 Ar Bho30DMAl Breidiey1 fY ikt 51 51 A.BNA3iasisshatess
fr L mature corp tass |'s. The sequence of the
L NSS4 LOW A 0_.__L_1L Q1 QUIC 2 ._._ £ 290 the Genbank
accessi on # AY986792. ZnKRP4 5' BanmHVNdel :
[0223FCATI e rbfl BT RNCOS taht 4 d & s 18Rk ER e or
VBantHi :  GGATCCTCAGTCTAGCTTCA! \ (SEQTD NQ 63). The
more poyatipng e & single merbler e die KIRP danmitypthet nqtlomis beheyesras aatothinant

negahg%wg}?gﬂs ngﬁ[tyﬁa 11&3%&%9 %"@t af eaégé%%ls{ﬂf n&; 5I7n?ém TS across

differprt pldity sﬁszies Ceep plantsiod init¢rsse i theprashitdhi@fionadsclude, but are not
eter ned by restri ctl on. enzyne nap EI ng. Reconbi nant

limiteg, ta, 5oy %%analao%ee‘a eqb alfalda ricgcrpepiableceRs el as fogpsg pnd

even Pbe¥l hdh by pbplaSOy. one particul ar entry, Genbank
accessi on' # AY439104 contai ned an

[0224] The nucleotide sequence of AtKRP1 (GenBank# U94772) was used to perform a
tBLASTn search for KRP sequences of maize, soy, poplar, tobacco and rice. Several short
ESTs showed high homology limited to the cyclin/CDK binding domains. Several of these
short sequences were aligned and illustrate the conservation of this region across various

plant species. (See Figure 2)

[0225] Inmaize, one particular entry, Genbank accession # AY986792 contained an open
reading frame of 573 bp, encoding a full length protein with high identity to several Bn KRP

family members. This protein was called ZmKRP4 but it isn't necessarily the maize

72



10

15

20

25

30

open reading frane of 499 bp, encoding a full length

protein with high identity to several Bn KRP fam |y
wOoreoeberas19 This protein called GKRP2-2 is virtRel/Ug2006/029349

identical to BnKRPI within the b-hairpin. GrKRP2-2 was

o SR T AR R T e

halrpﬁﬁSPI@rl6d vids @BhdelRd bef RN BAKKP 1GRABHNR PF &RSEMRR P4, However,
AY439104 GTKRP2- 2 5' Xhol / Ndel :

nKRPE Ghatwasa m&g@g&%&@é’@m@ ZegcRP4. SEQKRBANGset)plified from

°DN%"%§%E3 R O R A SRR RS 0P iRy e el

oligofikaioctide age phhend faaie LAVl e SUAFRYDS6700! UriKRP4

. EXpression, the 499 Xhol fragnent was cloned into

S Bang N gelo | COAT ECEM GBI I GT TG GRS FAIBINO:62) and
AT OPHESLELRER FIRYE), mgen
produanEs(aﬂJ(aloaed int DORTII @etitrogenl B saynende) Kopgrofeiproduct of

he ability to 1nhi blt r econbi nant
ZmK@% ‘Sﬁ 625){)9 é@v&({l Rpane viaspimed intp thePamifhgtepfinfiTdeb-5Myc
[
vectol B 8 0rPbritatoh e P in B9 tclop i EEE! ecombinan
proteig; wis| preduced @ndespidbed indisambpleat. a pot ent i nhi bitor of the
ki nase conpl ex. Both dom nant negative BnKrpl (BnKrpl

0226055 i B A R S LT eptin
open mﬂﬁl,g frane: ¢N400 06} dnebdina s fEI0IRatakbRid With H&h%éﬁtﬁ& id éweral Bn
BnKrpl #512 gave towards BnKRPlI inhibition.

KRP aé%l membyrss Thispeateinsall e} GeKRAFe? issdrtudlivadentisnl bt&lKRPl
withiff MO R BKRAS: S il Bholile REIORA PIMERbL Rl RafK Jated

from }598 dmvelbpmg\sey plastlats. | @hg@ﬁ;ﬁkeoﬁdme@tdeagn&r R6H-BOSKuEce of

KRP fam |y t hos romrlce wheat ,
Genb%‘ﬁ‘r%ﬁ?ﬁ“"?#g‘g? %ﬁé %‘&%@1@5‘8&@%@ “the |ike. KRP

ctcgag@baﬁtgk@%fatég"cmgét&ﬁggcaﬁsEthﬂ@% 49nd BLA08I Sepiiher s,

can ned, expressed as recofbl nant rotelns and
th@@%ﬁ%@ﬁ@@wt%ﬁ@?ﬁw HEQG I HNQ:65)t Mé’rﬁihpltodad:temtshabcloned into

rorH g0 BNIEP o BR P D s SEA B g

fragmenmas q%r&ﬂtlmﬁ ek ksl KRBT PETESHIE WIS c Ke&tHt 4rdl ih8erfQHanhddh was
[ 0229] The residues changed in

%%g ve. ol ecul es.
dete Y TESEIGHPB QIS HEPRIRg Resembireghpiojen sms pridugedsas described

in ExfpMearved in several famly menbers of KRPs in Canol a,
corn, soy, rice, alfalfa, poplar, tobacco, and the
| i ke. The substitution of conserved phenyl al ani nes to
[0227h| &t KSR and Gro KapDE e tastedefar their abiliey @i 1n]ﬁlBR&e@mebmant

cycli e@@gﬁé‘g fgmgseac%mspl&r.] dlmﬁﬁﬁ (%vafs %rpoief rﬁnb%t?n lolf ’Ehe kmase complex

with an ICso very similar to that of wild-type BaKRP1, 0.035 pg. Similarly, GmKrp2-2 was
also a potent inhibitor of the kinase complex. Both dominant negative BnKrp1 (BnKrpl
#512 and #598) were capable of blocking ZmKRP4 and GmKrp2-2 from inhibiting the
kinase complex. In each case, the protection was comparable to the protection that BnKrp1
#512 gave towards BnKRP1 inhibition. This result illustrates the cross species effect of the

dominant negative Krp of the present invention.
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dom nant negative nol ecul es. [0230] F151 and F153 are

conserved in sone but not all KRPs in Canola, soy,
w@en/01dst at i on of these conserved resi dues i NnPGDYSANE029349

corn KRPs will result in a simlar dom nant negative

024, PR GRS RGBS BRR BA Gove  imt

effecteombother-caess é¢ & JERP f: foefnbbis\4R
(F151a; Fls?%?)l R Tllp kbl HAGH O fdk ‘fsorgum,

sugar (TARs EWgAT bgets,fad dhsohike. mmob&uleeﬁpm&ssqﬂamfspedies along with

nt _cells or ansgeni
otheré @Xtﬁ)‘é élBHedﬂ E}é}%ﬁés%z aselt%cgljpﬁlg?%tgg%t ]élﬁd%)él a\t}g sw}%ggigdles to
demoa&ttalta/ﬁhhanKfpls'#Slm ah&BER 15 1"#50RMak b 8RS %?Pe+t\6ntt}{e \é"fgﬂn}
have a positive dring incluence on the ce cycﬁ ¥1
membeenti on was cloned into a plant expression vector. A
pl ant expression vector contains a native or normative

] i ibed iinventj on
Eam I S oy RS LR R A0 L ominn

negative solecubgseci fi ¢, or gan speci fic and devel oprment al
specifi C. [0232] The equival ent of BnKrpl (F151A;

tatj ons introduced jnto At KRPI using the
lo229f _ e 5%38 1‘ G RaRELL Pm%@e/ibkflﬁml@agnqgﬂm ect are
consefvéd Mses/0fhl RanilyPmembers of KRPs in Canola c&x&%\ %Aqlglfa( %E)Jjn‘

TTCAAGAAGAAGTACAAT
tobacquarp@hg él}m aﬁhe st@ﬁm{np{n pf cqpé@rvﬁiﬁ}sshylﬁlalﬁﬁbs no akathe residues can

bep el?’ rTGTAu CT E%%Aﬂ%ﬁd“fléeﬁ@ fo7 jheingblity to behgye as

dominaatsnegsitvk meletiied. enpl at e usi ng a Strat agene Qui kchange
Site Directed Mutagenesis Kit. AtKrpl F173A; F175A

6 firmed, by sequencin The LFAH12
m"’“#f%ﬁf@‘%‘i%@ ARG B o noGHUBPS Gt sy, corn.
Mutatith I6f
kR AT —

negatiyemymolepders4) was subcl oned into pBl uescript |1
(Stratagene) in the Sail and Pstl sites, resulting in

E Nd ”rmter was then cut from pTG 35
Examld 5, ool bl i PLOTBL L i3Sl el Sl e E' (S conter

mbmwms%msﬁmam FS136153ps di gested
with Kpnl and Notl, pLAYl 12 was digested with Notl

an mas 3 utr. co nen ) and pCGN 1547 was
[0231] %%SSﬁé’Bt Py it FRsuLiver n%& ﬁﬁ‘&o‘@ CXampEey, frPiingislp@nf thes

1nvent1'|@ﬁ ik OUlEREH plhhY Gells 65H! ﬁa%ggénfb ;ﬁ%ﬁtg ﬁ’i‘t_rg%gt%l t&rﬁiqeag Shdogenous

DN-mas_ 3' utr cassette (pTG'3

CDK kinase aafisityn Thicinereasedn tCeDKq kingseBrekivjty (il hidves pcﬁiﬁ%nn

t t.h t1t { 35S
1nclueric\:’:g %g{t}rlé&g{l Ja%l A GJ{hﬁ 1n\f%8 ?Ig%a%ﬁluﬂgi//mtcgﬁ gfm faqe?{ﬂrqs%ﬁg\i\/%ctor A plant
expresilomgmn contirisai wutivg oBAdinBive r@ﬁl%ﬁar 1keB ) th€ o vi@Rscribed

Bed into pTG 271 (35S/ T
1nvent1on romoters can range from strong, weak inducible, tissue-specific, organ specific

and developmental specific.

[0232] The equivalent of BnKrpl (F151A; F1 53A) mutations were introduced into
AtKRP1 using the following oligonucleotides: "QC AtKipl cds F173A;F175A-coding" 5'-
TTCAAGAAGAAGTACAATGCCGATGCCGAGAAGGAGAAGCCATTA-3' (SEQID
NO:66) and "QC AtKrpleds F173A;F175A-noncod" 5-TTATGGCTTCTCCTTCTGGGCA
TCGGCATTGTACTTCTTCTTGAA-3' (SEQ ID NO:67). AtKrpl #359 was used as the
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Bl unt) using the sane sites. The resulting construct
(pTGB29) was cut with Kpnl and Xbal. rLAY112 was cut

wWowandagsho andHM | and r CGN1547 was cut wi t hZpnPCT/US2006/029349
nmdH ndl || and a 3-way ligation was perfornmed. This

. y .
templéfgilgilé\:g?lgtrl(a%g%é. 2 n)%_kc”Kr gkgé Eé:%é@g ﬁégﬁ?gﬁ%gﬁt Yikepl F1734;
TSI O3 AT ASLERBID g\ o i

5' endaf KhqunuipRtLAEAp F(FISAN; BhE5 A6 TENKiGin tPBEpA; FEE5HS)Sall and
Port LEAHRAR o PR R RUEIR 3 4 e DR Gad ShPhed il ugeriot 1

(StratS2eRE)EE TheSh/CARPHIUGHES Tosulifiig 18 fpem 357. The LFAH12 promoter was then
Agrobacteriumrnedi ated transformati on nethod based on

cut fromh g Go¥5S7Maing A%l and BarmHl(anel lieseegd sto ARG 39paesulidg in pTG 361.

. R ' 238 02 ter ki eeds .we
Finall QSO 46 o Wiod iRt o bEA G 5t R it gnc
Bglll GhidsB3 0gLcdnpohbntX apOGReL 347 velis hgstell arittbK; dBdtHI and a 3-
approximately 40 to about 60 seeds per plate. A total
way ligptigippasaerioaned. yThis oryuliedsing IEAH 1 3rév ACKA ode DNpmag Akr cassette
(pTGgg%psformati on construct. Seeds were not fully
subnerged in the germ nation nedium Germ nated
seedlings were grown in a tissue culture roomat 25C,
[0233bn The dphnhenpressioghettdr batainthgBokapt(Fd 51 ADPBBA) under control of

Cotyl.edons we cut just above t api cal rist
the cogHOTRIBT Ry PR ROPHCR e e Grdhe Fs 1B Sriil Mgl
fragm@RNSnidhi 1951 P41 5B c89RaPabadd 8k ¥ B71 @58ERSPO

i medi atel y above the apical meristemregion. Care was
Blunt} uging-thp same sitegr Therashlsing sonsiugs(PliG5R%) Wes ¢usvathpkpnlisnd gbal.

[ farce 1 &g, peti ol re. cut
pLAE A B8Ol SR GATRAATLAR 1S B R3Sl o
a 3-waeligatiot e padoraiedo Thishesaned id 8 QFSBIKADE (OF51A;F153A)-mas3 utr

co-cultivation nmedium Properly cut cotyl edons
cassetis(gAf36 ) easily. If they did not, there was a very

good chance that neristematic tissue had been obtai ned
CanoRBraSel n&Aksy TRESfsmUkse not used. Each plate held

approxi matel’y 20 "cotyl edons. Cotyl edon explants were

I nocul ated with Agrobacterium after every few pl ates

[0234] h dhe devide prdpidrceriole yamety DHIZO07S wag tighsformedowite thed JAR-12

Wiy , { ol
A GSSHLAE IRl 1S BALLA1S1 51 A090 bR BE LR consrc
(also memeditm tolledtivstyl in thisoEAgrpdb actreuthntKrpl iiahegehe Bspression
el ectroporation. Agrobacterium harboring, the t ant
constfkptﬁﬁ Usig Ra dunebagieprEs e diated dirasiptration ferthod PeiRd op thatpf
' | opf,i bl @bt two days
Malo’ﬁ%ﬁ?hg alIOHe S%Wl'TgMin%ggllﬂ ?elaa{y %’%c%tmﬁ’ggg%i expl ants, a

smal | vol une of Agrobacteriumculture was added to a
[0235]1 0 Sterilizedseedsrwrrst germitiateld. onTh & Eviinaskigo & Sleaslg) aeglaavith 1%

o1 85005 B4 5 BB B S g o

plate. TR €otal of approximately 1500 seeds were germinated for each transformation

construct. Seeds were not fully submerged in the germination medium. Germinated

seedlings were grown in a tissue culture room at 25°C, on a 16 hour light/8 hour dark cycle.

[0236] Cotyledons were cut just above the apical meristem without obtaining any of the
meristem tissue. This was done by gently gripping the two petioles with forceps immediately

above the apical meristem region. Care was taken not to crush the petioles with the forceps.
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pl ates were seal ed and placed in a tissue culture room

at 25C, 16 hour |ight/8 hour dark for 3 days. [0238]
wa\baoen1631days, explants were transferred i n sePGT/U§10061029349

to fresh 25 nm x 100 mm Petri di shes contai ni ng shoot

. i nducti dium Thjs medium contai ped a sel ection
Using 6 HPS pl5fe fRIPIDS 65 AHYE: RRHOLSS Y RD PHORBE A cHiPRgtD rp No. 12
blade OCoW1&HRS Wae feRAEIMPX PSARIR 10658 f15R rb?g@-rc{lﬁ%ﬁon %e%igm.

Explfants were kept on shoot 1 nduction mediumfor 1
Propegly tutieofgledots stperate easily, Ifthey didomit) theramtispossy gdod chame that

. shoat ..devel gpnent, .and, sgne .non-}r.ansf or med shoaqt
meris A SO0 BPFLD RHATET IFE PO AP B et Wefo LSRR held
approféﬁl%ﬂg b9 eetyR¥ohd] ?C(Stylé’ﬁ(bﬂ SxpMifls %f&h@clﬁeg&gﬁith Agrobacterium after

ananyci n-sensitive shoots were renoved by cutting
every tfeme platasdlat avede preparaé td aviejd wilking whichl wouldbaee a negative impact on
foll t.rantsferr dto frlesh pl ates of shoot induction nedi um
ollowing stages Af MePRioFal kept on these plates for another 14

to 2 1 days. [0239] After 2 to 3 weeks, shoots that

[0237Ver Blugkk Krgll @2i3gée exptegéionestrube Mk einkreduded ifith 2 gesbacterinm
caont ai ni ng shoot el ongati on nedium This nmedi um

tumefagipnscalerdigberation.o A giobpcieriun hapbpungghomuanidripd itiansgsae expression

' t.ai ; | X i
cons A8 o590 A IR S AR o/ Bl o
28°C.r 86 ittooeldtet o tledontdxphi, £ithillvsluie@NA gfstapgtiamRitture was added
shoots that appeared vitrious were transferred to

to 2 19 g K 38R st dish.nEhs prtiolovftcarh prijargvas dinped éntpdhe (150
. t . : . s
Agt Oﬂrag{et%ﬁle%ﬂ?% @ﬁg‘@‘?&’é ?ﬁ‘ﬁé’é??%ﬁﬂn%%?‘&m D ‘%Ings - Re pg feigi flish. The

platestweaa sdabgdsand fplaced id HtiSus baloirs réoin bt 2B, pb Abwight/s hber dark for 3
same mediumwere required in sonme cases to obtain
days. nor mal | ooki ng shoots.[0240] Shoots with nor mal
nor phol ogy were transferred to 4 oz. baby food jars
[0238)M _tnﬂ&opaayggexg@gﬁm& ARhSLALDG: Lisor T fo 795 ?nf? Y00 ifm
aci d. Any "excess callus was cut away when transferring
Petri dishes contamingrhoptangductish owdsins.oUhid nheslium icontained g s¢lectjoaragent

i finitely tran rri emto fresh jars
0 miJe Rl SnS gt AT A g e/ AL Fhy GeriHEgp bRk faplanty were
transf@Y&Y. YExlav@ewsre kePashlhoS¥iaductiod aesllivid @or 1515128 Mabiad At this time,
fornmed, the TO generation shoots were renoved trom
green calliqnd pgasibly serge sepot develanmeent ard somepep-ransigymed sheats may
r t [ ' | . .
could 6 BRI, Hork SRl th Al e A PR AR S Sl whipe and purple
color.i Raemtyiconsenbitivh shdotsewageearaovedt iy duttngthaml savagend o haaithy-
.is referred to n.eyent. t ransparent  cup_was
looking, %@bwewsf{ﬁﬁsg fﬂ Gespiplatey %frsﬁaotflew@'ag} guedigm. o gxplands were
kept oBItREYE plafesdBLhdoMRE 114 2 PdRe new environment. Once the
pl ant “had hardened, the cup was renoved. The TO

transgeni c events were then grown to maturity in the
[0239hr Sditkiduiad veaelis, Fhoaethabwersl dage gigen in color were transferred to plates

containing shoot elongation medium. This medium contained a selection agent (20 mg/L

Kanamycin) but did not contain any hormones. Five shoots were transferred to each plate.
The plates were sealed and returned to the tissue culture room. Transformed shoots that
appeared vitrious were transferred to shoot elongation medium containing phloroglucinol
(150 mg/L). Shoots that became healthy and green were returned to shoot elongation
medium plates. Repeated transfers of vitrious shoots to fresh plates of the same medium

were required in some cases to obtain normal looking shoots.
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T Event Characterization [0242] The nunber of
transgene insertion site loci was determ ned in each

wWE@®nn1d3ye Sout hern anal ysis. Miutant Krpl transpenes2006/029349
expression in the TO events was verified by Northern

_ O ever e
e ok e R lol SR b it By e Rl i mitn

rootingmeditmyconidinireg p meyiL indode Bietysic aditeAnh@kbdsali
he %@5@{* . Fr ﬁm t hese  dat %Qipt was concl udgd_t ﬁat, ugtr‘}vatsﬁ}l%away
when BPESHOY i ﬁiﬁéﬂﬁo‘? ts copld heppgintaingd dmareindefitely by
transffingithén B S5); a@g{%f;? L3 Ll 5f) TRNA. The
355\an Krpl ™ ( Ff?]é.%\;b -%@%@g@lﬁ?ﬁ%ﬁé&@@wmﬁdy every 6
weekgroni tored in | eaf sanpl es which had noderate to high
| evel expression in many events. The expression data

o TSN B O AT tsnes ona 1
jars, aganedvel BethIhe 1doed Fhd He PB2fleATddsitichYo &?tgipg ls(?lg ¢ %%H

. measured to determ ne.ef ect of nutant
independspleblamlebrepeascny em indsp@ydeht coc @B deiof asertiaf loif Welthansgene

into 0fsh18 LB SR Rah i 1o R s pgnic el mbver the
plantléicfor LK disnglopiBSme pldnesd fbclidaiAoshe Q(}ié Sﬁﬂlﬁﬁlgh?. né‘ﬁ‘c% the

1 Hi st ope ki nase assays are perforned as scr
plant cgedy th cupwasagmoned. aThe ToRransgenic evihtsSdre B, grown to
maturit? 28he iR i sol ved by SDS-PAGE and
}—ﬁll pﬁgfsp orﬁ%gl?(?ghg%gsaﬁcillﬁf;{egd by Phosphor | mager .
[0244] TO plants were successfully generated for both
Ty Evewt Chenacikéripbtiar ansgene expressi on constructs. The

tested constructs included (a) LFAH12/ At Krpl (F173A;
. Exampl e 10.

1 . 5S BnKr.pl (F151A;, F153 ¢ ]
[0242E>< glﬁf:e‘)sngllm%% ?fﬁ‘fwg%le;{g%@&%} s&t[eégmd\aaé@)gﬁ Hefl jn each event by
Southgra erilyeat.| Mbtant RAYOaEXBIRREAN0R In 09 BULALG W PLAIELRS

resent .invention in transgenic plants

of the, .
Northery épaﬁysg & qndegoplg&"l‘ngy. ¥luipat Krpd toansgane-eCPiéssiomdmewere
, v S iti | Vi i,0f |
obtain@Ffor shnble A Boihlin el v hitihcnl 15 Bt St eliaibE S,
From hesgalatesit wes camohyled hias, at teisldeiehgmiengl] ﬁﬁi&%fo%ﬁi&@ nEAgmel s
promof Y55 AR RT R BT (Bl 53¢ ApiRRc Rhe a8Pokip]
(FI51A{F1530) 6a58ns @g;l#e@ioﬁ%@iﬂmﬁ%)% i}iggdffimn{afés At Pnddgrate to

., .an effect on yield, increased seed size can resu
high levelexpeession i gary eventshdhe espresdiar deta daresisratdnhaibbthdromoters

: ofed protein and starch reserves
were FCEAA I AFRHR R Kbl Bor et inat biewenigogyeviens
This can result in earlier germnation and nore rapid
[0243] e dlfingsegaeitivity. cafralsb e gesasirbd td @lerdiifle 8Bk ¥t ﬁlﬁﬂﬂngl(gf 1PbHin
are agronom 02]&{5, val uable traits since they [ead to
CXPIessig en ?‘E@gﬁl"é@ Yl{l% kinagg aqtivity FE@pvalam iamounisof preogein
extractd Hﬁm%%e%& &fa Iﬁ)n%lyafhlggitﬁ{ %’lla%tct{sg e gryceilggﬁcpéjﬂl n?@e%cp ¥or CDK using

w ndow of vul nerab arsh envi
P13Sucd gagin {Upstae,ihdcagoelll)iand Histone kinase assays are performed as described
in example 4 or by Wang et al., Plant J. 15:501-510, 1998. Kinase reactions are resolved by

SDS-PAGE and HHI phosphorylation quantified by PhosphorImager.

D)

[0244] T, plants were successfully generated for both mutant Kxpl transgene expression
constructs. The tested constructs included (a) LFAH12/AtKrpl(F173A; F175A); (b) 35S
BoKrpl(F151A; F153A).
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that can damage or ruin a crop before establishnent.
[0246] Increased grow h and devel opnental pace were
Wo@b®enwsw i n greenhouse- germ nat ed seedl i ngs 0PCT/US2006/029349
transgenic canola plants transfornmed with the AtKrpl
: F175A. dom napt ne

atlve X resskon const r uct
4 P seeds

from each of fifteen i ndependent transfornmati on events

[02459F RapResSloloPthemnkddArbtbifia OF iR TnvaRiBa in i'f@nsgenlc plants will

expréssion construct were planted in Jiff
exert ﬁ.@m effiegts byi elavating eyetingdPRikingseactivitya Thisow H?@Mg @ positive driving

inflacfEH the B e FAEMHRARYY P Gin b raa BB R SRt rgaucine
Krpl ektedsiondsddlsih Ch, SQippiRsink AN cFHRleBlogenBiseK R @k @fltheRmbryo

paral | el . tionally, the untransformed parental
using ppyipyerisd ée@ﬁ@ﬂ agpipash réqsylt%lﬁdn@eqssé seedsize p8¢ crapaielde fn addition to

an eff?c\,’t%ﬂ gﬁel& rlﬁ&ﬁgs%{l B i ?5%}1:% %r[& d&l ?d“\?g&] o%ttﬁéjseted n,&arger seeds

enme constructs were

conta{n%@dtep%ﬁc&mt vhstered pestkia agd etafdh, resdrvessebelbiingd dieing
transpl ant(ﬁd to a field to be grovvn to seed. Each set

germiggtion godisgedling eravdby g ganpeulidn eprlieyesmingsion apdmogragid early
s e o o 0P AR S5 it v

they lesgldd narg saphﬂaestaiuélshmbnﬂ(ﬁ' therarops This lecreases the chaneelst offgsuccessful
crop 1By REminday of WA E Ao TG chEREaAlpaditions cd th like

thatc&aea@ﬁag@r@mlﬁlacﬁfp%rf&%%sﬁbﬁgm@tI ed, ranging froma few
seedlings having only cotyl edons present to seedlings

[0246)V THcreR¢E ?ﬁJwtﬁ Md&feﬁdﬁ?xﬁent%ﬁcé@&’é%ﬂ &édﬁﬁ%r&%h@&% Herminated

variety plots ftell | e of IS range
seedlifis cﬁfetraanw ¢anolatpdartts trarsGemied withothe Atlrpd (EbTRA;rRIGEA) dominant

negat Y SEyeinitn oot IO T oD S D I v fompageds fom

each ¢TifRkR RRPéndeAERASRIBMEBLIR] SlchitsTMAA KDY XF173A F175A) dominant
plantstransformed with the AtKrpl A)

negatiye FXRTEFFON OGSy eveé@@a@fgé ity @ﬁ@tm(euw in {saysaed gernginpfed in a
greenl‘fcflﬂ? Qﬁﬁt&n fgtlqu;e (ﬁrﬁ {Fev e %rﬁirehtsév'eﬁts ‘@#as&?ﬂ%?éé with the

ar ab
wild tjyl&sKRPh @end, Iakso ﬁhdeilmﬁ‘mﬁlrrﬁ'dh@hFAHﬂﬁh)rmtexe twere plhsts@in parallel.
res | nd| hat e sjon of a_dom nant
Addityen :.t mﬁ@%ﬁi@%ﬂ%ﬁ@% apd,a tfalafd 35

tranngﬁiE:'eVerQé ﬁﬂﬁs@)rﬁf&l %1%511}3&9@&6?&@51§Qd %H%gﬂ@@fﬁﬂﬁﬁéts RRfplanted at

0248] Further characteristics to be nitored
the saingdimgde, for exanpl e, preemergence/ gernination
duration, tine of emergence of cotyledon, size of

[0247F OtAfteR date whek¥ro®thl il Séedhhgbew&@@fan@im&i?@ a fdd t&'@&g@ﬂm to

ue | eaf exposure. Rosette dianeter can al so

seed. rﬁrﬁﬁh s 0Ebventy fovapreglingcion ﬁ@PhrﬂmnftW%@ﬁ%asmnandlyldual plot. At
transp%ilfh%‘;on Clla5dE féatchgir B6Bsd (ﬁ%fél%nge“g 11[1'%[?)'“%3 a%gxdg ﬁfe"ggcgdgmgs

ransgeni ¢ and’ non-transgeni ¢ pFants ncl-u
betweémploea( amrbss thé éntize eéedhug pepmﬁtgﬂtbﬁalaﬁdns‘gbﬂeecdmﬁtrﬁdﬂﬁ strg &aried

from f fhéa}l{tp@ out t%)es 1?10hes talT Ir)g\(/: ?oplflenttalll rlgtreog%fesstalhsg vfall‘lgds trangmg from
a few seedlings having only cotyledons present to seedlings with several true leaves. The
untransformed parental variety plots fell in the middle of this range. Differences in the
transgenic plots were construct specific. Most of the plots in the field that contained

seedlings at the top end of the size and development range were plots containing plants
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energe, timng of first pod appearance, and the I|iKke.
Exanpl e 11. Expression in vivo gives better rooting.
W@ 010])63Canol a seeds are very snall, require rECHUB2006/§29349
hi gh noi sture for germ nation and nust be planted
il rAf. L.ze seedling vigor.
rans QU ol AL RAOH (R ER Tr AR R B S pron it
(pTG369)n Othén constenctddid bt st tiswharasieaibti@ith MosBslbls shdWitlg growth
dﬂ%egOdi ng. Ubi quitous expression or expression early In
and deygloptaey sppaehie toor lessthan therntasfomegst nasental yariethie These
1R [ ' - £ON : Lou ronot ers
e LA e o i el ol B BB leh an
incredsnd eerhsgrowtletdte alidiacselonteduevelgpmenta] siewel opment wi | |
benefit seedling vigor by establishing a firmroot
[0248) 2SRy P ARk a ik ti@é)t%sdet}héfni%r«%dai'hgﬁlae, rf&oéxaﬂﬁﬁ e fdran
non-transgeni c plant control. e Sl z6 ofF tRe
emergengelgereninatiopl durdtiony tink of graergenaarf cotyl@lonpareast dotyledon, time of
nont r.ansgeni ¢ .pl ant,. anple 12. Eval uation of the
first AR RS e e o T Bt pratie dlamelep pessalsbe
monifokddiif @aﬂg@m@%@%ﬁhﬁag@m 12fks CORd p '
.Replicated Field Tria s.1 ?02§O]_ I rg%%l iagelgidgﬁﬁ?neal?%%e
monitoredrheleeendhe tinmsizanip nadh pen-trensgeiis iptegtst dndinthelb] foopeingle, time of

r o W/ t ene.under .the control .of th
bud oo st 2L IS BB Feo st gt e Hower o
emergel, tinthg ofl frkispodAghpanacodpad thé lifs.ansgeni ¢ At Krpl (F173A;
F175A) Events to Field Trials. [0251] To events were
sel ected for advancenent to field trials based on a
Examplend disprespiontin viva givgs hettasxgotingsi on and transgene
insertion | ocus nunber. Events with verified

r ' ' f.r.ansgene i.nsertion
0249 AR S St S B B P s el St Fopene
must heoplagted close foi the doit ssfaca ¢ mhxindoRRedligt \p6e SmANRBdsTnd
w th nmultiple insertion. loci were selected if the .
shalloft plantffieangfle the F‘E"Pp’[“i“eﬁ%ﬂfe@ aGigHs strespegFichyis ey foil, and flooding,
Ubiquitoa8 8GRa8i 0B "R @5es96h sENSh réli %e%i%&ﬁélﬁ o AR antl 3G REhtides of
Tl seeds from sel ected évents were grown as
the presept iagentiongndter goopral eff vasings prondoiters wopldatise adEeletatedhront growth
t a .L.ow. twenty.four plant plof.. For .
ond B ReRIIE] e Sedel RatiPh i) o @lepff P it scoding vigor
by estatlphingal firairoot bidesobic? AEQYPERIHITE NegdrtEott A8 hofraddgenic
&I aan woul d produce a distribution of approxinmately
plant eqnjrof, The sizeqfithe fransgerig planis roptsysigeren begempered to non-
transeBSiESl@Zygous plants, and six honobzygous plants. Each
anSgTi g’l ant was individually bagged before flowering to
prevent out-crossing. T2 seeds fromeach of the twenty
ala = £ A s 2 s - \M o

PIG . A GPIE &1 (S 6

[0250] In this example the transgenic canola plants comprising the Arabidopsis
Krpl(F173A;F175A) transgene under the control of the LFAH12 embryo specific promoter
(pTG369) was tested in field trials.

Advancement of Transgenic AtKrpl(F1734;F1754) Events to Field Trials.

[0251] Ty events were selected for advancement to field trials based on a combination of

transgene expression and transgene insertion locus number. Events with verified transgene
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were null, heterozygous, or honbzygous. Approxi mately
thirty T2 seeds fromeach T1 plant were germ nated on
wo pdovete3paper in petri dishes with a sol uti on PCT/US2006/029349
cont ai ni ng the antibiotic (418, an anal og of
cin ncethe lants were co-tr ormed with
exprep i A S SRORESPE SRR 10r0S oL SEE PR PO pe
carricl TOMRAr@ RS FeAfiAY| Ploki¥indihRRS A00Rs Yo fhi A5 HAAlf 180 ere
continue to grow. If all t seeds on a plate prove
selectcdufbhe presepice pUmultiplédanes gavareingh heerdll trpusgend expasssion level due
; ntified as a null line. If all the seeds on a plate
oge égeesmt ant to (41 8, then the T1 parent was
identified as a honbzygous |line. If approximtely one
[02529uaT} SedPfrothlielesRA TR wardBrawe a YGieReEE ] ir{ bé‘;ﬁtla’%ﬁﬁs iGeld

rest resistant, the Tl parent was identi as a
plots. r@care@@}tgtﬂg@lamfnbas aftwostews sventyy faun pleotplgh tE;)rﬂemawﬁh asingle

trans eéc% g}rs% Sn oa%ggzseéx%gétgogt; ggcﬁ%ﬁ%r&sgéfep%r}onﬁ tﬁ? gv gﬂur 91 plants would

produtes istitbutid2 of £RF6Sxihiaey Bittnull blangrlbelihs ety dele, thaie
transformation event were bul ked to generate nul |

heteragygpus aed sixdorozygusmlantsy Fach dir plaa swaﬁ@dlvmtt@llm bagged
befor%qt}tg%&gﬁ?‘kb %Pe\leggétﬁlcr(ﬂgﬁt E[f %tgéds (ﬁforrf Qa%h'%‘tf téf%g’l;ﬁ‘i:Tl plants

nsgene on y| In the TARS
were bavested separatslynas eval uat ed by corrparl ng each

transgenic line directly with its null sibling in the

253} P b e W8S Fhmse PonGhieg it e evenSunerivt 11 plants
were AulE h@t@ro@? ESis bt moAyB6ug) %ﬁ ré)ﬁﬂlaféﬁn%i’)g %‘%e&d anhrégéh T{ plant

are near |dent|cal genetlcally he ‘on fican
were mrﬁmr@teélr@eﬁlt@ peper ip pelsiedislees @ﬁtlleﬁa%)éﬁm@ cgﬁtamm e antlblotlc G418,

an an@’d@é}ﬂ#% %ﬂ‘@és ]]gcl%e nﬁlflﬁtgg"%‘g‘?lgontgr I{Lﬁe%nt? i netgtlfrgfls%‘te gene

as a selecthtlamiatker,winly Eﬁs@éé‘eé@ bagﬁ}ﬁng ihe tﬁhi@eﬁ% Qvﬁﬁm%%lrrﬁﬁlﬁﬁ/hhﬁ continue
transgene. the main objective of the trial was the

to grogg, ﬁgst? ﬁ@éﬁeﬁort Filatepaeneddn %e sensivero Gl rihentbad ) parept was

1dent1ﬁéﬁ hs SRAT KRR r_’[}* all ﬁlegs%élst orpé gx%tect?& Qi sPie t&@@ﬁﬁ then HY P, parent

design gives hi gh [evel eva uation to

was identifiedaastd b:mcbm’gmmet Hé apprexisyésly anequirteoof the seedg emi plate

were S4BRPS BB ARTaS NErE b T, FRER R ERR Y PO Bieye tne.
seeds &dfh WORGXy RO T, FHRchtSfibAVRE sdrRy@AnsRirmaNad sadht RBrettRiel %o
di fferences between overall events or the main plot.

genergto hempzyeops gped rStoa;kg faxdicdd wishtestinge dl2ecdpfram pnld T parents from
the sahl%(ﬁ%h tgﬁlﬁatﬁ)?lr % bﬁfk@h 'td fa?é/ fnﬁfﬁﬁhlﬁﬁo e?& peR f}gt ﬁcL;lg trial
pheno e a ons

ypes un ran env CORd]
testing.n mhlch canola 'S typlcally growmn. At all Iocations,
each transgeni c event was physically paired with its
. | | si.bling in adjacent plots. Each plot pair of
Fleldﬁ%@%@w and null siblings was replicated four tinmes
at each trial location. The | ocations of the four
[0254] epihecetett ¢t the ABREPFISE1 T3 ARETS A)lttaRbgehB b8 yicANEMH v the transgenlc
distributed at each trial |ocation. Plofs were 1.6m Y
canolaglines s sV alnated by comparing¢ach trehsgenic line directly with its null sibling in

the field in large scale replicated trials. Since the null sibling arises from segregation of the
transgene in the T} generation, the null and homozygous siblings are nearly identical
genetically. The only significant difference is the presence or absence of the
AtKrp1(F173A;F175A) transgene. This near genetic identity makes the null sibling the
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approxi mately 142 seeds per square neter. Plants were
grown to maturity using standard agronom c practices
W(by(mﬂ/@amsto conmer ci al production of canol a. BEx@npEm06/029349
Increased Yield In Transgeni c Canol a Expressing

Y o T

main dﬂjé%hde bf eledridlnviaalthd @maddrion weme tiafighieMicOia ifovn Aipéneastoats null
a conbine. Total seed yield data were collected

segregast 8 emlatl plefelegigndiag shosga, a"hxsébag@ giviedh bighrlevet ofiewaliation to the

f h
1nteractt1$>?1§}eﬁva%ﬂ él?é 19%1 cgrﬁé 12&’1?({#?%1{ gé}lfig ?@Jeﬁ %ﬁ@e gﬁeag&es between
transgérﬁ@ hubp@dt@b&lv&bzs evdnts(@f inteeattialy 9Psibplot bRl Wamk gletyead & tbwer
he nmean of the total yield fromthe four replicate
level 0;5 pmlgatmn tofke @%@@%&WW querplligvenig of theanainplos

conpari son was used to evaluate the effect of the

[0255]@23 eH a?Sr om eac‘ﬁ’@e ta{‘t ﬂ—gﬁ%? ﬁcgﬁ%ﬂsgd%lﬁjlg? ﬁlIgg)C at | ng mvc\:/gsr té)

assess yixid phawtypes gndee tlerangy mﬁslvhombmamaﬂmsnsnoﬁm&h eanola is
ffect qf fhe AtKrpl 173A, F175A e qQn tao

tvpicalfi o St all laselipas irendiimq reat i R RaRceted valfEys nul

mbhn% #ia@jactBGAGts Afhch %[d?"pﬁitr %Ph&rﬁ@zy%%ﬁé SHHRIM 51 {ngd- vJaE‘ E&ﬁl’ﬂ&’k&' four

or significance fw or differences in total
times afeach gnaélcntab@t ibe dabomzqu Bur rqvhs@eplotpmrmsadnt@al were

randor}g‘{gf}é)?)tpp Wl i}?g%;oc@g{ %ﬁl)tls 'I‘;%g%{ ESﬁﬂ{ %gla%ted at a density of

apprO)ﬁﬁlaidySMZ?éﬂeﬂypéiHSQﬁHIé hfeBsr! Plaits KRASSroivi 16 Bladirity 86fg Yiaeddld
are summari zed in Table 3. These results denonstrate

agronaIpi§ Pragiegs fé’Rﬁ?ﬁ’e‘Q@@W%‘f“%ﬁRﬁ“ﬁﬂ@Fff%hl?SA) usi ng an
enbryo-specific prormter (LFAH12) results in increased
Exampled3. \Ihereasedficld I Transgenie Canola GxptessiegMtRrpd{Fd 73 AF175A)

%%yogﬁg\?eléa‘tng IU(SEI:UF'@-,E% 7S%A);1ﬁe e Siels€! ative to

Ter - not ST bt T1g |ue;~,acs1lebtlca||y

nificant (P.=_0.05%) [0258] It is er st ood. t hat
[0256}; Aﬂ péots pkfiash %ﬁ@#@a@ﬂ%@ﬁ% ]“@é%@ﬁwﬁ@fjﬁ éwaﬁﬂedawgﬁ fgpmbine.
Total éeleh ?%id &ith VRrPWIROSESs R)@Al%eél‘ﬂge dé?erd' stur% céontent from

I cations or changes in t thereo
each phug festedy tranggenis @m&tsﬂ(eaohédalg ﬂletrimnamf theetntal viekd from e four

. i.ncl ud hin the |r|tand i .
repicaolfonh bty By HEpBHR T efonile Bigyicld from the
four ra%!ibétb 9@)&5 SMthe afdatiart swll %ﬂﬂm@ aine n‘l‘hﬁ&l@h@@zﬁoh% webd Rckvaluate

erein are hereby incorporated by reference in their

the effeeitof tles Aderpl G 7ANF178Ap brsge otad sendaiglDReslts fronppach of
the md&ﬁ;ﬁl g %ca%ﬁmgrepéoﬁl%ne% §R%|a¥1 gﬁ)ltsée gg%scagl%gfs D B efflct of the

am no aci d sequence ha
AtKrp @178 AGATSAN traeisgénem tbial ﬁaedﬂyieﬂid y&atlﬂicalﬁna@lﬂs of variance at each

... polypeptide, said wld-ty ptld i.Si ng
trial loe%t}onapemga&trq wwaanﬁg?nf%%q@mb f %Wl PSR @ 7 3{?5 >) for
differedbdd iRitdtd1 Je‘ag y?el«fb’é’clwvé }}ég) M BRlsNgd RS A siblings.

conferring ndi ng a Inity for a ;
[0257] The transgenic AtKrpl1(F173A;F175A) canola lines that showed a statistically

significant increase in total seed yield are summarized in Table 3. These results demonstrate

)

Durmé

that over expression of AtKrp1(F173A;F175A) using an embryo-specific promoter
(LFAH12) results in increased seed yield.
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10

wherein said at |east one nodification is within the

CDK binding region so as to confer, relative to the
wowdodoteppe CKlI pol ypeptide, a nodifed bi ndi ng BET/U8100§029349

of the nutant CKI polypeptide for the CDK; wherein the

Tablcf'g t(gt[&itn\g/ée:lﬂt tgPa;P hé’éﬁ:ﬂﬂg%?h%g %g@%&ﬁ Z?/?,hplﬁ]éts relative to

their mflk §iblings. Alrvahiee axeysuiusncallgrscgnvﬁteneqpn: bos) mut ant  CKI
pol ypepti de can conpete with said wild-type CKI for
bi nding to the CDK b|nd|ng reglon 2. The mutant plant

Bveht PO ypegtiﬂﬁmﬁeru arm .ET V\nlcén? A 2? ﬁr;‘ %A}’;é{il(imrease
R P’ﬁ ‘Z'Tha Ut M1®I7§B£ﬂ7m Vb%%tl de ﬂf

7;(?3 ?43’9 wHeBARI2 oi 4 kR Atkap] (1 7aAe75A)| 196 assi ca
TGA932 A aHi IS t hal i anAtKrel (Fi 73 FesA) nd.ae,

wheat, rice, alfalfa, cotton, or poplar I

polypeptide 4. The mut ant plant CKI' pol ypeptide of
0258F [tds ThderstdbEihat th L
[ Rra |dopSS| s or .e%?as %@JK%@J F@gg%t oi‘&1 }?egemﬁefor
ﬂlustrﬁﬁ}teatmpqspamly@nd tlm Wgapcepmmﬂeﬁ@nom @i dim@ges WhBglRiterediviill be

t
sl LR LA A b8 o o
this aﬁanaKRiﬁl a)nd sbopeldfahetbAledd]Ats. G pdPLURR Qtﬂag&tsgmg?ﬁﬁéﬂp

conprises at |least two modifications

aPPhCPtFﬂ%lS r%ta‘il Berewgire Beysby, icarporatedsb refereniedss thtieniififenfor all
purpodEassi ca KRPl (BnKRPI). 7. The nutant plant CKI

pol ypeptide of claim5, wherein said at | east one

nodi fication conprises an am no acid substitution. 8.

The mutant plant CKI pol ypeptide of claim?7, wherein

the am no acid substitution is a non-alanine to

al ani ne substitution. 9. The nutant plant CKi

pol ypeptide of claim 7, wherein the am no acid

substitution is a non-conservative substitution. 10.

The nmutant plant CKI pol ypeptide of claim 7, which

conprises at |east two am no acid substitutions, each

am no acid substitution being at a position

i ndependently selected fromthe group consisting of:

(a) a position corresponding to am no acid 145 of

BnKRPI ; (b) a position corresponding to am no acid 149

of BnKRPI ;
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(c) a position corresponding to am no acid 151 of
BnKRP1; (d) a position corresponding to am no acid 153
W@BooBkRP ; (e) a position correspondi ng to anPCDUSZNE029349
164 of BnKRPlI; and (f) a position corresponding to
WHAMSCLAGVEDIES of BnKRPI. 11. The nutant plant CKI
pol'ypeptide of claim 10, wherein one or nore, and
optionally all, of the at least two amno acid

substi tlut i o uoletadomuainaplamdllibpoéymphdremmpnsmg
ant CKIl _pol ypepti de

of ol gfaﬁ%ﬂr‘(‘\ﬂhéf’@ Shansee ?thﬁgr;ﬁt‘tég lsb?ﬂf Bedifietiigirglative to a wild-
type plinttCIEI wolypepaasd, shﬂﬁmﬁﬂt}{ﬁg tCIfK(;I rg)@ 5}? %}h@lﬁ% t(§nat cyc lin binding

. nhon-conservative substi
regomnfg@ng@gphmgj@fﬁmty &9raa eychn andw@)b e |CﬂDI<é hmdn@tre@@ﬁ%bni@ﬁﬁlg

within the KYNFDF notif. 14. The
bmdu?%?ﬂﬁk{t‘y;?# ag(?D%KI pol ypepti de of claim 13, V\,hl ch
COTTDTI sefereid sdi¢ asleadt Ve MREiHchiGa ik Yihir ﬂl&@ uehr \@%Qﬁ SO as
15. The nutant plant CKI poly tgeptl
to co ar, %@’Péﬁ) thegwilditype G ynepisdaye diddifed binding afﬁnﬂuy of theexutant

CKI Hd EORPpri se am no acid substitutions at
p}6165!’:@:oénrfs-(}}corresbondl ng to am no acids 151 and 153 of

BnKRP WhGreuil'ﬂne nintht CK Ppodyepfidd suagbmw@tmﬁﬁtaﬁfs ©lafivBYo the

st one of the am no acid
mld—%%g:ﬂi] %f {’m we mbeW@CE@%é@bondl ng to anino

aci ds %@reﬁf‘ﬂ&e %ﬁﬁa&fC@m ﬁ(?e ?xp@t{egﬁ NG wﬂd-type CKI for

al ani ne substitution
bindingdp fheEDKdunding tégivrm 16, wher e| n each of the am no
acid substitutions at the positions corresponding to

am no CI ds 5 nKRPI a al anine to
al ani n e su bTﬁg%m?angﬂl%nfi%ﬁ R‘ﬁ gﬂfclmﬁ{w@@m said wild-type
plant ORI yplgpéptide isod KT Adlated rotedd g(RP)"faﬁa'il l&aserone of the

am no acid substitutions at the posi t| ons
corr espondi to am no acids 151 and 153 of BnKRPlI is

a substitut fanb g Rbralxpaptide etelaim %xmdlfmm shig KRP
fannIyQ’ﬁéthéiQS @Wr&k@zcﬁ%aﬁus ;ﬁabzzﬁzm&ﬁd}} 3h/%51% W%emglrﬁeh%heat rice,

peptide of claim 18 erein ead

alfalfaaﬁqtéms@mﬂ&rlﬁlﬂm@ympndme posi ti ons corresponding to
am no acids 151 and 153 of BnKRPI is a substitution of

an ani po a ' n si.t el C ed. ani ngo aci.d.
20, Tt el PetRES ot GRS 2 ihegive St Krp
familyahexhives laal,umbwpsfmatmssmmppa e%ﬂd@m no acid
n

substitution at a position corresponding to am no acid
149

5. The mutant plant CKI polypeptide of claim 2, wherein said at least one
modification is within a region corresponding to amino acids 145-168 of Brassica KRP1
(BnKRP1).

6. The mutant plant CKI polypeptide of claim 5, which comprises at least
two modifications within the region corresponding to amino acids 145-168 of Brassica KRP1
(BnKRP1).

7. The mutant plant CKI polypeptide of claim 5, wherein said at least one

modification comprises an amino acid substitution.
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of BhKRPI . 2 1. The nutant plant CKI pol ypeptide of

claim 20, wherein the anm no acid substitution at the
wWEo®TMiam corresponding to ami no acid 149 of BrKRBPE2006029349

a non-al anine to al ani ne substitution. 22. The nutant

pl ant CKI pol ypeptide of claim 20, wherein the am no

acid supsti tptd foLl C ' . .

ot oL A R p AT AT R O b8 i aci
substiutibat is tautoheakani®So aknmensubsititionl ant CKI  pol ypepti de as

in any one of clains 15 to 22, further conprising an

amno acid bsti tution at least one of (a), a i )

position cortt %W%“iﬂll@tngé’ﬁ‘iyﬁﬁp ioécm 70?"{’_91@?1@#}3 amino acid
substbr(i8h BnRBfsdARe SHskREBANDI Ng to am no acid 165 of

BnKRP1. 24. The nmutant plant CKI pol ypeptide of claim

23, wherein the amno acid substitution at at | east

one of 10a) akh¢ nuyntiptan CKJ polpeptidesfichiml7awhivh comprises at least

I i on.. 25, 7 . . pol d f
AT R e I NS TR R —
selecte@ &ivin thegr&ip doasis f{b) is a non-conservative

substitution.  26. e nutant plant CKI pol ypeptide of
cl ai m 18) a pafitian copsnondiag teammneiastsl kS6iof BallRAL; t ut i on

at eac . The t CKi

pol ypeg?f%%éﬁonyagﬁeé@g{n% grpélona%t&a ogﬁin?ﬂ%?lam no

aci d s\fbst pdsitionansregiondiag tandinbbikid 5 1afBARFEH1ANI ne to
al ani ne_ substitution. 5,8. The_ mut ant_ pl ant CKI

pol ypegﬂ ROSHHONJOLEFROBING i amimorpcisb b SBoKRY lani no
acid s j j ; . : .

non- conDarboat iR Relonil Mo Jhid fuDERIKEEL md,
CKl pol()pawsitive cagesponding tcoangino hicid| 185 w BAKR®128, whi ch
is a nutant BnKRP1l pol ypeptide. 30. The nutant BnKRP1

pol ypepti de19f cl ai.m.2 ich i BnKRP|, F151A,;

F153A: H:‘ 2) A 't%\t(@i’ﬁi?%%%&?mﬁi %%Q,ﬂm% g& Whfigipione or more,
and ofitididBy aMAEIGHe atdeast Yo BnIBRLidREBAtidnd 2@ NonEl &A% to alanine

WL65A, 31. The nmutant CKI pol ypeptide as in any one of
substififfion(®). 1 to 5, wherein said at |east one modification

conprises truncation of the CDK binding region. 32.

;':]teag?tl %2 t(R?%E nRAnY BRRE CRE pSlyp&iidl BF Shim Y6 Wikkedif ofte or more,

and optionally all, of the at least two amino acid substitutions are non-conservative
substitution(s).

13.  The mutant plant CKI polypeptide of claim 5, wherein said at least one
modification is within the KYNFDF motif.

14. The mutant plant CKI polypeptide of claim 13, which comprises at
least two modifications within the KYNFDF motif,

15.  The mutant plant CKI polypeptide of claim 14, wherein said at least
two modifications within the KYNFDF motif comprise amino acid substitutions at positions

corresponding to amino acids 151 and 153 of BaKRP1.
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pol ypepti de. 33. A reconbinant nucleic acid encodi ng
the nutant CKI pol ypeptide of any one of claims 1 to
W@ 20078463197 vect or corrprl sing a repHcon and t hePCT/US2006/029349
reconbi nant nucleic acid of claim33. 35. The vector
of clai m 34 which is an expr essi on vector further

corrprl ion O Jinked to th

reco rrb ant Q‘Hg LED { §ﬁk g@yp 8&%11*‘ %gbo‘gh‘i?@!?t%ﬁagfone of
the alﬁllna 'a@ili%ﬁbstifﬁ‘tﬁfn@ 'af‘thb h8siRbRBRBEpon R mhﬁlo%ﬁfsqgh &nél 158 0f

p ant . he expressi on vector of claim

BnKngsemnnialwmrtombmmesub&jmﬁmnconpru ses a CaW 35S
pronoter or a LFAHL2 pronoter. 38. The expression

vector ;9f C im5 in.the.aro ter ion is

tr ansml?pt i Eﬁsm‘w‘%@p‘?‘ggﬁ Rc’lgp%)t@ 8& crein cach of the
amind4c@BEUbSRRELAY & thepdbiths cdPespbndifisio e@ﬁhb aSia§Ps1 Sddb3tdre

reconbi nant nucleic acid of claim33. 40. A host cell

BnKREdrip p pep-glpninedo phgingrsubftiteiop. one of clains 34 to 38.
41. A nethod of producing a nutant CKI pol ypeptide,

sai d hod '
ol aim g or T‘}}gﬁgfrt] Hl%% %fé%&lg]?éﬂ 5?%@?% \ﬁl?érl:m%{ least one of
the ammp aeidsuhsmtmﬂonls laetha posittois caaktshoadingdo mgniolmﬂmm abhd CB3 of
etlde . The met od of claim4]l, further .
Bﬂlﬁ’gﬁ%g @Brﬂ%o Wt AR QAROSERY %@gy(gamoopél -43.
A transgem c pl ant conprising a transgene encoding a

nut ant 16K gak YRe: hiat Cﬁﬁb&iyﬁgépﬁﬂé @€kt P8 er‘ierem each of the
expressing a wild-type CKi peptlde said w | d-type

aminaGid gistifveipny aj:éh@mﬁpi?fns po@esp?) tvmnmn a@dﬁ &5 h%ndr K9 an
T N T L e

wherei n said nutant CKI poI ypepti de conprises a CKl
am no 26i d ﬁ‘hquamﬁeptaavCKgp@lypépelasbfmyeoﬂHnﬁcldmauBaxn19
relati.ve to a,reference CK polypetlde

furthef Gorgp A B P I LREH P RoFBah PP RGng o pino acid 149

of BnRRP$i sting of (1) the wld-type plant CKI pol ypeptide
expressed by the transgenic plant, and (2) a wld-type

CKI pol ﬁpeptl de heterol ogous to (1) and capabl e of
provi d2hg wlhamujass piart CRLpeypeptidesof pliaim 30,cehareipfthe 4raino acid

substﬂrlﬁl%ﬂ‘i'lgﬁl%'p%sﬁoﬁ‘ %nés%ﬁ&lﬁ‘g 0 a%lnhg acid 149 of BnKRP1 is a non-alanine to

alanine substitution.

22.  The mutant plant CKI polypeptide of claim 20, wherein the amino acid
substitution at the position corresponding to amino acid 149 of BnKRP1 is a non-

conservative substitution.

23.  The mutant plant CKI polypeptide as in any one of claims 15 to 22,
further comprising an amino acid substitution at at least one of

(a) a position corresponding to amino acid 164 of BnKRP1, and

(b) a position corresponding to amino acid 165 of BnKRP1.

24.  The mutant plant CKI polypeptide of claim 23, wherein the amino acid

substitution at at least one of (a) and (b) is a non-alanine to alanine substitution.
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equi valent to the wild-type CKI function of (1);
wherein said at | east one nodification is within the
WEDH7163dd ng region so as to confer, relative POI/UN®06/029349
reference CKI pol ypeptide, a nodified binding affinity
of the nmutant CKI pol ypeptide for the CDK, and wherein
t he nutant ' . i al: j ' g .
ol ati o6 t o b ABR CIA aPRBANS Mo WA B amino acid
substitafibh Bi 4tYedkDdnetof€a)and (b)ris a Adn-cIieriatiaansubstitudopl ant of
claim43, which is a nonocotyl edonous plant.45. The

transgeni ¢ pl ant of .claim 43, which,i . ;
di cot 32@don mB'ianrRI?‘nt%{T PP&WF%%%C@W?% Phigh comprises an
. al . of [ , wherein said reference
amino 4g) S‘E‘E%r@%%‘ﬁ%t?é??@a&%@r elated przt ei n (KRP) family

menber. 47. The transgenic plant of claim46, wherein
sai d KRR f aihd muteetpient GIEI polBreatids efclainpifs wherein each of the

amino e REpS b ) 67 Cp it S ERaB b FEnf Fapstiifgh: 7,°

transgeni c plant of claim46, wherein said KRP famly

nmenber28 s arkRRhtaROpIROKI sigypepfide dhdaitn 26) s@Rvic eghafthe
~of claim46, wherein said at |east one nodification is
aminowgcidquhstiutiensia () abd (D dpHRRN-POISEY2RYR OSIHBHL 145-1 68
of Brassica KRPI (BnKRPlI). 50. The transgenic plant of

cl ai m 49, ' ' Bhé 8€claims 4 to 28

conpr i g%s 2{[‘&{@3@@@&% én%%‘?‘? %pcegﬁ%%ghwm?hi noa ?lé?:jsi on
whichdos masgn BaKRP 1tpolypepiide. aci ds 145- 168 of Brassi ca KKPI

(BnKRPlI'). 51. The transgenic plant of claim49,

wherein,.said. at | east di f.icatipn lses an
2 no 3¢ o Shpoeiea prsRPT g3 benndRr Lnaf Whish i, °or
cl ai m i) Bnrarier s 1Ahe199A;N0 acid substitution is a
non-al ani ne to al anine substitution. 53. The

t r ans gENBRKRANY 149A; d1a1 4 BL5BA wherein the anino acid
subst i pytd ' u futon of an amino acid with
an opp@i% e: y lﬁgﬂéé?‘s’gdrﬁj&ﬁtgkaci d. 54. The transgenic
pl ant ¢f) Bk HIS 1 AnRes 34 E1Sdidg Wit65lAeast  one

nodi fication is within the KYNFDF notif. 55. The

t ' t i m 54, wher e i.d, mut ant .
1 ano0ept & Bhanttl B B S H B SR A1 5 e
said aMehdtofe tRRI AR orimskd trufBtiod BEtht CINIG BRIIE oAt  of

claim54, wherein said at | east two

32.  The mutant CKI polypeptide of claim 31, which is a mutant BnKRP1
polypeptide.

33. A recombinant nucleic acid encoding the mutant CKI polypeptide of

any one of claims 1 to 32.

34. A vector comprising a replicon and the recombinant nucleic acid of

claim 33.

35.  The vector of claim 34, which is an expression vector further

comprising a promoter region operably linked to the recombinant nucleic acid.

36.  The expression vector of claim 35, wherein the promoter region is

operable in a plant cell.
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nodi fications within the KYNFDF notif conprise am no

acid substitutions at positions corresponding to am no
w@eiod®16881 and 153 of BnKRPI .57. The transgeni BCPUS2I6/029349

of claim56, wherein at |east one of the am no acid

substitutions at the positions corresponding to am no

aci ds 1 Egﬁp [ b BRomhé

al ani n%?sug@ﬁ %"3’?65%11@ #C!l ?ggggg%@ﬂp?ant grreglon
compriSedh WabTV 388 pre@idierarafLFofH hmomwiano aci d substitutions

at the positions corresponding to amno acids 151 and

So. ThaS r akReRE R ARLOOT A 19 SRS F SRp-dr el

M@ the positions
transcﬁgt‘?orﬂil %Etgvcﬁma? %S%?nhﬁdc{ aci %dsgﬂ%il gﬁﬂ%s of BnKRPI is
a substltutlon of an amno acid with an oppositely

char ged9.ani Adwaicéell.cosPrisifp thetreemshjaamit auglereracidotf cdite 33

59, wherein each of the ami no acid substitutions at

the pogjtio C espon |n 3

of BnikiBl i & hesCPRROR B ool o P ST chiths 3R, 3%

oppositely charged am no aC| d. 61. The transgenic

pl ant af, any medRodbf mbaicirs Hfiutant 6K pulypeptide, taitemethod

mut ant CKI pol ypeptide further conprises an am no acid
compE§iBSt i t uti on at a position corresponding to am no acid

149 of |

wher of SR E e Bt oA G ddiRBRE N0 Ront b flaflctor
expressivyy efhonatileig a¢id easriding the mptabt OKd poBpkptide. i s a

non- al anl ne to al ani ne substitution. 63. The

f .
Lranoga! MRkt LB e BiRSoAPkA AF fn

CKIp% 449 of BnKRPl is a non-conservative substitution.
I‘1)'he transgenic plant as in any one of clains 56 to
63 wherein the mutant CKI pol] ypeptide furt
conpri 48s ar BEISESUGRIRY COMPSEIB G FATRERe eﬁ?oc{]‘%%?m@ﬁ&cm

polyp%?]ttéﬁp au?tr&gs% lg)b Bt & (%518% Q%lﬂﬂteygg CXTigefypaptide, dAd wald-type

a position corrésponding to amno acid

CK1 pb@@epﬁd&ﬁﬁﬁiﬁﬂsmm) a @némfonra}mwgloo qgn&mmg)bm@ﬂna effingly, for a

cyclm( aé;‘ir@L gbpg}n%%ﬁgﬁﬁ g?rg ubst lbtngit | O%r'ﬁ or aI (,eﬁﬁt wﬁ&gmosfald

mutant ‘(ﬁéﬂﬁoﬁﬁeﬁﬁﬂ‘e &fnprise@a CKARGHR MdEd ﬁHq@&icleavmgat Teagiéne
wher ei n e am no acid substitution at at | east o

ne
modificgfion nelativs)tojagetzranen CES relpeRtidey iR eRcE K BRplyRgptide Selected
ﬁomég?gr%uéa 0%%3@5% 1pl ant of claim®64, wherein the nmutant

(1) the wild-type plant CKI polypeptide expressed by the transgenic plant, and

(2) a wild-type CKI polypeptide heterologous to (1) and capable of providing
wild-type CKI function within a cell of the transgenic plant substantially
equivalent to the wild-type CKI function of (1);
wherein said at least one modification is within the CDK binding region so as
to confer, relative to the reference CKI polypeptide, a modified binding affinity of the mutant
CK1 polypeptide for the CDK, and wherein the mutant CKI polypeptide substantially
maintains, relative to the reference CKI polypeptide, binding affinity for the cyclin.

44.  The transgenic plant of claim 43, which is a monocotyledonous plant.
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conprises an am no acid substitution at each of (a)

and (b). 68. The transgenic plant of claim®67, wherein
we@2mh/oof31a he am no acid substitutions at (a) aPdr/(83006/629349

a non-al anine to al anine substitution. 69. The

transgenic plant of claim67, wherein each of the

am no g&i d ?H@ﬁ&dsg&gé GHleldi)432R8ichdd a bRoBledonous plant.

non-conservative substitution. 70. The transgenic

plant as in any one of clains 46 to 69, wherein the

ref er efice CRie palsgpepplaticsiis asy GrecHiRlaips Ui e A3, wierein said

The ansgeni,c. pl.ant of claim erei n the nut ant
referepgg) C‘%%W‘%ji%ﬁr‘fl%* 3 K1 rglat n (ﬁ?i%j‘qmﬂ gbf’}&lfbe{'z) BKRPI
Y149A; F151A; F153A; (3) BnKRPI E164A; WL65A; or (4)
BNKRPI 4F:151%he fradegéic Eﬁ%cléﬂh@%ﬁwh&%in SEREK R PS¢ Aetnber is
plant as in any one of clains 43 to 49, wherein said
a Brasgicalnepss, Avtiadensisithalicmo; Glvcineimsici maizes Whaeb giceonifadie, ¢aien, or
bi.nding . region. 73. The transgenic plant of claim
P"Pl“s‘g&%‘g?"éﬁhﬁe-t he reference CKI pol ypeptide is a BnKRPI
pol ypeptide. 74. The transgenic plant as in any one of
cl ai nB483 t The/fansgdtiic plansofoblimctte wheretmsaihERFrfomdy member is
consi sti.ng of Brassica napus, Arabidopsis thaliana,
a YReeUfax, nmize, wheat, rice, alfalfa, cotton,
popl ar, and canelina. 75. The transgeni c plant of

clai m 44, WrhEhadsgesi®pREE SL1diMQIB, WBrelt QiPatd8BbSE | NY
of Brassica napus, dycine max, and Miize. 76. The
modificatiors igeviihin plregion esfrrespernidingts amigeacidsl 45h68 aftBrpasingdlRP1
Bk K|\ pol ypeptide is an Arabi dopsis thaliana CKI
(Bn p&‘/pepti de. 77. A nethod of producing a transgenic
plant as in any one of clains 43 to 74, conprising:
i nt r ode@.i ngThéiransgenit phaht 6f olemi 49y, whersr sadd mytanh €KI polypeptide
transgene encaodi ng the, nutant, CKI pol ypeptide. 78.
comprisee b 8% v G ieeHoRs ISR AdPRIO POSTRSPoRU oARine BFifs fis-165
j i1h dt ype CKI pol ypeptide, said wld-type
of Br ?agﬁ?ylggptl elb'con'pri sing (a) a cyclin binding region
conferring binding affinity for a cyclin and (b) a CDK
bi ndi n§l.r egiTbaitransgenie plango%ﬂaim 49 wherein said at least one

modification comprises an amino acid substitution.

52.  The transgenic plant of claim 51, wherein the amino acid substitution

is a non-alanine to alanine substitution.

53.  The transgenic plant of claim 51, wherein the amino acid substitution

is a substitution of an amino acid with an oppositely charged amino acid.

54,  The transgenic plant of claim 49, wherein said at least one
modification is within the KYNFDF motif.

55.  The transgenic plant of claim 54, wherein said mutant CKI polypeptide

comprises at least two modifications within the KYNFDF motif.

56.  The transgenic plant of claim 54, wherein said at least two
modifications within the KYNFDF motif comprise amino acid substitutions at positions

corresponding to amino acids 151 and 153 of BnKRP1.
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affinity for a CDK, the nmethod conprising: expressing

within the cell a nutant CKI pol ypeptide conprising a
w@kilo7an3mp aci d sequence having at | east one PCT/US2006/029349

nodi fication relative to a reference CKI pol ypeptide,

said reference CKI pol ypeptide selected fromthe group

consi st.,ng ' YREsd! : Lde:
expr esgzd w%ﬁf’f#stgﬁ‘gﬁ%‘k?f‘ge ?&a“?}%}e( lg&%b%{%’%%gﬁmo
acid sGldiitRing REME Fadﬁtidnﬁtoerred:pmgdimg t6 amfub)acaisd 5¢ apd b5 oHBnKRP1 is a
gr oviding wild-type CKI function within the plant cell
non- tamammmsybsgaﬁwvm ent to the wild-type CKI function
of (1); wherein said at |east one nodification is

Wi t hi nsghe ?Qﬁtr%sg%@ 1€ QRnS97,3%heln 6 Flthe amino acid
fe

relative to ther rence CKI pol'ypeptide, a nodified
substiitivais agthabbsitiérs\conéspphdingid amino@ddsg6l wpd b3 ofeBilERP1 ksea non-

. CDK, . and v%]er ejn the mutant CKI pol ypeptide
alaning fp alagieisYPIPUORI nt ai ns, relative to the reference CK

pol ypeptide, binding affinity for the cyclin; and

al | ow g, sargle RahsaBhic pidnt BOEBEDS, viRrdi® af 1845t Bhé of the amino

wi | d-type CKI biological activity within the plant .
acid substitutiGis at the@osttiensogrigsposiding e ABINARdselioh 254193 of BuKRP1 is a

w58 TG PR AR g

wherein the mutant CKI pol ypepti de antagoni zes a
pl ur al iG0y ofThe ndaxgenio piankKRPclhianb9,ywireeeib each ofithdraminphaeid

o b R RE T S A0 B SRR

| i ana, i ne; MR pti de. 82.
subst{?;ﬁ{e’dﬂ nﬁhﬂo oc])! Qdétf‘%_ltﬁﬁﬁ opPbsittBl F8rdetbn®) MREP

alm 79, wherein said KRP fam |y nenber
is a KRP1 pol ypeptide. 83. The nethod of claim79,
wher ei blsai dhatrahsgasic plans ofieitl guecadtclaoms P& tapQ, Avherein the mutant

regi on.cerrespondi ng. t ' ' . 145- " .
cxt oS RIEF Ol o SR Bt 519% 5 sompponcine
amindBeidaido of BeKRet ant CKI pol ypepti de conprises at |east

two nodifications within a region corresponding to

am no aci ds 145-168 of BnssicakKKPl (BnKRPl) 85. The, .. .

met hod & | C|”éqe,§qagg%enwpéq1g 0 clgglp gf,a\?/lgqrgggge %Wgo.acld stbstitution
at thd PRRitfoh CBHEGRBNGRFRS Ariiad 2872 1Y ABRHIY i5 HRGA alddireqd alanine
substitution.

63.  The transgenic plant of claim 61, wherein the amino acid substitution
at the position correspondin;g to amino acid 149 of BnKRP1 is a non-conservative

substitution.

64.  The transgenic plant as in any one of claims 56 to 63, wherein the
mutant CKI polypeptide further comprises an amino acid substitution at at least one of

(a) a position corresponding to amino acid 164 of BaKRP1, and

(b) a position corresponding to amino acid 165 of BaKRP1.

65.  The transgenic plant of claim 64, wherein the amino acid substitution

at at least one of (a) and (b) is a non-alanine to alanine substitution.
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86. The nethod of claim85, wherein the am no acid
substitution is a nonal anine to al ani ne substitution.
w@Z0070hs19et hod of cl ai m 85, wherein the am noP@EDUSR006/029349

substitution is a substitution of an anmino acid with

an oppositely charged am no acid. 88. The nethod of

claim &3, Wekeifsgeaichlatt of & iifd b 3Bidl ituti

within the KYNFDF Bl 89 %g@’@%ﬁﬂgéf&@ﬁg%%dgg?smm
at at lgpsh pug of Gehendyhd i naprgonprsvativestibdiduticonpr i ses at | east

two nodi fications within the KYNFDF notif. 90. The

met hod f chal ' id,at. | east t .

o 1 &t ol Balistentafle b Oia) B4 SpnarSs Biegryigat K] pelypeptide
compaisdschnauting adidkitatitutioh apesh bf @)ang @)r espondi ng to am no

acids 151 and 153 of BnKRPI. 9 1. The nethod of claim

90, V\hggei n_at |east one of the am no acid _
subst i P8t i orfge Hpnsesric phat of g €5 whesgie aetthraf theoaraind aoid

substiAfiAS at am ggsﬁ‘?h fa1 1 [ ne to al ani ne
substitl(g%i on.) 2. d'%he net O()adl o?eag@l%gt?[{rlna , Wherein each
of the amno acid substitutions at the positions
cor r espBndi Ae transgmiin plantoTdaifba7, avidreld adhfof Brddiho iasid

. - ni t o al ani ne subst.tutjon.93. The net hod
Subsugiﬁag%]%ﬁa(lﬁf @’&%&H&I@Pﬁ%ﬁw@a&ﬁ“ WP t he ani no acid
substitutions at the positions corresponding to am no

aci ds 161 amhe tadgoiic BRKRR inlafly 8ns 5P hins U6l 580! dh&gilrll the
ci d. .

am acid with an oppositely charged am no aci
refere%%?ﬂ&epgﬁebﬂ@hlﬂgﬁ,l polieentids. each of the amino acid

substitutions at the positions corresponding to am no

aci ds 4pl apge dadead; I ' ' n ,
~ anino acid with af opposi tecﬂ%ﬁlc’ﬁ)é?&gg%grg%%u%%g;H&ﬁweptlde
I3 The nmethod of any one of clains 90 to 94, wherein the

mut ant \ ti urther conprises an amno acid
subst i glgﬁngﬁ&&ﬁiqéogfﬁ%n corresponding to am no acid
149 of 2BBARRP1 PHoATIF sIRIIMGEA0f claim 95, wherein the
am no égl d_substitution at the position corresponding

to ani (¥o BakRP11EI$44: WAGEAPPr | s anon- al ani ne to al ani ne
subst i i Q. <1 kb " f el ai,m 95, wherein the
am no 2. g suégleistlx P Iﬁqt%ﬁg’ Xglsf’StAl

ut1on at "on correspondi ng
to amno acid 149 of BnKRPlI is a non-conservative

subst i Tt i cFhe te@isgehieeplanttas il adsondofalyime 18 tOH9,6H1RkeTE said at
least ogg nfogifls%:gtior\ll\@o%peﬁs%s %rgr?cag]élrtl (a)lp tthe %K binding region.

73.  The transgenic plant of claim 72, wherein the reference CKI

polypeptide is a BuKRP1 polypeptide.

74.  The transgenic plant as in any one of claims 43 to 73, which is selected
from the group consisting of Brassica napus, Arabidopsis thaliana, Glycine max, maize,

wheat, rice, alfalfa, cotton, poplar, and camelina.

75.  The transgenic plant of claim 74, which is selected from the group

consisting of Brassica napus, Glycine max, and Maize.

76.  The transgenic plant of claim 75, wherein the reference CKI

polypeptide is an Arabidopsis thaliana CKI polypeptide.
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pol ypepti de further conprising an am no acid

substitution at at | east one of (a) a position
weenresgendi ng to am no acid 164 of BnKRPl, anBCT/D$2086/029349

position corresponding to am no acid 165 of BnKRPI .

99. The nethod of claim98, wherein the amno acid

subst iyt i of ndthéH of (8@ IciEtr géxﬁé pRAthsiR hny §n@of c1a1ms 43 to

non-al ani ne to al ani'ne substltu ion. 100. The net hod
74, copfprisingi m 98, wherein the amino acid substitution at at

cubst i DR Gree B Blente heldh sfieBROE ARAFG B Brocing ppgputant

CKI deCKl pol ypepti de conprises an am no acid
su itution at each of (a) and (b). 102. The net hod

of cI aim 101, wherein each of the amno acid
subst i T8t i ohamethod efimedlatmcell i visiaw in splant oell axprossing a wild-

oo PR DAL 05, RS ot B, 0 Bl i hyin oo

confeding biddling #ffigity R -acyolieind(b) ¥ €DIUbsiditgttgion cdfférrinténding
met hod _as in any one of clains 82 to 103, wherein the
afﬁmtyégereq,gﬁgethg@etl&q PRSI i s a BnKRPl pol ypeptl de.

ool ype BT de P o) 45 2l B ROy Rph Aol £ amino

acid séduen@riieRiPlg o IadiAne Iﬁfkﬁﬁﬁcatl@ﬁ )reliimeﬁ@la rh‘&m CK1 @ﬂzlg(peptlde said

KRP 4A WL65A; or BnKRPI F151A;
refereﬁﬂ%é@[p%l&@eﬁﬁﬁ 9%1 Bahe gEREp ﬁ%‘%sf‘ﬁg E in any one of

clai ms 731§ Qe Sdld-¥PEpRNCER ptid8 d%HreR@ within the plant cell,
nodi fi cagl)gn corrpﬁp?sfe)s trunga?@%n of 1% he CDK bi ndlpng

regi on. 107andThe net hod of claim 106, wherein the

108, Tho et U I GRY bt PR Rdos % KR FY bifvtc of
further conprovRlingwildypedliKl fagctidat mtmlhehqoplmtcen slbstamtially

reconbi nant nucl ei ¢ acid encodl n nt CKI
pol ypept i detquysdent iythepaldiyge 641 mggl wherein the

The. ot had i i acieat o *gﬁ’é‘@%ﬁ%f@i‘%@)gﬁvﬁ%ﬁ’é‘? i bgion s
pl ant celas té eonfer, relative to the reference CKI polypeptlde a modified binding
affinity of the mutant CKI polypeptide for the CDK, and wherein the
mutant CKI polypeptide substantially maintains, relative to the reference
CKI polypeptide, binding affinity for the cyclin; and
allowing said mutant CKI polypeptide to inhibit wild-type CK1 biological

activity within the plant cell.

79.  The method of claim 78, wherein said reference CKI polypeptide is a
KIP related protein (KRP) family member.

80.  The method of claim 79, wherein the mutant CKI polypeptide

antagonizes a plurality of endogenous KRP family members within the plant cell.

81.  The method of claim 79, wherein said KRP family member is a
Brassica napus, Arabidopsis thaliana, Glycine max, or Maize CKI polypeptide.
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froma plant selected fromthe group consisting of

Brassi ca napus, Arabidopsis thaliana, dycine max, and
woRi02®16319 1 1. The net hod of cl aim 110, wher ei PCT/082006/029349

plant is selected fromthe group consisting of

Brassi ca napus, dycine nmax, and Miize. 112. The

met hod,of cl.aim erehn 4 he ref e. .

pol y peﬁ?’i d e%ﬁ%mgt#%ipggﬁ% zg’l vghelr‘ﬂg Fiﬂ%ﬁéﬁgﬁfm%ember is a KRP1
polypéppidgpepti de. 113. A nethod for increasing plant vigor,

conprising: expressing within the plant a nutant KRP

pol ypegti de conpri si Er% a KRP am no acid sequence. . .

havi ngd&t | Begspethad ofelaim /8.avhesein sad 4t logst ope medification is

withi] ool ChaPR A AR e R8s LR R (Brp )

the wild-type KRP pol ypeptide expressed within the

pl ant, 8&nd TR mathod bfieltiyp 83 KRRr¢io hyqaptantdeKT polypeptide

het erol ogous to (1) and.capahl e of proyiding .wld-type
comprigepak lgpt ?‘?’ %Wod}%“éﬁlgps %@P P IeHOR HET eﬁle%l}ﬁlén tﬂtﬁ‘g'{l%% peidy fz{}s-ms

 X®Ripg nféﬁP e wld-type KRP function of (1);

Ome\?\ﬁ!éJ‘% ein ggl azl)hl east one nodification is within the

CDK binding region so as to confer, relative to the

ref er eBre KR pethodepelaite 83, avimpeln saidat lsasi onaogifidation y
com of thgmw%ta%%ﬁyﬁaP ol ypeptide for the CDK, and wherein

PRSTE M ITER f’)tf@%nepti de substantially maintains,
relative to the reference KRP pol ypeptide, binding
af fi ni 8¢, f orhd Methcy of tlaim 8fdviadréin thenina acld BubsdimitiodiREa non-
. polypeptide tg inhibit wild-type KRP biol ogi cal

alaning ¢q flgpipg sufstiiipng ne pl ant so as to increase pl ant

vigor. 114. A nethod for increasing root mass in a

pl ant, g 0NPThSBlod 8X BERS 85 "Bhdiih Mdarhil6 aBlaBbstRution is a

mut ant KRP pol ypeptide conprising a KRP am no acid
substigitiqu eheathineiand veith dreeppositely chasded amsipiacid. rel ative to

a reference KRP pol ypeptide, said reference KRP

pol ypeps i de . 1.SE 1) .

Phe v P ¢y bR pEEbESr Uaarss I LB IRITE IR Rk belenlitn i
withingha KIYNEDEmoflf. a Wi | d-type KRP pol ypepti de

het er ol ogous to (1) and capable of providing wld-type

KRP fupction w thi cel of, the plant s tanti al.l
cqui varSnt T ordodoPeliy e Saen thrmnnt kT palybertie”
compﬂgébﬁ aﬁlbabtm fhodifichGatwithie thoe NiFpxtheie i s within the

inding region so as to confer, relative to the

reference KRP pol ypeptide, a nodified binding _ = . .
90.  The method of claim 89, wherein said at least two modifications within

the KYNFDF motif comprise amino acid substitutions at positions corresponding to amino
acids 151 and 153 of BnKRP1.

91.  The method of claim 90, wherein at least one of the amino acid
substitutions at the positions corresponding to amino acids 151 and 153 of BnKRP1 is a non-

alanine to alanine substitution.

92.  The method of claim 91, wherein each of the amino acid substitutions
at the positions corresponding to amino acids 151 and 153 of BaKRP1 is a non-alanine to

alanine substitution.
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affinity of the nutant KRP pol ypeptide for the CDK,
and wherein the nutant KRP pol ypeptide substantially
woreionvaisms, relative to the reference KRP pol ypepusmee/029349
bi nding affinity for the cyclin; and allow ng said
nmut ant KRP pol ypeptide to inhibit wild-type KRP
bi ol oggycal L\ Lt Bt aPfe ' e
oot ree i DB imelnbl ofbhalth g Wb Aplea BnBor i ol 43¢
substifutiou at sleepbsitions coenppndiag togamiew peids § 5 hagndd 33 ofiBAKRP1 is a
Jpl.ant -a nmut ant, KRP pol ypepti de copprjsing a KRP am no
substigitipRy O%h%we@c#amﬂhgn aibosiielk chasded HBmPFPKht | on
relative to a reference KRP pol ypeptide, said
referegce K PRINGASPLIAHE 938 EGEi8 add Sthé BRI Ridubstitutions
consisting of (1) the wld-type KRP ol%ggpt.lde .
at the pogii@sertesponfling to hminl avids,154mad 233 of BKBP1 jyresukpitution of an
.__pol tide heterol ogous.to ) and capabl e of
mlﬂ%@\?@?%mqsg@wﬁ@g%%ﬁmg ‘on wWithin a cell of the
pl ant substantially equivalent to the wild-type KRP
function of Thd hetholF ahyosed fitlains 00 86 H4,0Mferein the mutant CKI
modi fication is within the CDK binding region so as to
polypentide Sirther epmprises an smineadi@ substiviian REPOGUIGAFOFcsRading to
. i f i€ ﬁjh@' g affinity of the nutant KRP
ammogag?dy%tgpc&i e ofrw' the CDK, and wherein the nutant KRP
pol ypepti de substantially maintains, relative to the
ref er epe KRR pethodediclaite 95bvhabtinghadrhinoiacid sibstitutien at the

posii Gt or sk s e 80 5 k281 TR BARRER! et fpstition
plant so as to increase plant seed size. 116. A nethod
for i ngyeasTRYnREIfSREMIOEvh&@BinitRe AmiHoddid substitution at the
_conprising: expressing within the plant a mutant KRP.
pos1t1ﬁo¢9;mmntd¢rls t@mtﬁpm g¢1ﬁ33&:f<ﬁnit<&m i ?@r:-aorzs@ta{afévf‘c%lbsﬁfutwn-
aving at |east one nodification relative to a
referepge K : [eQly .k &6E WilkRin th tant CKI
pol ypeg%i deﬁ%ﬁ%@%@%@f}o ?I%deg}agﬁéggongﬁst [ neén ofe II(ml?n
polypeptiele Bindtlebr eymerisiRE ap aiyymeqpid sibsetior sisatdeasd angiof t he

I t, d ild-t. KRP J ti
Do ol BaeTibn Spesaniihe S e Mo AR ERRRP Lt ¢y pe
KRP f Upfgtai P81tk (birBspanéRisho &hirdohRidol 63ndf Brirstiant i al 1y

equi valént” to the wild-type KRP function of (1);
wherein said at | east one nodification is wthint

h
COK bi A% ng Thegiediedsas clpsm98, wherriarhe Amjagacifksupefitpien at at least
i o Bihe rpin ALY e
one of ) BAERTS L RAMBEPHAR s@TRbh. B0 O R Lo i her i i

t he

100. The method of claim 98, wherein the amino acid substitution at at least

one of (a) and (b) is a non-conservative substitution.

101. The method of claim 98, wherein the mutant CKI polypeptide

comprises an amino acid substitution at each of (a) and (b). -

102. The method of claim 101, wherein each of the amino acid substitutions

at (a) and (b) is a non-alanine to alanine substitution.

103. The method of claim 101, wherein each of the amino acid substitutions

at (a) and (b) is a non-conservative substitution.
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nmut ant KRP pol ypepti de substantially maintains,

relative to the reference KRP pol ypepti de, binding
wa@bdorniddy f or the cyclin; and allowi ng said nmUPERUSHR029349

pol ypeptide to inhibit wild-type KRP biol ogical

activity wwthin the plant so as to increase early

ger m ngi4i onrHdinéthed B BRhy one of claims 82 to 103, wherein the reference

CKI polypeptide is a BnKRP1 polypeptide.

105. The method of claim 104, wherein the mutant CKI polypeptide is
selected from the group consisting of
5 (1) BnKRP1 F151A; F153A;
(2) BnKRP1 Y149A; F151A;F153A;
(3) BnKRP1 E164A; W165A; or
(4) BnKRP1 F151A; F153A; E164A; W165A.

106. The method as in any one of claims 78 to 83, wherein said at least one

10  modification comprises truncation of the CDK. binding region.

107. The method of claim 106, wherein the reference CKI polypeptide is a
BnKRP1 polypeptide.

108. The method of any one of claims 78 to 107, further comprising
introducing into the plant cell a recombinant nucleic acid encoding the mutant CKI

15  polypeptide.

109. The method of claim 108, wherein the recombinant nucleic acid is an

expression vector.

110. The method of any one of claims 78 to 109, wherein the plant cell is
from a plant selected from the group consisting of Brassica napus, Arabidopsis thaliana,

20  Glycine max, and Maize.

111. The method of claim 110, wherein the plant is selected from the group

consisting of Brassica napus, Glycine max, and Maize.

112. The method of claim 111, wherein the reference CKI polypeptide is an
Arabidopsis thaliana CKI polypeptide. '

25 113. A method for increasing plant vigor, comprising:
expressing within the plant a mutant KRP polypeptide comprising a KRP
amino acid sequence having at least one modification relative to a reference KRP

polypeptide, said reference KRP polypeptide selected from the group consisting of
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(1) the wild-type KRP polypeptide expressed within the plant, and

(2) a wild-type KRP polypeptide heterologous to (1) and capable of
providing wild-type KRP function within a cell of the plant
substantially equivalent to the wild-type KRP function of (1);

wherein said at least one modification is within the CDK binding region so

as to confer, relative to the reference KRP polypeptide, a modified binding

affinity of the mutant KRP polypeptide for the CDK, and wherein the

mutant KRP polypeptide substantially maintains, relative to the reference

KRP polypeptide, binding affinity for the cyclin; and

allowing said mutant KRP polypeptide to inhibit wild-type KRP biological

activity within the plant so as to increase plant vigor.

114. A method for increasing root mass in a plant, comprising:
expressing within the plant a mutant KRP polypeptide comprising a KRP
amino acid sequence having at least one modification relative to a reference KRP
polypeptide, said reference KRP polypeptide selected from the group consisting of
(1) the wild-type KRP polypeptide expressed within the plant, and
(2) a wild-type KRP polypeptide heterologous to (1) and capable of
providing wild-type KRP function within a cell of the plant
substantially equivalent to the wild-type KRP function of (1);
wherein said at least one modification is within the CDK binding region so
as to confer, relative to the reference KRP polypeptide, a modified binding
affinity of the mutant KRP polypeptide for the CDK, and wherein the
mutant KRP polypeptide substantially maintains, relative to the reference
KRP polypeptide, binding affinity for the cyclin; and
allowing said mutant KRP polypeptide to inhibit wild-type KRP biological

activity within the plant so as to increase root mass in the plant.

115. A method for increasing plant seed size, comprising:
expressing within the plant a mutant KRP polypeptide comprising a KRP
amino acid sequence having at least one modification relative to a reference KRP
polypeptide, said reference KRP polypeptide selected from the group consisting of
(1) the wild-type KRP polypeptide expressed within the plant, and
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(2) a wild-type KRP polypeptide heterologous to (1) and capable of
providing wild-type KRP function within a cell of the plant
substantially equivalent to the wild-type KRP function of (1);

wherein said at least one modification is within the CDK binding region so

as to confer, relative to the reference KRP polypeptide, a modified binding

affinity of the mutant KRP polypeptide for the CDK, and wherein the
mutant KRP polypeptide substantially maintains, relative to the reference

KRP polypeptide, binding affinity for the cyclin; and

allowing said mutant KRP polypeptide to inhibit wild-type KRP biological

activity within the plant so as to increase plant seed size.

116. A method for increasing early germination in a plant, comprising:
expressing within the plant a mutant KRP polypeptide comprising a KRP
amino acid sequence having at least one modification relative to a reference KRP
polypeptide, said reference KRP polypeptide selected from the group consisting of
(1) the wild-type KRP polypeptide expressed within the plant, and
(2) a wild-type KRP polypeptide heterologous to (1) and capable of
providing wild-type KRP function within a cell of the plant
substantially equivalent to the wild-type KRP function of (1);
wherein said at least one modification is within the CDK binding region so
as to confer, relative to the reference KRP polypeptide, a modified binding
affinity of the mutant KRP polypeptide for the CDK, and wherein the
mutant KRP polypeptide substantially maintains, relative to the reference
KRP polypeptide, binding affinity for the cyclin; and
allowing said mutant KRP polypeptide to inhibit wild-type KRP biological

activity within the plant so as to increase early germination in the plant.
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