ORYZA SATI VA LECTI N- LI KE RECEPTOR KINASE 1 (GsLRKI), A
GENE | NVOLVED | N PLANT DEVELOPMENT [ 0001] The present
w0 povesssson cl ai ns benefit of U S. Provisional Rat/e62005/000335
plication No. 60/614,549, filed Cctober 1, 2004, the
cont ePRYZa¥ SHRTVoh LECETNEIEE RECRETOBIIAASE bOsLBKa),ence
in their endGENEINVOEVED QR PLANT DFERIOEMENID0O2] The
present invention relates generally to.genetic
engi neering of plants, and, nore particularly, to
[000Hgul at iThg presantt irexpiéomsilaims benefit @E S Arrowsiond] ®afest Agplication
pl ant cells. BACKGROUND OF THE | NVENTI ON [0003]
No. TifcddghD filed Ootebea) p200dathe ontanty dfeitichidhdreBi ih&ﬁ%or&e&by
referenced within parentheses. Disclosures of these
- refepariot inctheir emtetyn their entireties are hereby
i ncorporated by reference into this application to
FIERDr@F THEIBTVIENSKIONDe t he state of the art to which this
i nvention pertains. Full bibliographic citations for
[00aX)e ref @hepesent Hentieh e’ Gehdrallyed de ndiRéihg of C{)lants, and,
preceding the clainms. [0004] It has been suggeste
mort paiticklagdy, b 8iphlaify 10BExphisRANh REnFRERPbRAL |ah&@ah’t’ cfs> €S
(RLKs) play a crucial role in signaling events at the
cell surface (Hardie et al., 1998; Mrris, et al.
-2003; Shiu, et al., 2004). The nol ecul ar basis of cell
BACESROIAND OF BN 8GVekyi§ external factors is an active
area of investigation. (Mrris and Wal ker, 2003). RLKs
0 e the findsr ORIl r oppr y S
[0%$ngle E?§ﬁ§§QEGP§ngﬂgbanniﬁgﬁg%ng?ﬁ%%%nﬁiggnga%%%F%gWﬁmn-

pareﬁl_ﬁfe%é.c Pitcidsifes 40 %Eé‘plﬁiglgat n§ X—{(ﬂlgy %Iie)sca?t{ ﬁérgbﬁj i orP()erated by

i nase domain (Shiu a Bl eecker, not a

refeBE0O o Qﬂllg] %ﬂﬁéaﬂ&? %6 Sndr? %ﬂf‘ B&critd-BR QLS JrRE SRR $hich this

by nore t
invention pertains. Full bibliographic citations for the references may be found listed

immediatély precediﬁg the claims.

[0004] It has been suggested that the plant serine/threonine receptor-like kinases
(RLKs) play a crucial role in signaling events at the cell surface (Hardie et al., 1998; Morris,
et al., 2003; Shiu, et al., '2004). The molecular basis of cell response to a variety of external
factors is an active area of investigation. (Morris and Walker, 2003). RLKs are the class of
transmembrane proteins comprising a single transmembrane spanning domain, a ligand-
binding extracellular domain and a cytoplasmic catalytic kinase domain (Shiu and Bleecker,
2001). In annotated genome of Arabidopsis thaliana, RLKs are represented by more than
600 genes, whereas in rice at least 1132 members have been established (Shiu et al., 2004).
The kinase domain of plant RLKs has a monophyletic origin and belongs to the same gene

family as Drosophila melanogaster Pelle and mammalian interleukin receptor-associated



600 genes, whereas in rice at |least 1132 nenbers have
been established (Shiu et al., 2004). The kinase
waloovaiosssef pl ant RLKs has a nonophyl eti c ori gi PCESE2005/000335
bel ongs to the sanme gene fam |y as Drosophila
kinapr(Rean§a 2. Therd are aneldifgrentivisreofichissifitasion oARLKS, the first one
recept or-associ at edki nase (Becraft, 2002). There are
being hesediohfty smctuvad fertuwé oftthe exiabeliddridomainf whickds thought to act as a
first one being based on the structural feature of the
ligarglk binding| sita| AfcCduyrand Chatyi, 2600)sandhibe ghtont conadeingsbaaed on the
ligand binding site (McCarty and Chory, 2000) and the
biolegiead fivhcoreartlgha1mpldafRICK eithet hecobirall af gianagrofviinaidi develepiknt or
the role of RLK either in control of plant growth and
plantimwedlepnerictiar arndldafehseregponds €Shin teal 220049 Tharsdud@fce DB different
response (Shiu et al., 2004). There are over 2 1
classds f Arabitbopds REKestoddmaina et exhis D G02RL Bneof thel dexaiittd.and partially
(Becraft, 2002). One of the described and partially
charadtaizad tchisses e RILKESE decti@flikRlré®pios kinasdsi (DRKkK §HERE @PhI)r 1996;
ki nases (LRKs). (Herve et al., 1996; 1999; N shiguchi,
199% WNigHiguch® @0 2L, 280, aN4varr&TRBhiEAA 20039 B3ou & HY2602; de. et al., 2004;
2002; He et al., 2004; Shiu et al., 2004). [0005] LRKs
ShiuR@sis@ee4)l ectin-1i ke extracel | ul ar domai ns, which share
significant honology to |legune-like lectins. Lectins

[0008f € KNOMRK ASHosRED AYiERE CcxtbALRY DR RehidM hRY tsignificant
enzymatic activity towards recogni zed sugar (Loris,

hom&BB¢ 1o ledHES BkeAE&ind IbfindChdkdwnas @&gpl?}}ﬂ@c{téjﬁih&iﬂé?liolte‘fns without

diversified group of proteins. Lectins can be found In

enzy@latic KcRAEOMRvaR]s JebdgRizedA0graTBRs, 2bBIB)Thedel M B strRflrdilSand
f By

refer to the plant 1ectins found exclusive

evolkRAHTl MS&ERed g%f%% o@fprﬁgiﬁé § k@it dallSe! HRALEL! ﬁnﬁééﬁs of life.

were identifie omthe mature seeds (Van

Van albamml',g S@58). gy uth@8b&tin§ Onréfe? NG k| @Qnty\@eﬁﬁl)(se rfé{mh o&écilﬂively in

ot her veget'ative organs. Legune |ectins were

Legu?ﬁei{xétxs!éﬁé? %é/st oF mels@fecﬁx% 1{5&85&6 g(g ?z{r%r ideﬁ&ﬁe‘?ﬂnﬁ Xheaglgture seeds

lary structures ut, ese simlarities,
v B0 L o LLLSERIGE S 60, 0] R
Legu%dlegéﬁ\kg iw%%é st?ﬂ%g&lgr 'sinlaiﬁt‘i & dat Iprrillglu)fl,’ se%grr%a%y aarllldttee e?rgz is [tures but,
despite these similarities, showed considerable differences in their quaternary association and
modes of monomer organization (Rudiger and Gabius, 2001). Interestingly, small alterations
in tertiary structure as a result of variation in primary seqﬁence lead to significant difference
in quaternary structure (Vijayan and Chandra, 1999). Typically, specificity to glucose, N-
acetyl-D-glucosamine, mannose, galactose or N-acetyl-D-galactosamine, L-fucose and
complex type oligosaccharides had been demonstrated (Rudiger and Gabius, 2001). The

physiological roles of legume lectins are still unclear, although they are storage proteins

proposed to be involved in plant defense.



in tertiary structure as a result of variation in
primary sequence lead to significant difference in

wQeabesssary structure (Vijayan and Chandra, 198C1/SG2005/000335
Typically, specificity to glucose, Nacetyl -

[000B} gl uc obatindlike revepooBimasegRRES) Bse subelass of RLKs first described in
N-acetyl - D-gal act osam ne, L-fucose and conpl ex type

Aratédopgissbatina (Hetes ehad 1b8HnA tpmtens t10A e chbéiRbaveeden ambtated in
Gabi us, 2001). The physiol ogical roles of |egune

the rice@ehdiBe ¢Shéu &tal.] 2004)) Glithat leastl4R MRKGHddnkifiyd r LrabidopsisgBarre et
proteins proposed to be involved in plant

al., 200DR B ReMmO8O &) MetRbid trhdeRild ACRRIrGokhitas® af,LIYES) aridSsederal
subclass of RLICs first described in Arabidopsis

menibBR| inahié LomBirde peplad(Nishidh@B6 bt alAR0R).ERERY with QdguiRAINET 18ctin
have been annotated in the rice genone (Shiu et al.

dom#i9 4ere HottfBurdl inltBa8dmplete [gBlitind fgidnkdsl T chdd afd LSO RFvErro-
(Barre et al., 2002), 9 nmenmbers in Medicago truncatul a

Gockibbwa ul, 02008 e @it be plan?dPesilic. aMd IRRUEY R sHERMIE bS edphessed
the Lonbardy poplar (N shiguchi et al, 2002). RLKs '

in difdedht| BgHRBIntILERg HRE tddis, AR NMBa B! Qe OHok @Y NMAd 1 MiduBE The
compl et e genonme sequenceés of yeast and human (Navatro-

physfe&hta YBle S Blse prAlHls temaliiepetidit. P Pediite SPRE iEhime-like
The LRKs were shown to be expressed in different
0L, Q) i 0 i . t . . . .

ot o RSl PP R Bed R oI B! B Eph G2 tigoRleBfiiy mefiaed

si gnepg, Yuf itiﬁsh .e N$ne Q@lﬁéﬁc@ttﬂa\t' %R.KI%%SSE%%%%E@S i%fceﬂt%edo ain and

O
égune-li ke l'ectin as receptor in S suggested their

s e B GEAOA) 0L L8RS LANL S RO, v gt o
o BFSEERTAR e ZESRLOL BT, 2aags suser ol ecul
om0 LB RN AR S o
55k BB PR g omens. s
oGRS BR PP R, v oPent

devel opnent can be regul at ed.

SUMMARY OF THE INVENTION

[0008] The present invention relates to a novel lectin-like receptor kinase gene,
referred to as Oryza sativa lectin-like receptor kinase 1 (Oslrkl), that plays a role in plant
dcvel.opment. Results suggest that Oslrkl responds to signals from sugars and/or
phytohormones and is a negative regulator of certain aspects of plant development, including
root expansion.

[0009] In particular, the invention provides an isolated nucleic acid which comprises

(a) the nucleotide sequence set forth in SEQ ID NO: 1, (b) a nucleotide sequence that encodes



SUMVARY OF THE | NVENTI ON [ 0008] The present invention
relates to a novel lectin-like receptor kinase gene,
WO edoensssgi t 0 as Oryza sativa |ectin-like recepp@r/SG2005/000335
kinase 1 (Gslrkl), that plays a role in plant
the BME! RRIBYuendBestichEd BHAISSH, bh) &P lahidendeeiRMIREe syuence

signals from sugars and/ or phytohornnnes and is a

t oV i S i
oSSR 5 { NLRAOT 091 (913 OF P iy B s i

v BESHEALAL o ISR e Byat L) 94 i
oS U, ol Bl SERHSAGS
oo SRR, IR ARG 0 BRI e
ol BB LIS BRI o0 e el

100162 s SBE GAHAN, Bl AMlino Sl proT Bnd SEREN root

I'nvent1'on a rov S r nega

o U2 5 o g SRR o S ) 9t on
S EAREEBEEED 0 b, AR Rl oo
5 B PRSP AR S o
o3 SRR SRS SBRR IRt OBk

antj sense nucl eoti de sequence correspondin o th
encofiidheaTnaCateTReST SEQ IDOVOT A Ryerns HiBcel hig = by

an antisense nucl egti de sequence corresponding to a .
[001Hyc| eotlivabemaghe dvenlian BREdeean Gkl Hsnigseigrymutant with a
. .sequence of SEQID NO 2, and cultivating the cell .
distingh pBengtype Hhroots anr agriakpgrish Yiprsp e the ivepiaeRIPfes a transgenic

provides an OGslrkl Ds_ insertion nutant with a distinct
plantp hesst gapemef compsises & disrension Hf tha skl geRce gihsrein thgedistuption

i nvention provides a transgenic - i .
comprises the Ds msertion, and wherein the disruption results in the transgenic plant

exhibiting increased root growth as compared to a wild-type plant.

[0012]. The present invention further provides transformed plant cells and transgenic
plants having incorporated into their genomes the nucleic acids described herein, as well as
seeds of the transgenic plants. The present invention additionally provides nucleotide
sequences that are homologous to the sequences described herein and which retain the
biological activity of the described sequences, as well as methods, transformed cells,

transgenic plants and seeds which use or incorporate these homologous sequences.



pl ant whose genone conprises a disruption of the
Gslrkl gene, wherein the disruption conprises the Ds

w0 p®enssson, and wherein the di sruption resul t SPCHSGHO5/000335
transgeni c plant exhibiting increased root growh as

PRACRGP fch | ant. [0012] The present
B
RIER NO Tﬁ%&?%@ﬁ%%% transforned plant cells and

[001%La”59€ﬂ' fir nuﬁéPﬁ% éJEJ( El%rdﬁn?zrtﬁé %gzrh”mta‘hb eAer? days old

nomes elc bed "herei'n
R e g@sr%w% o IR e

weeflORAL 40 ?%gtsffgsge?@éﬁgg’ef§§P%§t*ngs FnihR BELRedpR] RAR SPewo
monfis SR aﬂf? it @ BB ST bl L P pieRsy 3F syromonths
old Wﬁﬁ% {m 6*5?308 'ﬁP@ H%ggﬁf"?ﬁg%ggﬂ%%gé & ﬁ'(& Eg‘guam -
planfp ety MR R Al cﬁgg oF At nen st o o plpicptans
e ey 9{%’“ g‘g‘?%g%i’%ﬁ T o R T

old WL (D) .and mutant (E) plants _grown in soil. F.
of me@aﬂfWFFdSmsmaﬁW? ) RigRSS FhOFENEINQIp Brapghes igptantang nut ant
(right) plants. Morrphology of 45 days old W (G and
nutant (H) plants where nmutants displayed the delay of
~ flowering I% Three nonths ol d nutant. géants (right)
IOOIék hi bi tlEgwe & Bipression deygkef tha bty encof TherBgue ﬁhca’fs Northern
art conpared to the WI. Panicles of mature W (J) and
hybrrﬁy%aaﬁv apalysip ph Rkl e ergrestiene b el ek Bomepygesaglelrkl mutant.
} 0014] Figure 2: Expression |evel of the Gslrkl gene.
Totalr RNA i(Hinge wan cswgaq%f either fromy bt prlmeiant oept disstiey Hf wefweek old
Gsl rkl gene expression in WI and honozygous Gsl rkl
seedlingsaiiembramstveeire Rd{zZedwith Dlgdateladrmaechecrpriesonding fa BVIR of
W or nmutant root tissues of two week old
the Oslrkl gene. Transcript of 2.7Kb in size was detected in WT plants and was absent in

mutant root tissues (top panel). The bottom panel shows the amount of total RNA loaded

(band obtained by hybridization of the stripped blot with probe corresponding to rice actin

gene (RActl).
[0015] Figure 3: ¢cDNA sequence of Oslrkl (SEQ ID NO: 1).
[0016] Figure 4: Domain and motif organization of OsLRK1 protein (SEQ ID NO:

2). Legume-like lectin domain is boxed and shown in Figure 5 for lectin-domain amino acid
sequence alignment. B-chain and a-chain, respectively, of lectin domain appear in bold

within the box. The potential N-glycosylation sites are underlined. Signal peptide and



seedl i ngs. Menbranes were hybridized wwth DI G| abel ed
probe corresponding to 3' UIR of the Oslrkl gene.
wae@emsssppt of 2. 7Kb in size was detected in VWICPEGINS/000335
and was absent in nutant root tissues (top panel). The
trandpaentymnepdonadins ppes 1hhe:lzasl‘mSﬁtneﬂﬁre&xﬁﬁ@hnﬁéﬂldnﬁﬁﬁi%%resented in
(band obt ai ned by hybridization of the stripped bl ot
shadwigt dndpthe evst consesgtive Gintih iddsT 6012 RBTIHRIRENE sﬁd%ﬁmnl Qlack bold
[OOS] Figure 3: cDNA sequence of Gslrkl (SEQI
font.1) Levcfa 1fehididsgiur sibdomdde mai (0 an®>poli F20ppga mlﬁﬁtﬁeoﬁv&@ed in
OsLRKlI protein (SEQ ID NO 2). Legune-like lectin
leucideafpper stfuctuox@d fRREd SADMBintmg fbHoH @ ea**1-Bys*3) in kl?qase domain is
| ecti n-domai n am no acid sequence al i gnnent _
undefli¢éda- chai n, respectively, of lectin domain appear in
bold within the box. The potential N-glycosylation
sites are underlined. Signal peptide andtransnenbrane
domai ns appear in italics. Serine/threonine kinase

[0017iONBI N Wi £ TYMPRHsdn/bf %h@t@d@%lﬂlgcéo% nbRed of lectﬁl—hke domain

conservative amno acids of 12 su ns are

f nrhé b | '
o BT R Bty MIRhaE, e Dt O flcfee. program

(NotleBAthé,N€- e%'appﬁfOOit fdaGHdAl ?rﬁ%%c{dg g AT dl%o E’gﬁ?ﬁ seguences

regi on (Leu387-Lys413 i‘nasé donai n's

are flaf@d.7Irh h@éﬁsﬁT Prdichtd @ﬁéenﬁﬁposg s N g&xﬂ]ﬂ%&‘m&& aé:{cfg A potential

sequences of lectin n-of

cleavggﬁgi?;ﬁ\]ﬁ?ﬂot : e%'ﬂ”f? %&"%Pc%tail%? rrgr%gblijds'hﬁge&fﬂbe; s&ﬁ.i[(ﬁds the
u

oL SRl SR T Wi

in D%ﬁbn %gigkﬁﬁal)ﬁr@sg nﬁr'g gc'&ﬁ%é’c%ﬁtgaiqalaser grPxT e \gletgﬂzculata

(A8 DR By iR e i st e eFea A Obrpes,

N—ac%)sg‘ala{%ogen?q%g]c i%cSlBefIs ﬂgzmn 1g{1 %%psz’lre!ae(%tl |6(§]305 eIE: sp’:})ltacncus, lectin

from Lathyrus sphaericus (P16349); P.sativum, mannose-specific lectin from seeds of Pisum

sativum (P02867); M.hemaglutinin and M.hemaglutinin, lectins from Muaackia amurensis
(IDBN_B (PDB) and 210523A); P.angolensis, lectin from Pterocarpus angolensis (Q8Q-A
in PDB); R.pseudoacacia, bark lectin from Robinia pseudoacacia (BBA04604); AthLecRK1,
lecin-like receptor kinase from Arabidopsis thaliana (AAB58725). NCBI ‘GeneBank '

accession numbers and PBD ID are given in parentheses.

‘[0018] Figure 6. The Expression Studies of the Oslrkl Gene by RT-PCR (A) and
Northem-blot hybridizdtion (B). For RT-PCR about 2 ug of total RNA was added to PCR

mix and primers corresponding to 5°UTR and 3°UTR sequences specific for the Oslrkl. The



(AY358030); F.bean, nmannose/ gl ucose specific lectin
fromField bean (P38662); B. purpurea,

woR@ee888bt D- gal act ose specific | ectin from BauPCTi8@2005/000335
pur purea (P16030); L.sphaericus, lectin from Lathyrus

expe%f%ﬁ AT SndpREES dhserif-of 8lel OWA (ITR @Cﬁ ﬁfd&ﬁ%@'\;lﬂﬁarrow (on the
lectin fromseeds o Pisum sati vum (P02867

left Méjemgwfpt o sa)oapelfﬂ}éebﬁml eﬁe msram lﬁe& mﬁe §a‘hﬁ=rﬂme as internal
Maacki a anurensi’s DB)

cont£d &gﬁl Yot P%Bbfoﬁcgoiaﬁ] I{N g}:%? 1&%@&5m%&@eﬁpﬁésﬁes (indicated

R pseu bark lectin from

abovg? Qé Q' t@mfﬂéf% ucﬁllﬂ 1aﬁelé<§§%}l§§ Q¢ )Lhe (?%11% e&%b{o&%gééé; E%se')dk ©The

receptor I hase rom Ar abi dopsi s I ana

tanél\%lp ar%:ﬂ?fes esﬁ%?%ﬁ@ élfé‘@ﬂ%‘%gﬁ%(aéqﬁwﬁ’@oh ‘R]ej&% sAby ©he 185
rm%o%&&glﬁlge?inagblqo&qﬁ&% |zglif°r‘]?°t£i T EgrR (R/'I'A\) P?:g about 2 ug

of total RNA was added to PCR mi x and priners
correspondi ng to 5 UTR and 3' UTR sequences specific

o0 SR NGRR3R SRS 0
o LA HSAEH  E5EE G o R o
oGR8 A S, Rl AP R, Pt S ot OO ] Qioh

te and . DIL.G | a of .t he lrkl as a

prorr@%ﬁ@) ?‘légfii’é“eﬂantsﬂ@s &g%éyg cppregongn 9‘%98“‘6%‘? F%%sp‘tfr’fﬂ‘gdiay‘
to the Gslrkl gene i ndicated, on the left_ sid

old typseepSPEig smﬁgtéedmagus Jateel foots v eo%%kogrwﬁ%ss (B); A
total RNA. [0019] Figure 7 The Expression Anal ysis

crossrfegHaRsedf; GU IS&'Wteé TP%FF SBYYIRg exnTEsStoR) at idistabelangrtion Zpne ﬁC) and
Ei t her GusA or E%/ Genes. A-D. The expression of th

g AR grR P o TGS PP RN (D &) B HgideTg: Cr-
expression of EYFP in the Gslrkl pronoter: :eyfp

Cortex; aFsFadederpisarmed . Pelgriouygle calls e Gbs?}eoﬁn?rﬁgraphs of EYFP
adventitious roots of four dayold transglenl c seedli n%

expressigni M engisenf rensgeric pkants; e(Eé})a| The oafosgl mpgesyshgwing EYFP
seedl i ngs (B?; A

expression in the vascular cells of the roots, (F). The visible light image of the root; (G). The

merged images of E and F.

[0020] Figure 8. Regulation of the Oslrkl Transcript with Different Hormones, SA
(A) and Sugars (B). In all experiments DIG-labeled probe corresponding to 3°UTR of the
Oslrkl gene was utilized in Northern-blot hybridization. As a quantitative control of loaded
total RNA, filters used for the Northern-hybirdization with the Oslrkl probe were washed and
re-hybridized with DIG-labeled probe corresponding to the rice Actin 1 gene. The ratio on

thé top of the Northern blots indicated the actual level of expression of the Oslrkl in the



cross sections of GUS stained roots show ng expression
at distal elongation zone (C) and nature zone where

wao b@olosssonf energing |ateral root is shown (D)PCT/8GL0E5/000335
Ep- Epi derm's; Cx- Cortex; En-Endoderm s; and

sam]ﬁgs Erﬁrl't Gy 82{1811&@& llssrat1§ 'c::?@eng- ot ﬁﬁ@ggﬂ%%%%ﬁﬁ%wﬁh the

ressi on In I‘OO s of trans ants;

OS”EP o2 probEROBE SN é&ggﬁﬁﬁmﬁgy‘iﬁ%e BBOET 1 0 ght

|mage of the root, (G. The nerged i mages of E and F.
[0020] Figure 8. Regulation of the Gslrkl Transcript

o2t 1 D nli'ﬁ?‘re ; G RRSG of %%‘%;"ﬁ‘%&%ﬂ%ﬁﬁﬁn&g e LR ' he
Seedﬁyf%t\”?i R, Fffan R PSRttt el s R0 S Py e added)
contiifing GifRenephoe e AToBh e Melediude e i S A ﬁfm% RS,

Dl G | abel ed pr be corresponding to the rice Act
The ?avfgﬂgs ropFracT Agnt 290 oy eR b BRHHHE thais s ST g B of Isteral

i ndi cated the actual |evel of expression of the Gslrkl

roots (B)¢ ARP=Y seqddings wen wepsyred fordbheepch datp points- Jihe p-Value was
intensity of hybridization signal obtained wth

caleydgtpd nﬁqrstbfeypmber Pragyratitigysiraets 6? Yl L@P&fthéi@ﬁ}’%ﬁﬁ%‘tsarpﬂfé d0- 00)
with Actl probe. [0021] Figure 9. The treatnent of W

and Hpgbensf latnralgeetdl(G-19s wi th MeJA. The seeds of WI and
mut ant were germnated and grown in M5 (with 1% of Sue
added) containing different concentrations of MeJa (|
nmv] 5mMMand | OrM along with control (A). The Bar

[0022har t s FigypreelknThe difedantial Resperse of die QefviihMutinguly Man (A
roots as well as nunber of lateral roots (B). Around

and B)-a50 Gad! amigB). wBeeds nb BELrmslonfitant pldnés were lgeduinated at different
poi nts. The p-Value was cal cul ated for the Nunber of

concauivation iof iGaliblan dot k we€k BOMP, mddamgt A ol GQdlwerst the irespsnse of the
roots (0.00) and Nunber of lateral roots (0.19).

seed[uQ3 2RTmikatgdi meMad andTGa, et tivelyn tBaa khdRe sqpoersatingfth¢ stwot length,
Gslrkl Mutant to Man (A

number of length of adventitious roots and germination rate of WT and the Oslrkl mutant

seedlings to applied Man (B) and Gal (D). B and D represent the average of three
independent experiments. For each experiment at least 50 seedlings were germinated in
appropriate monosaccharides and the data points were measured. The p-Values for mannose
treatment (C) on the shoot length (0.453), number (0.509) and length (0.527) of adventitious
roots was obtained. For galacatose treatment (D) the p-Values were 0.00, 0.01, and 0.00 for

number and length of adventitious roots and shoot length, respectively.

[0023] Figure 11. Proposed Model for the Role of the OsLRK1 as a Negative

Regulator of Rice Root Growth.



and B) and Gal (C and D). Seeds of W and nut ant

pl ants were germ nated at different concentration of
w@006MB839f or 1 week in M5 nedium A and C showsCT/b&2005/000335

response of the seedlings gernminated in Man and Gl ,

respectively. Bar charts representing the shoot

I ength, number of |ength of adventitious roots and

0024ET M naﬁl era E?( Plssi \%Sﬂﬂﬂ' ot RIS 1G4 kn et b, SESH geﬁ/es

to ap (D). B and D represent t
f
ML %é%ée?‘l?ﬁvg%’t S‘;*?r easﬂt‘@%@@&%"r R e iR 2%"2@&‘*?%@“ s
lgggroprlate nonosacchari des and the data points were
neasured. The p-Val ues for mannose treatment (C) on
t he shoot |ength (0.453), nunber (0.509) and |ength
(0.527) of adventitious roots was obtained. For

N e

and shoot Iength, respectively. [0023] Figure 11.
Proposed Nbdel for the Role of the OsLRKI as a

00245975, ety FaBtraon AneEpT RO i Hghe Fotilefe

YL- young Ieaves, M- mature | eaves. Shows the mRNA
expression results by northern bl ot using different

o 5, 02 o GBS R B e

Expressron Anal ysi s of Cslrks Under Hor none treat nent.

[0027] Figure 15. Expression Study of Gslrks Under

Ablotlc Stress Treat nents. DETAILED DESCRI PTI ON QF THE
RS LAY OF THILINVENTION, 5| ved in pl ant

develo ment, Oslrkl, is descrlbed The cl.oned_cDNA i

[00281701 prnﬁwrg@Wgtnwolm Bt é?VGKOBEQU‘EQSNé lﬁejescnbﬁe The cloned

putative OSLRKlI protein &SE%G 2) is shown
cDNg; 19@7@1 bp in length (l*p igure 3) (SEQ ID NO: 1) The putative OSLRKI protem (SEQ

ID NO: 2) is shown in Figure 4.

as p

DET,

[0029] Moreover, a rice lectin-like receptor kinase 1 (Oslrkl) mutant was isolated
from a visual phenotype screen of several hundred Ds insertion lines and characterized.
Mutant plants exhibited an expanded root system with more adventitious and longer lateral
roots. The aerial part of the plant showed larger leaves, delayed flowering, and a higher seed
yield compared with wild type. The mutant segregated the phenotype with Basta resistance
and bar genotype indicating that the phenotype was linked to Ds insertion. The Oslrkl Ds
insertion line was a null mutant as no transcript was detected in homozygous mutant.

[0030] One of the advantages of the A¢/Ds transposon system is the ability to obtain a
revertant of the mutant phenotype caused by Ds insertion by remobilization of the Ds element

in the presence of transposase source (Ramachandran and Sundaresan, 2001). A homozygous



[0029] Moreover, a rice lectin-like receptor kinase 1

{Gslrkl) nmutant was isolated froma visual phenotype
w@e00ems880f several hundred Ds insertion |ines BEMSG2005/000335

characterized. Miutant plants exhibited an expanded

reverRBE ofSHS DS Whltdht FRE thQH%’(ﬁ Wnlidhl r%ﬁemﬁ nlufbglg aepgtgé(g{o%e WT.

[ the plant showe

roots. The aerial part o
I : . < :
The' gei¥Gtion g].el‘e%'%%t lt:J) B B t}@qﬂutﬂntﬁ%hgse ree(goggré%d ?)ﬁg due to the

conpared wt type. The nuta

' eﬁﬁﬁi i nce and bar genotype
kn°?§§?§§¥?§%mgﬁg? theég gﬁ%ﬁ%@e was |inked to Ds

[OOEH]Jtsert i e DInﬁse%nr\bals l@gatécf]ﬁ ;t%ﬂe((ﬁ;({lverlé{rl&%l p‘%ﬁT@ col(!ilo1|1 in the 1st

n
ant as no transcript was mozZygous

f.1h / .
o Pk Sk N PR BSil b SRy o

a
ol AR PSRRI G PUTR, SR Bl n e
R B8 e PSR AT B s i
PGB, JERESSEUet R ap! DREAOLRS KOS e s
R N T N TR TS
col 25 SRS 052 S A0 BB Sl SER L T 000

transcript as confirnmed by Northern analysis. The
VaS%LWTz P{” @@‘ﬁ‘aﬁ%ﬂs g dateral zoofs, pytinog anthe rogticey.  ddenbepssripigof the
’%L at .| east. 64 nmenbers jn the annotated rice genone,. .
Oslnfdayas {ndheed jaespgnssi anethy] jasranaterIeho ko) srptrssaduyagibberellic
line wth plants harboring Ac transposase. The
acid\(Gfy) Aad srlipYlistacky(§A)-dTnaddition to thissthe Gsbf asas wandpwn regulated by
fl uorescence_anal ysis of transgenic plants harboring
sevefa] sugagy fertpd. pFythsireqre, theypyianiplants fisplayedritypersansigivity to galactose
respectively, showed that the Gslrkl gene is
and mdéeﬁslrﬁeﬁawiyy;ﬁo eI Actzastrgent.n These resalivsigaest fhat OSLRK1 plays a role
adventitious and lateral roots, but not in the root
as negapve readator effestirinpspests of hlentsvelrpmemt,paitivdlads doit pxpansion, and .
response to nethyl jasnonate (MeJA), but repressed by
respejids b signdlg &om sugars and phytohormones.

[0032] An embodiment of the present invention thus provides an isolated nucleic acid
which comprises (a) the nucleotide sequence set forth in SEQ ID NO:' 1, (b) a nucleotide
sequence that encodes the amino acid sequence of SEQ ID NO: 2; and/or (c) an antisense
nucleotide sequence corresponding to the nucleotide sequence of (a) or (b). The nucleic acid
may be DNA or RNA, and can be cDNA, genomic DNA, or mRNA. In one embodiment, the
nucleic acid is a fusion gene, such as an Oslrk1-GUS fusion gene or an Oslrk1-EYFP fusion
gene. The nucleic acid can be a transcriptional fusion such as Oslrkl promoter::gusA or

Oslrkl promoter::eyfp. The present invention also provides a vector comprising the nucleic
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acid (GA) and salicylic acid (SA). In addition to
this, the Gslrkl gene was down regul ated by severa
WG owanssspest ed. Furthernore, the mutant pl ant SPCT/SG2005/000335
di spl ayed hypersensitivity to gal actose and reduced
acidsdmarilicd\abbye, bperhty Ankddea tarfeathoterARSRNt&IS %k;?réssﬁiﬁqg feasﬁlant cell.
that GsJJRKI plays a role as negative regulator o
Theoettbainay 88 P gRibSexplesfibradciod QY £ TRl ﬁ?ﬁlﬁh%@foﬂaﬁon. Any

root expansion, and . responds to signals from sugars

suitbiél vt WEID kAGRL - sﬁ]%%@ﬁsaﬂ‘m@f@@ dhfRal e ﬁrgﬁogf \%’%ﬁ? C"E% any

i nvention thus provides an isol ated nucl el ¢ aci

prom&tBP hideRel ok Siprdshidn M GLAALH IEnReISRALE Iﬁ&hot@ﬁragg we h@%@n to

ID NO 1, (b) a nucl eotide sequence that encodes

thos@ ¥ BRiimEY Skifl SEIHRNEE Héfe@#ﬂo@g indudPid /lv(f’arize(\ﬁ)i Lﬁ‘tri]n promoter
anti sense nucl eoti de sequence corresponding to 1 e
and tHetAPV 398 pRAMEN A8 iQnokdin E‘fe af%m-g{%?s daH %c%ﬁcﬁllc%le and/or
may be DNA or RNA, and can be c : genpg1p % or
' idis.a si.on
R oSSR B PUBLSIS ARl
_ ' [ i d. can . a .
PopORHSE ol Y B skl B W ‘%Q%E’Y@Oﬂ%?la Srdfise pid i, e
s T ent..inovention also.
e P LS MR 6 B O T B e B
. d [ d.t ter that.c rol s
wing 8462 BB5ARL e AFA PSR ot U, B gt
ron UL AR NPy ot SE0 i BEEHH l Boi <ot sn

ranst or mat’i Pe’
vitroHshkd: gogé&iéagﬁ.nay be utilized. The pronoter may be
ANy pronot ar TEae

W for expression of genes in plants.
0, those of ordinary

' I : : | [, known . :
ons S | R T e o Vet i o

i i qui ti t nd the_ CaMW 35S pronoter
ceve B i Pt B0 ek b e s o

/ | ble pronoters and enhancers such that
il Bop B8 FERLB L AT epurbr adein e esgeeriencs s @ o

rocBELMRERL IS, A1 05, o 8o sl O0 XA OLS, - e et
acid Ut BELEOBR 1rabSro0 o0 rapaeie it id soquenco of SEQ IDNO:
2, and cultivating the cell into a plant. Cultivating the cell into a plant can involve any
technique, including those described herein and others known in the art, for growing or
continuing to grow a plant cell to a mature plant. The promoter may be any suitable promoter
and the plant may be any plant species, preferably a monocot, as described herein. Examples
of preferred promoters include the Maize ubiquitin promoter and the CaMV 35S promoter.
Examples of pl;lnt species include maize, wheat, barley, rye, and others,

[0034] In the methods described herein, plant development encompasses all aspects

of the developmental control of morphogenesis, including the coordination of cell growth,
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using various techniques well known to those of skil
in the art, including, for exanple, transduction,
W e@emssset i on or transformation of the nucl ei cP@SE2005/000335
vector into a cell and in vitro transcription and .
cell divisien antd el diffoe@BitioN land thewefidciiemnof thilstdoerdifation bel&sn & organ
nmet hod for negative regul ati on of devel opnent in a
growphand/or tehetingvveoal] plemtyprovethn ghé sanaices 6f thepRsdat abntiolchn be
with at |east one nucleotide sequence operably |inked
intrqdgcel iptocmytpbm ofinereat MsidghtechigRbewsll B wiett URINGE ariSank,hd can
a nucleic acid conprising the nucl eotide sequence set
be ukat tohiransfofsir@hyt plaiNGpecies WRing (tthniquédUpdlBtewab dkilled artisans. The
conprising a nucl eotide sequence that encodes the
sequandes do deiiftr@ivoedecunebeotontlifad il eRfidessn ARG 6ok Ie¥ @bt in the
" the cell into a plant. Cultivating the cell into a
partiphlanplant@fi intétesd] ve any techni que, including those
descri bed herein and others known in the art, for

[0039] owi nginGrprefefitd Ebdienére, 1B @¥elBpMém i ro6&xbards®nd Tﬂ@fegﬁlgtion
pl ant. The pronoter may be any suitable pronoter an

b ek g i BU0E, S REALE Bt

proville® ABAARSE FoR ProtiRingNBerMREX ookl gllo% RS ﬁqﬂg R ﬁl%th@{f g(()j&msing
. CaM 35S pronoter. Exanples of plant gpe i es 1 nclude

transTSHR a MRRAET Wik RMst opY ﬁucleﬁ':ﬂ@e &gl?&fc 0 JIQDQ)?’ fhhicelio & gr%moter,
nmet hods descri bed herein, plant deve o%ne? I ol
. i ontro

M e

IS ks Jyodi rent.i ation.and the
rIBSRRSENERY of PP REEDE SO ) DU B e
j L1, pl ant wt h.
corr o (B Lo B S A o Bln o 3 e s SRR No:

sequences O . | nVE!’]tI Ot P | K

i . . i L n cnni nown
2, ar e 6 8 i Sl bRl ok B Y, e, Lo i and
s prfle Bl R i VAN I S b Py i s prerebly o
mo_nct%%g t ]%13%3 gés io St%ég{e%fﬂa}snit %}réci]%%%lglﬁée&elgizé, (\)thea%, Jrl%?,sriyg re]mcli chers.

I Cul ar

[0036] In a preferred embodiment, the increased root growth comprises an expanded
root system. In preferred embodiments, the expanded root system includes more adventitious
and/or longer lateral roots.

[0037] The present invention also provides a transformed plant cell having stably
incorporated into its genome at least one nucleotide sequence operably linked to a promotexi,
wherein the nucleotide sequence is (a) a nucleic acid comprising the nucleotide sequence set
forth in SEQ ID NO: 1, (b) a nucleic acid comprising a nucleotide sequence that encodes the
amino acid sequence of- SEQ ID NO: 2, or (c¢) a nucleic acid comprising an antisense

nucleotide sequence corresponding to a nucleotide sequence of (a) or (b). The promoter can
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[0035] In a preferred enbodi nent, the devel opnent is
root expansi on. The regul ati on can conpri se
w0 e@n®sEsht i ng si gnals from sugar and/or a PCT/SG2005/000335
phyt ohorrnone. The invention further provides a nethod
be arfy%xt%]@ﬁ%ﬁo% TRCIH3GEBe 6fQaY plhOYhdlariding s;ﬂJcﬁEltand Isf}ﬁeferably
et hod conprising transformng a plant cell th

froml SASHocONE nucl eoti de sequence operably I|nked to a
pronoter, wherein the nucleotide sequence is (a) an

tise r
OnSEL| ST PUShE kil SN0 SRS, it s

mcoﬁgra%txht%g{ésg@n&ﬂé%tqgsi G REEMERGE RS @;ﬁﬁgmirﬂkgd 0% Fromoter,

ucl eot1 de 'sequence that encodes the am no acid

wheéﬁqﬂg% o‘ﬁtie éﬁ%}ﬂcplsl\@ a fucleic a%ﬂijhaﬂﬂgtthé’ﬁkleﬁgdet Jé&ueﬁ@é §et forth

e pronoter ny suitable

in 3‘%@ gﬁuﬁfﬁr la(;Bga nﬁcl@ﬂ: ﬁrlﬁmng a'%cfegnﬂjéoé gﬁ'éntcé Eha?éncg:@m{he amino

e any speC|es and is preferably a

acid § wg(ﬁhfeﬁge deagzﬁ%%i? 1;. él‘uk zaabln?c ﬁgrlga%% O%lg t}tﬁ&{syqﬁcleotlde
sequ r%:%pc%{rr{asgmnc%ng? gl%%tlcfregsggﬁeggé; ?ﬁﬁﬁ q’f rgﬁ))g :’%‘? é)?(yf’ltuger can be any

an expan

TR s R O iy
entlon DI QVi f ormed pl ant

invefiF g g?egsr)fﬁ? ﬁ@g%}ﬁ %I?%adﬁsc?be%?%emgenone o

ol 55 SRl e e
Pefos, PrPaHes FRRREIE g( HCltored 16t G5 h%?oﬁi?e ogree

opergtﬁﬁ Jked U5 SIS fEFon ﬁﬁcr?l?c%ﬂ 8 Seaftisal § nucteio acid

conpr|S|n an antlsense nucleotlde S . . . .

compR LR BHGFINge PEEH Ge Bk IRPQ JRER ALt B n%féﬁ)w B‘Fd e‘b‘)lpnsmg
The_ pronot er canbe any suitable promoter.

a nugjeotige seayigngs| thad pnqogﬁﬁsth%ﬁama ﬁg/ld §<f%1§pc§§f Sg@&Dl IgO 2 or (c) 2 cleic
preferably froma nonocot

acid comprising an antisense nucleotide sequence corresponding to a nucleotide sequence of

(a) or (b), and cultivating the cell into a plant. The promoter can be any suitable promoter.
The plant can be any plant species and is preferably a monocot. In a preferred embodiment,
the development comprises root growth. In another preferred embodiment, the regulating
comprises introducing a modification in an aerial part of the plant.

[0040] The present invention further provides a nucleotide sequence having greater
than 50% homology to a full-length nucleotide sequence set forth in SEQ ID NO: 1, wherein
the homologous nucleotide sequence encodes a polypeptide which retains biological activity

of the full length sequence, namely the regulating development activities described herein.
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[0038] The present invention further provides a

transgeni c plant having stably incorporated into its
w@esvonsssat | east one nucl eoti de sequence oper abdTSG2005/000335

linked to a pronoter, wherein the nucl eotide sequence

i a ucl ei ¢ i d _havi. t he nucl eotjde.se ce
ooidd, * £, e RofroRefsof Bt Reh dbsiitod e GRhb SRRSO 35d ore
ucl eoti de_sequence that encodes the am no acid
Pfe@@&l!eﬁ@é‘tgﬁz-sm IDNO 2, or (c) a nucleic acid having
anti sense nucl eot.i d equenge corre nding to a, .. -
IOO%{]CI eot ﬁg% PLGSERI SRYeBURY )*qu‘PV‘EBS) a W%S’I%B HﬁgagP’e Lglagjgn of

any suitable pronoter. The plant n, be agny pl an

roolsgRRRsiAn iy A Sﬁ@é?%b%owpag%%@&mmﬂ@?%@i iyt Teast one
al so provi des seeds of the transgenic plants described

nuclatids $pquqnee) QRFrably, Bnked Je A Prosmetsty Whgreip thyy pigleqlide seapueq5d@) 2
for regul ating devel opment in a plant, the nethod

nucleghigs Segrenge havanessrentsn thap 2% homelogitola filvepgth mycleglide ssguence
nucl eoti de sequence operably linked to a pronoter,

set \{pidlr dp SEhdDnNEX dotWhsesin éhﬁjéﬂ@elogw( riclestidy, spauppeeagrcgdes a
conprising the nucl eoti de sequence set forth in SEQ ID

polyneptide Whyph etaingchielogical eetvityonfphe Billdgngsh saguensetqrdl) a nucleotide
sequence that encodes the am no acid sequence of SEQ

sequepch@ving greaigrdhangd Opfhomelasy 4t dudentige segpenge it ensedes dypsaino
nucl eoti de sequence correspondi ng to a nucl eoti de

acids saguense of GEQ HY N8»: 2, theredm theowicleptidet Seaepncd enapded 2 pelypeptide
a plant. The pronoter can be any suitable pronoter.

whitlh estgihsbiologial v pf thie il lewpgthcicquenegm dnd sulgivasing it tell iato a
nonocot. In a preferred enbodi nent, the devel opnent

plargonffhé demologptofgthewtubleotide sequdnkeris praférably eabout 80%, and more
enbodi nent, the regul ating conprises introducing a

prefendllyf aleomt 9396. i n an aerial part of the plant. [0040]
The present invention further provides a nucleotide

[00433 quenc &hb awientiorg fusihtreprotiiena n@¥old afglragytidgoroat expansion in a
full-1ength nucl eoti de sequence set forth in SEQID

.plaf¥iQhe Inethol @bbfisihdBarRfomming@qikmt Belt with i ldast segnieiweade sequence
encodes a pol ypepti de which retains biologica

ope®lyl liiked to a promoter, wherein the nucleotide sequence is (2) an antisense nucleotide

sequence corresponding to a nucleotide sequence having greater than 50% homology to the
nucleotide sequence set forth in SEQ ID NO: 1, or (b) an antisense nucleotide sequence
corresponding to a nucleotide sequence having greater than 50% homology to a nucleotide
sequence that encodes the amino acid sequence of SEQ ID NO: 2, and cultivating the cell
into a plant. The homology of the nucleotide sequence is preferably about 80%, and more
preferably, about 95%.

[0044] Thé present invention further provides a transformed plant cell having stably
incorporated into its genome at least one nucleotide sequence operably linked to a promoter,

wherein the nucleotide sequence is (a) a nucleotide sequence having greater than 50%
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of the full length sequence, nanely the regul ating
devel opnent activities described herein.[0041] Te
whoowolosssyl of t he nucl eoti de sequence i s pref eredi/gG2005/000335
about 80% and nmore preferably, about 95% [0042] The
honRIF4Bta RINRAkth HhckitidehudiEO Wt (BRn Gn FBLNES NGO 1, wherein the
negative regufation of root expansion in a plant, said
I ..
oSSR ERAREL il CAISECE 0B 8aPl AR ) bl o
r A41C S
e SRR e84 )0 AR BUSL AR EHERS Sy o«
. - C kde f LN SE
oY blhod APLEIch b AR REQURRE P Shol 1y
nucl@%‘%g@:}?ﬂ%e?%c%%g ?E)iogl%fcﬁwile %xcﬁl%tgilng] gié)ggg:lzﬁlloaggfi%'laof the full length

act I vi ength sequen

B S BRI RBEBheh L
EO | NO - 2.. in, ! [
© SSR58 BheRR g RS LA SRk 5,

RS LY, o e, b TR peauence: end,

oo} SPLLES PSENCTRGE RGhShSTl SRRl S Sy
e FEORES BB TR B RS e ot
et Dokt SRRl PO S Sgence SR el L LAt

an anti sense nucl eotj de sequence corresponding to a
homﬂﬁ@/ &R ﬁ*&lg%% SHeleotils \seanpnes ech iyt dm §ﬁ856%\‘€gnb| Weppein the
to the nucl eotide sequence set forth in SEQID NO 1,
homglogeys)nugleotidn segusnse epiedped polmrepdaywhish aeteiny bielogisaldctivity of

to a nucl eoti de_sequence having greater than 50%
the fy8 denediysequencs, by megertifle ssegnesnaring eagates theodi®4o hemeology to a
am no acid sequence of SEQ ID NO 2, and cultivating
nucleqiide sequenganthat epcpdesribe amive asishasiesgye of SEQADN@! dovhatein the

) se%Fence is preferably about 80% and nore
nucleotide sequence encodes a polypeptide which retains biological activity of the full length

sequence, or (c) an antisense nucleoti(‘ie sequence corresponding to a nucleotide sequence of
(a) or (b). The; homology of the nucleotide sequence is preferably about 80%, and more
preferably, about 95%. The invention also provides a seed of this plant.

[0046] The present invention also provides a transgenic plant whose genome
comprises a disruption of the Oryza sativa Lectin-Like Receptor Kinase 1 (Oslrkl) gene,
wherein the disruption comprises a Ds insertion, and wherein the disruption results in the
transgenic plant exhibiting increased root growth as compared to a wild-type plant. In a
preferred embodiment, the disruption is a homozygous _disruption. In a preferred

embodiment, the disruption is a complete knockout of the Oslrkl gene. In another preferred
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preferably, about 95% [0044] The present invention
further provides a transforned plant cell having

W@ e@blogsspncor porated into its genone at | east PCESG2005/000335
nucl eoti de sequence operably |inked to a pronoter,

o0 B O S b AT e
. ' [ EQ I D
R At T e N
G b S T —

ence, having greater than 50% honol ogy to a
long%‘j%ﬁémgfolo e sequence that encodes the am no acid
guen of SEQ | D . 2, wherein_the nucleotide, .
1004 ]:q uen cclg’ 28§ 8@8@?% Bl‘gtVBé@B’PF izt ghibits P@gﬁj}cﬁ@ns In its aerial part.
|.engt h, sequence,

bi 9l.0gi cal tjvit f full
e B by 55 Pt Ao L s
o BT oSS SHETBREL Y i oS e 2

s e preferaply, about 95% [0045] The present

h‘gh‘?qﬁﬁaé‘rfg?t&ﬁa a&r%ﬁﬁﬁ%vi des a transgenic plant having
tably incorporated into its genone at |east one

10043}, c| eotlP droberfirehndineh dhaBnpesninRlant exbibiis phypwscasitivity to D-
wherein the nucl eotide sequence is (a) a nucleotide

galactosg AsncsnmaEed; togthat efbe ewild-tyam pkmis Honm sl urthsr gmbodiment, the
full-1ength nucl eoti de .sequence set forth in SEQ ID

flowqyimg ig delgped by abauk &ivh derabang Sersn fary avcintrredetgiibs Bewering in a

..encodes a_pol ypepti de whi ch retains biol ogical

wild-fypeiplanty The traReeenig|plant of ghetpresenfuisraion,(Whenamature) emteddbout
sequence having greater than 50% honology to a

30% thalter dsmi «jwilé-ésmqe%@é gtavent inevroidatewnditiensa nTheotransgedic plant, when
sequence of SEQ ID NO 2, wherein the nucl eotide

matutse giredrdiebierhontdEo mopohrghet indts paticleh thae awilistype plant grown in
bi ol ogi cal activity of the full length sequence, or

simil§regonditionnt Theenaegamichleo] itde: sedliytaecanrexiipiindhog lémth of
a nucl eoti de sequence of (a) or (b). The honvol ogy of

about Heo niiro¢se dtak ddf & ewjilibtype ilant pgreweriabsiynilab oufidi®@Rs &N dnother
nor e

embodiment, the transgenic plant, at the seedling stage, can exhibit about 56% more

adventitious; lateral roots than a wild-type plant grown in similar conditions. In a further
embodiment, the transgenic plant, at the seedling stage, exhibits lateral roots that are about
74% longer than lateral roots of a wild-type ‘plant grown in similar conditions. The
transgenic plant can be any plant species, aﬁd is preferably a monocot. Preferred species
include maize, wheat, barley, rye, and others. The invention further provides a seed of the

transgenic plant.

16



preferably, about 95% The invention also provides a

seed of this plant. [0046] The present invention also
wWEe@eioskssl a transgeni ¢ pl ant whose genone conpPCEEG2085/000335

di sruption of the Oryza sativa Lectin-Li ke Receptor

i nase . Osl LKl ene, .wherei n the disruption..
00udlonor Jue enon eBERoE B el B HP bl o, 0t
results in the transgenic plant exhibiti i ncreased
Bonoy RS BT 20 o5 TIPS (YRS 1 iR SR of the
prefer r,e%ﬁsenbodi ment, the disruption is a honozygous

ATGgodon igdts st eX9P- o preferred enbodi ment, the disruption

is a caonplete, knockout, , of the Irkl gene., | n another

10057 of er FIBREMEBRTIARPEONAS A EReb B P B o S B A R, the
bp downstream qf . the ATG codon_.in the first exon of

methpd, coregisunel TEUPHIEing e, ASHOTE 0! GrRUSKICHL IR ComBREe F ABTRgR gL the
root growh is_an expanded raqot, system | .anoég]%r .

Osiridrngsae whssgin therfisrantion sawarises tDsPer g, P%?Lﬂ?.i ngfieell into 2
adventitious or_longer |ateral roots. [0047! 'ﬂ 8n

plante 8 draferErd, emmélm%%lseg@ﬁp@w&u%Poréwﬁﬁet%@?‘ému of the Oslrkl gene.
nodi fications in its aerial part. The nodifications

In a prgferisd embpdiaent, & dguptips) ing damprygrps disyptig: Hy Prpbodiment,

. seed yield as conpared to a-wild-type plant. In_ an

the inerbasdd reoit srowiecompgisey aw cappngedorapt isystemy j 1) @ prhedipent, the
about 20% hi gher than that of a wild-type plant.

expafi(¥0489t systemrinelidss monhediientitions andier longen i@é@hli 1eots| & preferred
exhibits a hypersensitivity to Dgal act ose as conpared

embadimertiathe d¥s insenfidndis flgoated gl1Ap downsteeasy ¢f the ATIG ¢asen in the first
enbodi ment, the flowering is delayed by about five to

exonaf thetOsd@V gemedays as conpared to the flowering in a
wi | d-type plant. The transgenic plant of the present

[0051]nVent i Khe, presestrinvemtion &yrtheaprotidesah mathod 0Fanodifyig theragrialgpart
wild-type plant grown in simlar conditions. The

of a tpladf) SHE Rriethofl | catiprising) @nnipalating thegenorex lof bitlardlsollito F@Bprise a
nore branches in its panicles than a wild-type plant

disru@fioavmofi the SOsTHI agene pmdieieiro . diftuptionr anmgeses ca @dhsafisertion, and
the seedling stage, can exhibit a shoot |ength of °

cultivating the cell into a plant. In a preferred embodiment, the disruption is a complete

knockout of the Oslrkl gene. In a preferred embodiment, the disruption is a homozygous
disruption. In an embodiment, the modifications in the aerial part of the plant are larger
leaves, delayed flowering, or higher seed yield as compared to a wild-type plant. The higher
seed yield can be a yield that is about 21% higher than that of a wild-type plant.

[0052] The invention further provides a method for increasing sensitivity to D-
galactose in a plant, the method comprising manipulating the genome of a plant cell to
comprise a disruption of the Oslrkl gene, wherein the disruption comprises a Ds insertion,
and cultivating the cell into a plant. In a preferred embodiment, the Ds insertion is located

117 bp downstream of the ATG codon in the first exon of the Oslrkl gene. In another
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about two tinmes that of a wld-type plant grown in
simlar conditions. In another enbodi nent, the

wo e@omspsmi ¢ pl ant, at the seedling stage, can BXNSGR05/000335
about 56@6n0re adventitious lateral roots than a

prefevfrm.ﬁé Seh‘%%g'e 8]%@ d%r YY{;II}] 1@ Sdomgie?er kﬁ&ﬂ 1:t 6foﬁ]1§ OJlﬁcl agene In a

o ran eni c ant, at

t I

AR S, e sbou
ol B O AR o

Preferred speci.es |ncI d wheat e e
gene.qKRPTep il s B’fﬂgo'i‘ ?19\/]8??11?% ﬁﬂ%r O%F“eﬁpo?f%ees g' c\s,{’g%]rtlnl)41 fpe first
et eni ¢ plant.[0049] The invention further
mmnﬁfﬁ?#%@gfg % sol ated nucleic acid conprising an Oslrkl

0058500t e bt FURR B PTG RYGEIE BT PIV D Pl agealy

activg PsFieR e%é"%x%%lﬁ‘»? Y et A oAb apier R f AR ediu when
conpri sing mani pul ati ng the genone of nt cell to
produsegy "Seorabiams SRS G SDREELY T o6 SHECA BT fiether
dlsrugtlon conprises a Ds insertion, and cu tlvaéL
chemiqpds when chemigally pmifissized n Prefgsably.ent isgl a@ﬁml%ml
di sruption is a conplete knockout of the Os|rkl gene.
sequngesa(psefexrlly paeteia ippendingessauenasy that waturakly Sank; the gucléic acid (ie.
. honozygous dlsruptlon In an enbodi nent, the increased
sequensest lagatedvah theoHnil S endsnofethp aneleig aciddin Gipsgeaamic RNAnof the
enbodi ment, the expanded root system i ncl udes nore
mgmadnéNM1whm@ﬁwamdmgﬁMHyﬂUGVﬁiateral roots. In a
preferred enbodi nent, the Ds insertion is |ocated 117
[005%ip dowier EdymuckeotideeoAT@ldodeid domppsitiorsi ofsthe epressnipfnvention
the Gslrkl gene. [0051] The present invention further
inclufe BNAJeDNA, rgendroid IINAnsyditeté fogms, raed adxddapolyyagrs, beth sgnse and
plant, the method conprising manipul ati ng the genone
antis@fse atrphdanandcmby bt ehemioglyi srebiachemically modified or may contain non-

e of

natural or derivatized nucleotide bases, as will be readily appreciated by those skilled in the
art. Such modifications include, for example, labels, methylation, substitution of one or more
of the naturally occurring nucleotides with an analog, internucleotide modifications such as
uncharged linkages (e.g., methyl phosphonates, phosphotriesters, phosphoramidates,
carbamates, etc.), charged linkages (e.g., phosphorothioates, phosphorodithioates, etc.),
pendent moieties (e.g., polypeptides), intercalators (e.g., acridine, psoralen, etc.), chelators,
alkylators, and modified linkages (e.g., alpha anomeric nucleic acids, etc.). Also included are
synthetic molecules that mimic polynucleotides in their ability to bind to a designated
sequence via hydrogen bonding and other chemical interactions. Such molecules are known

in the art and include, for example, those in which peptide linkages substitute for phosphate
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di sruption of the Oslrkl gene, wherein the disruption
conprises a Ds insertion, and cultivating the cell

WO p06/0388pl ant. 1 n a preferred enbodi nent, the PCT/SG2005/000335
di sruption is a conplete knockout of the Oslrkl gene.

. QW@ LT e disruption.s a .

lmkh%r%%%%%@%@%r up ?gllrﬂ I Ir?' a'?]&e?lgg%rldlf #5%4‘3? Otfﬁée Invention may be

: jf ' (.h the aerial part of the plant are
1301{‘9@65 ﬁﬁ%ﬂgg@il’)ﬁr o

ar ger | ayed fl owering, or highﬁr seeddyield
a i ld- l. : ' r seed. .
1008 " Rk et hof cller ABSp o b 5%@.@% Ry OFt gl inseion
i | d- I . 052 [ tion .
morkel Hor e e GoE 81 BoRBline bop s s §oS SribWieomesyey, oo

. lactose in a plant, the nmethod conprising
reedy B AR et et i) i FIrgmPOPERS LOUAF fhghogt ol
0 wherein the disruption

s BRSS!l S SR

into.a plant. Ln a preferred enbodi nent, the Ds, i
Syml‘ﬂ%?e Pt isg’ﬂﬁ‘?ﬂ? Pigm edychy 167 igug Sfritst Prigiin % f memHulatipg, 1) is not

codon.in the first exon of the Oslrkl gene. In )
aSS"é’ﬂB@ Wé‘ilhﬁﬂ]é’ff BPPELP &f B BavARIRotids with whigh s pesacipted in natuée; 2)is

I rkl gene. In a preferre

“nk%ffgglﬂ%h@f\‘lfiggq%g gﬁ{% g‘;ﬁ 1:812?@?”81}@ iaiSﬁbﬂmi e @;%r 3) does not occur
. disruption. [0053] The invention further provides an
mngeey 5t ed Ds i nsertion nutant of the Gslrkl gene,

wherein the Ds insertion is |located 117 bp downstream
0058}t he Trestersassombingienteleios aoids eomprisinghesq@sicek bibgevie. not

[00S4] As used herein, an isolated or purified nucleic
natunally pcjpripg gree pdditionally petvislgil dul this imuerition. pblthdughn the described

thereof, is substantially free of other cellular
sequaRpeR ey be emplexsd: thew will difiem batrdiaredr egy dgdielsion, substitution or

reconbi nant techniques, or substantially free of
insetgipi cal precursors or other chenicals when chenical l'y

synt hesi zed. Preferably, an isolated nucleic acid is
[0058}?»/66 ofPreteiquerdiBetiony ef fergatehly apr poeided ’Bﬁd&diré@pt mvention for

sequences) that naturatly flank the nucleic acid (i.e.
wildeype) gad omant SARE] pdlyfehtdes’ or frgmBits ehetsofofhich rd ibs@httally

acid) in the genom c DNA of the
homologous to primary structural sequence but which include, for example, in vivo or in vitro

chemical and biochemical modifications or which incorporate unusual amino acids. Such
modifications include, for example, acetylation, carboxylation, phosphorylation,
glycosylation, ubiquitination, labeling, e.g., with radionuclides, and various enzymatic
modifications, as will be readily appreciated by persons of ordinary skill in the art. A variety
of methods for labeling polypeptides and a variety of substituents or labels useful for such
purposes are well known by persons of ordinary skill in the art, and include radioactive
isotopes such as 2P, ligands which bind to labeled antiligands (e.g., antibodies),

fluorophores, chemiluminescent agents, enzymes, and antiligands which can serve as specific
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organi sm from whi ch the nucleic acid is derived.

[OGSS] The pol ynucl eotide or nucleic acid conpositions
w@Roobkssspr esent i nvention include RNA, cDNA, gRCDSGZ05/000335

DNA, synthetic fornms, and m xed pol ynmers, both sense ‘
i ' - and i,cal r pe
s U R é?%“ﬁo%ﬁ%%g %lgltheofensmww

[ [ t S a il he.readjly .

e R Lo BB R BBl Syt BRuilER Y avaitaic

instiRfdhfaliGat 1 ons include, for exanple, |abels,
e met h{f/il ation, substitution of one or nore of the

(007, o muic BEFHEL, Bhlton 3B Ty DoPn@hopai. e proson
invebﬁ%ggr%g}?gsgn ﬁ(rj g{oie?’lrcr:gfl h?c'%igﬁ_&x?érﬁ?n sg%@ﬁ%’in.o c}hggr% thrcakyﬁgé{yglrgé "The
e, G o TEN e 15 o RORSEHR IS Pl ot oo or
protdifipfh poiBSblial A OT 8 SNy el o ). oneLAterS

onmeri.L nucleic acids, etc.). Al so_included are .
[OO@E nt het 1€ REFPEL df"éﬁé’%‘?‘h Aso nﬁ’rﬂg’ ifesp firy fision ceplyngptides,n comprising

ir-ability to bind to a designated sequence via )
OS85y BRP 968 e ctrof aRcRRCRIoF At GBI thcEDiotins
nol ecul es are_known in the art and include, for
as kpowp ip dhe’ prh, sHomploggs rolypepfidesianayi bk Ausiass hetyesentiwpeor more
for. phosphat el i nkages in the backbone of the nol ecul e.
P°lym?§d€ Belqi}g‘l%? wdehrsa themequerces pl/@dR iohandmyrelstediprad¢int biftewise,
substantially pure. [0056] Recombinant constructs
Py é‘?lﬂﬁs pRebiranpirctederiich weulderbihing eqmetiinatiomof properties or
.thereof, nmay be capabl e of replicating autononously in
activifies 9& thecderivative) nrefeinat Foretxpmplehbgand bindiignermithar closiing ofay be
may become integrated into the chrompsomal DNA of the
"swapped’ hebygen deffrrent aew g bolsprptiges| o rfeagineotsi dick dompolog@s or
a pol ynucl eotide of genomic, cDNA, sem synthetic, or
heterglpgpyscipion pelypsiptidestashdismlay, fir examplefalteted suerigti or specificity of
mani pul ation, 1) is not associated with all or a
bindipgr andomapfincludro fyrneramplet patmesi suoh Wisi mmirogiobulins, bacterial ¢-
associated in nature; 2) is
galactosidase, trpE, protein A, c-lactamase, alpha amylase, alcohol dehydrogenase and yeast

(0]
hetex@

alpha mating factor.

[0061] Fusion proteins will typically be made by either recombinant nucleic acid
methods, as described below, or may be chemically synthesized. Techniques for the
synthesis of polypeptides are well known by persons of ordinary skill in the art.

[0062] Other protein modifications include amino acid substitution. Substitutional
variants typically contain the exchange of one amino acid for another at one or more sites
within the protein, and may be designed to modulate one or more propertiés of the

polypeptide, such as stability against proteolytic cleavage, without the loss of other functions
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i nked to a polynucleotide other than that to which it
is linked in nature; or 3) does not occur in nature.

w( 00&P38sTher ef ore, reconbi nant nucl ei ¢ aci ds cPOPSGHIOSH00335
sequences ot herwi se not naturally occurring are

or pg%grlt{ek Og%hhé( afll QIYBSHEHO %}’%ém?&v&pﬁk %ﬁsm 6F gl{ﬁﬁﬂptﬂ Eaarity,

scrib sequences nay oyed

char, % %(Jrh%bqﬁtﬁd hﬁl%glgﬂbw@(/o?gdr Hll@cg;?'afl g}fﬁgéﬂéﬁﬁ?a‘%c natu{e of the
resxcﬁlr mQ'{)ﬁ& %fepr\éd %Jb‘?mﬁfn&g%% on'eQ%ﬁiQfl ar%rko];ls% a\%é Qﬁaﬂ% one a ino

ypepti des’ or ment s eré

acidd 1s r ?a%gét aﬁ]lt én%l lf%}%rrlll?ag%*ﬁ E)g M ]pflargcp r gonﬁe ter slﬁ%stﬂutxon? arlenwell

e nce
ol ?:%?n§?£°°3ﬁaa”§<ﬂall% AR, typl°%1¥cw°lag%d?fcru@ﬁe*f’to%xg‘fuswely,
S“bSBﬁ%‘S%% 3”#%“35‘%6 ﬁﬁ"‘&r%%ﬁﬁrres;ty efjine e e fpfefine, ovoine

n r.adi pnucl i des nd var
aspa&tf?zw%ﬁq%t i SR, DT e RSy RS, arininc; and
gg E zéed by persons of ordinary skill in the art. A

yrosfis PAFYY 4 et hods for | abel i ng pol ypeptides and a

rlety of .substituyents | ahel s seful for
10065 [ pose@e%ﬁné 1 QoY 89 sbt@rlg%ﬁés oaptbaf ATy %F“éklplai protein
art, and. include radi gactive isotgpes such as
Sfmﬂé&fp Wlﬁl@@fafme%ﬁ fedpssint fretpgiive QB’@F’@&%WWI *g\afﬂa%mreé sygh as, for
anti bodi es), fluaorophores, chem | um nescent agents
I@H%’y%?é‘ée““hﬁém&ﬁ?glPli‘Sg%fn%i’élb%?ScW inging sitcpeongpbstrate molecules or
speC|f|cb|nd|ng pair nmenbers for a | abeled |igand. The
bindingsitepop profeipsantereiemvish amh pelyeeniidps Sinee jtis the irerpqtivg capacity
ease of conjugation with the priner, stabilit . )
and peiyry ploammeisin wikeh defiick At @rqtein’s M@@a&tﬁlmon% @%gqy peytain

described, in addition to substantially fuII-Ien%)
amn}yr@tcbwbshtutlw opn be anatle inpmteinoieqanosiateé ifs paagderlying DNA coding

bi ol ogi cally active fragnents and honol ogs of the
sequpusiey pruloteiveirthelesT plggain a protein with like properties. In making such changes, the

hydropathic index of amino acids may be considered. The importance of the hydrophobic
amino acid index in conferring interactive biological function on a protein is generally
undersfood in the art. Altematively, the substitution of like amino acids can be made
effectively on the basis of hydrophilicity. The importance of hydrophilicity in conferring
interactive biological function of a protein is generally understood in the art (See e.g. U.S.
Patent 4,554,101). The use of the hydrophobic index or hydrophilicity in designing
polypeptides is further discussed in U.S. Patent 5,691,198. These patents are hereby
incorporated by reference in their entireties.

[0064] A recombinant nucleic acid is a nucleic acid v\}hich is not naturally occurring,

or which is made by the artificial combination of two otherwise separated segments of

21



term "pol ypepti de" as used herein refers to both a

full length protein and a portion of the protein as a
w@oiogpsssti de fragnment. [0060] The present i nvePCT/86G2005/000335

al so provides for fusion pol ypeptides, conprising

sequ%ﬁle Rl(fhl? Qlaﬂﬁ?ai’ tcblgﬁfﬁatﬁarﬁdls TR q@&h‘é}hﬁﬁé@ rt@o&th@f‘ ghemlcal synthesis

es or ragnents o protelns as known

mea%sn?lgvngﬁ Iﬁﬁcwmlpme% méa&%gqsﬁs 5B cRE afcit'fé | 5%y gonetic

o or ypept i sequences or

englﬁl_eefzg%ﬁe%ﬁl%qﬁ N 'ﬁ‘f }éﬁlﬁﬂﬁg i ‘ijne%ntr t%le?i&%ngpapg 9 gdenwhxch is removed

St er 0 ogous £Sions e conStructed
romiih Rt oY b 8 %?%aﬁ%ra%t o P ERegroduct i
overtgu RS it JebanR ke PR oD ﬁgne . o 3BRGHed promoter or
enhas Rants lacggas%vﬁﬁ%f’p%"gﬁ#%ff R Ter ca
o o e Bl L0 AR O P e
of e g i e, BB TG A s e et D ﬁ@% i ke

factor. [Q061] Fusion proteins will typically be made
Ofmgy“§$?ﬁ%#u$%konblnant nucl ei ¢ acid ne?ﬁods gs
escri bed bel ow, or_ may he chen1ca| ntheslzed
[006¢kchni kfsee EBIOURLR Ofs §}’ﬁt prigusleghides of é‘@p‘? wak l%ﬁeéﬁ% pay be
known by persons of ordinary skill in _ the art. gggL
prodagadely pswitablenharbaslt iransforpRd wﬂihcq perdeotifls prAvERCP diescn erein.
substitution. Substitutional variants typjcal
Natvea) rpr gypihetireplympispiide Bremsnts wingdonibe gentisle %ﬁo‘i/eﬁ‘é‘?d fxagment
one or nore sites within the protein, and may
can e sihempetated inipdigPembina robmupipgtisde mogfb‘@\CESu §°taﬁs):t1h’éany DNA
pol ypeptide, such as stability against proteolytic
constrheiacageble wf itioductiohdntogmd rerflicationein f prakaryigsereukaryotic cell.
properties. Amno acid substitutions may be nmade on
Typichlly, Beesvestasd will he buitableyfor reppieitian in § um@ﬂﬁﬂ@gélost, such as yeast or
sol ubility, hydrophobicity, hydrophilicity, and/or the
bacterinp hutpaayhale beanigndeddbr intreduction to (with and without integration within the

genome) cultured mammalian or plant or other eukaryotic cell lines. The most commonly
used prokaryotic hosts are strains of Escherichia coli, although other pr;)karyotes, such as
Bacillus subtilis or Pseudomonas may also be used. Mammalian or other eukaryotic host
cells, such as those of yeast, filamentous fungi, plant, insect, or amphibian or avian 'species,
may also be useful for production of the proteins of the present invention. As is well known
in the relevant art, regulating polynucleotide expression can result in regulation of
polypeptides encoded by th§ polynucleotide.

[0067] Expression and cloning vectors preferably contain a selectable marker gene.

Typical marker genes encode proteins that a) confer resistance to antibiotics or other toxic
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resi dues involved. Preferred substitutions are ones
whi ch are conservative, that is, one anino acid is
wOo epbasssoi wit h one of simlar shape and char gePCT/SG2005/000335
Conservative substitutions are well known to persons
f ardin Sskill__in.t:he tvypi gal Ly .i .
sl L JhiSl] b BBl | HEL O, Lokl oot
deﬁclfiegllgieg,vgr% élg)rp?yucpnsd.calgll@ﬁ%n&enot Q'llaqlgﬁlg glforﬁé ?Au ﬂ?& media,. e the gene

ucl eucli ne; aspartic aci am Cc acl a;
as i.ne.  dlutammne:..seri reoni ne;. | ysi :
oncoffp B TR g, LR Bl i Bt sty e wit

amin cids.may be substituted for her_ am aci ds
cepefipom s AGrP "B pREORPE ko it B by R E VP ai} Sporsons

i,nter ive binding capacity wth structures such as,
Ofmﬁﬁ?qﬁgﬁtﬁxg?“gntigen-binding regi ons of antibodies or

i ndi ng,_.Sit bst at e, nol I bi ndj [ .
T L
is the .int cti C ' d t f '
and. (i EIGEE (LA TRt ORei e 8081 STl SEl PaRE FRapede o8, by
infoofinm ot SUiceIoR SacR GRERduceH AP M RSE f B MoRaE B g 0

sequence, and nevertheless obtain a protein with |ike
persois g e9rdingyy. skilh indhs ai Which varyadrpseding ga the, g pRft geitpler host,
. _index of am no acids may be considered. The inportance,
inclugingt plectERparatigto BresiosHph Craeying salelvmy shlogas erupidayn chloride,
interactive_ biological function on a protein is
calcigan phesphate UREAEdestrn. | o7 other suhstanpgs dnigreprojestilp berpardment;
. substitution of |ike am no acids can be nmade )
lipofeqtiont infestipy (wiere the vieeter i apfinfigtipus pednk.isueh ¢s a pieviral genome);
i nportance of hydrophilicity in conferring interactive
and ¢therl ogtherds! The indtodention of the mog'nmlwtidgs igtortbe gqmlt gell by any method
understood in the art (See e.g. U S. Patent
knowdy B5the BE inclufiing, ingee abh:, thhse dppetibop labeec wilhbexefored to herein as
hydrophilicity in designing polypeptides is further
"trangfosroatsee'd The ctllsSntoRghicnhave bge intro@uced medeic peitle dessribadatbove
hereby i ncorporated by reference in their entireties.
are meant to also include the progeny of such cells.

[0069] Clones are selected by using markers, depending on the mode of the vector
construction. The marker may be on the same or a different DNA molecule, preferably the
same DNA molecule. In prokaryotic hosts, the transformant may be selected, e.g., by
resistance to ampicillin, tetracycline or other antibiotics. Production of a particular product
based on temperature sensitivity may also serve as an appropriate marker.

[0070] Prokaryotic or eukaryotic cells transformed with the polynucleotidés of the
present invention are useful not only for the production of the nucleic acids and polypeptides
of the present invention, but also, for example, in studying the characteristics of OsLRK

polypeptides. Plant cells transformed with the polynucleotoides of the present invention are
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[0064] A reconbinant nucleic acid is a nucleic acid
which is not naturally occurring, or which is nmade by
W b@omssspf i ci al conbi nati on of two otherw se SPOESGL008000335
segnent s of sequence. This artificial conbination is
ften accanplished by. ei ' RESdes ofBAResent
usetu i forBFEVGE PR S e a P S an S OBEHeS o pfonen
. of nyclei ids,.e.q., b ' ' L.13d ; ts that
inverfigny i oot & i oSRA S, T RORREAS intg plants da

gen mhéch is renmoved fromits normal regul atory
have kﬁﬁ@gg‘%ﬁmﬁﬁﬂg??gl 's, as in the case where a gene

o BB RE ui  B FRORE Bl o
oSy SPRRRh o RS SRS oA i

. refers to those sequences. which. affect the express]
cithop SeRsh T UNETEP RERHATHY Y BRSCH itaﬂf’?towlpg?t Ph e Bhygnale plon
e oA g R e bl enl s g

pol ynucl eoti des of the present inyention_nay,k be . .
expriseio e sy B SapmBlisdhi R pualRy Ao FERTSm B dptired gone i
nucl eoti de sequence described herein. Natural ar .
clonegyandhenerably Bnkedie| e piomaisr Frdlgthahthe aatipns, st QRN will be
peptide or a desired fragment can be.incorporate% i?ﬁ? .
transpialerdndihe apnstet iy e frarsforaed Bmlants andsthe gaiisprie sirand of RNA is
usual 'y DNA constructs, capable of introduction into,
prodeced. e plantedls.cibh hasbesn ghaswathgtentisenss RN Mdahibity gene sgprpssion by
Typically, the vectors will be suitable for

prevergipk itheactwmlatipnapf a4 whish grcodessthe engyjeg ogintsfeskst  or
bacteria, but may al so be intended for introduction to

[007¢Mi t h dnsbrivenah ouitagenesisgvathi SrDNt #11dn tieRpospBA ool as AC/Ds,
cul tured manmmal i an or plant or other eukaryotic cel

Spm/En) epresditea postrid contimfuyctiosal geprmuksasyibmpdiatepging kgpdk-out and
strains of Escherichia coli, although other .

can feEWkArayatuest pletahpea s(RBaetHahdran, Sulanil Sundagesap\d (A HYn d2espite
may al so be used. Manmalian or other eukaryotic host

the sh@plicsty ofusing IsDNAa®agress érstispodable atrmrents afier sevgral advantages,
pl ant, insect, or anphibian or avian species,

such as single insertion in the genome and the possibility of rescuing the inactivated gene by

remobilization of the transposable element.

[0073] Other techniques known in the art, such as miRNA, RNAI, and sRNA lead to
gene inactivation by degradation of its transcript. (Mallory, A., and Vaucheret, H. (2004);
Dawnward, J. (2004); Finnegan, E. and Matzke, M. (2003)). One of ordinary skill in the art
would readily recognize from the teachings herein that such techniques are suitable for
suppressing the expression of the Oslrkl gene product in accordance with the present

invention. Thus, the invention further provides a variety of methods of inactivating,
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may al so be useful for production of the proteins of
the present invention. As is well known in the

WO 2006038391 art, regul ati ng pol ynucl eoti de expr eBGT/SG20085M00335
result in regulation of pol ypepti des encoded by the

dismgti;r Ctg rgwéeq) %Qﬁeactljv:iﬁp& ?ﬂe%ﬂqh&bgml%né/ %%s%&ducts

con sel €ct abl e marker gene.” Typi cal

to acfénsiv tﬁ? 1%11‘210?61‘]8&9800?%% %Eﬂ& ?faﬁ]@ aﬁ S%&i)&ﬁlg HCSEI%CI%E).%HIC €

ICS Oor O OXl csubst ances, e.g.

[0071@rrpl ci hlgh?ghgﬂg gq'ygéegedln@gé%?@tﬁéab& of bittin )skill in the art can

onpl e I encl es, or c)” supply

R L
B f I
o b el A LA &gz@egﬁpég?%psﬁ gy

. %HE for different hosts are well known to persons
dmnﬁﬁﬂB? oHa¥y skill in the art. [0068] The vectors
contai ning the nucleic acids of interest can be

transcribed in V|tro 3@&?“ resulting RNA introduced
|nto t he host cel'l KHO net hods, e. g , by

ection,_or the vecto an_ be troduc ect
(0075t o hoGte Mexams Isgfatien mfﬁsﬁmwekﬁﬁww%é% ek} Handred
ordinary skill in the art, ch va end n§%QmmﬁPFet
F3/F¢ peee BAP Be Pginsertigpdines, |8ﬁfar*l§ Pfﬁ“@? $RYR Bl

transfection enpl oying cal ci um chl r|d rubi di um
al., 200 Mietresubisgtedite msmlrogfﬁﬁ% SCECAE:- 8@59?% 3}?83 B?HSB‘BSH‘&?’ a Basta
substances; mcroprojectile bonbardnent; gpk‘ #E tant
resistant @er 1) dine (Wihen SbYIReS RhseatEe 28 SR pRGie glén { he mutan

such as a retroviral genone); and other nethods. The
planisrshewetli tongermandfbreager Eﬁé?%@é#eé@fhnﬁé@eﬁ of ol bRrdies, @B 2s 2
by any nethod known in the art, including, inter alia,
result,higigleer desdt yicks thantby ildvyid (B8 plentsrFigyra bTHRP d)-nlhgsmutant
"transformation.” The cells into which have been
pheriotype ouasceabln i Isedoessivei gpverdienss | Bisd (Bigge d Adradniguiigenday old
al so include the progeny of such cells. [0069] C ones

(Tabkr &) melasicteedtingy grmimig M8 miediashowedehogt legsthriwe figchingger than
of the vector
WT seedlings grown in similar conditions (Figure 1A, Table 1). At the seedling stage,

mutant plants had 56% more adventitious and 74% longer lateral roots (Figure 1B, Tablel).
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construction. The marker may be on the sane or a
different DNA nol ecul e, preferably the sane DNA
worioeosssel | n prokaryotic hosts, the transfor nBCt/SGEP5/000335
be selected, e.g., by resistance to anpicillin,
Tableat msﬁfﬁﬁemﬂa@ae%bﬁéf@mcl iv@it.cs. Production of a
particular product based on tenperature sensitivity
may al so serve as an appropriate nmarker. [0070]
Pr okaryot| c or eumyotl c cell Dsirk BNk ned Vﬁ%’lué he
pol ynucl eotides of the present invention are useful
not only for the production of the nucleic acids and
SRSt Y ?mt(bﬂlses of tdm+pspsent i nventdeangs)but al S@ooéor
exanple, in studying the characteristics of OsLR

LGRIRERPEE o aePO1 Y pr coent CrBEH Pon ar 238&%
L& gbopEn: Y“dQE 1360000 pr osont LA Don T?ﬁé’o%%' fes
NSRBI TR o A GHD { hat  hav O B3y undefg8he

some growth. [0071] A polynucl eotide of the present
Nonafesp¢dson can bHsSe&pf@tsed i n el2196k2066Shse or 0.008
antisense orientation, as desired, It will be

appreci ated that control of gene expression in either
Neemlyentgiousirooissens@3@diédht at i on c&BHBYB a di r e6000

i mpact on the observabl e plant characteristics.
Lﬁ@&l&%ﬁa&%&ﬁ(‘cm}ol (0. oW i n t heepkzrycan be gogg
conveni ently used for géne expression in plants. To
acconplish this, a nucleic acid segnent fromthe

Leafd@idin 56 18808ydre nﬁhéﬁ%q‘rcﬁtpglaﬂféef AbhtH-od 1515;&9 to a

Shod%'i ﬁﬁmﬁé&%@a&&ﬁﬁh&u@ ?oo@@&ﬁcﬁlﬁt@&gm%ti wite KNA Wi I1 be
dete: é%ﬁﬁn% RES Qhehxﬁmt ?T ﬁ EJnﬁfe{m dinto
atzslG Qe d N Rins % E td Rakl 8 ql ced. In
Stan g;% v-%ﬁ alu} is vl mﬂaapen ese I %ge Earameters were
sub]ecte m[-'igé r\e/;\li%rovh enc O <%g) eaI'I]lZ thr}rl,g were

Slgm 10% 1 ere]f 0072] Insertional nut ageneS| s with T-DNA

l"”ﬁﬂﬂetr 1[ { BT Riaf’ nt cﬂ“ﬁ%‘h"gq" DSZ‘RB’n’? ’&‘élar é‘f efehf es‘ﬁé"?é put their

deve %rllneen NPe kavoelr'latge qength of the flag leaf of two month-old WT plants was 37 cm,

whereas the mutant flag leaf showed an average of 47 cm (27% longer). A similar difference
was observed in width of flag leaves of mutant plants (30% wider than that of WT flag leaf)
(Figure 1C and Table 1). Apart from these characteristics the Ds insertion line displayed a
late flowering phenotype with five to seven days delay when compared with the WT plants
(Figure 1D). The mature mutant plants were about 30% taller (data not shown) than the WT
plants grown in similar conditions (Figure 1E). At the mature stage, the mutant plants
showed approximately 70% more branches in the panicles (Figure 1F, Tablel), resulting in

21% higher seed yield (Table 1). The height of the mutant plant, panicle branches and seed
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can result in a nutant phenotype. (Ramachandran, S.,
and Sundaresan, V. (2001)). Despite the sinplicity of
wa@g00ag38B9DNA nmut agenesi s, transposabl e el enent BCDSGEN5/000335
several advantages, such as single insertion in the
yield9S G0 "Bttty NEmBRaS Whin Edtnfed ©SWUT drdcResticBACAT thatmepure
gene by renbbilization of the transposabl e el enent.

stagel &tha%& HaQGhdH: R atHNe WAd iongdrBel footsSHETh&W T, similar
m RNA, RNAI, and sRNA | ead to gene inactivation by

[ [ 5 [lory, A, d
fo m%g%%g%%to?&krfgd(ag%%%gr{g%&?%%% 1 é%@ (20)0/4); Fi ﬁﬂegan,

[007’&1 o and Ih/%}d%F gy i lg&tgﬁ)&@ahsed%%sqgse?ﬁm 183/ mithd pheidiype, the

art wou readi |y recognize fromthe teachings

segre ShSH dhalyBRlor %grc Een% g&lﬁ@érﬂ Ssigthfeth il s fePicide), the selection

uppressing the“expressioh of the Oslrkl gene product

markef) “?a%%%léfgﬂl%gf t %A%érl?)g}nlaﬁlypf(ﬁ)sﬁngeeéﬂﬁlétg;(}Ialii%' frc;ﬁ etet(r)(]{k?gous F,

Y
I'Aventl on rovides d vari of net hods

plant[avs(r/:]etarl?c:: Vx:n%{ etdlvsﬂﬁl’ tﬁé BL4D ﬁérﬁgl’dFo{l\ﬁglt xl&ﬁ{) ﬁiﬁgstﬂeg%ﬁtqgml{% sensitive

or expression o gene or 1ts

o GBS, S BRUERL 5 SRR SORO R A o
pos e e D AR B B 5a 0 A b
the B R, Bop R OO A LS R S R b b pELGSEy B
o e BB 0 A

oorh oL gl RSOl AL SR R R A i g
g b P ab e, $HHBobSL S3BA s rpiot
o i B by SRS o P R SR o

further analysis. The nutant plants showed | onger .and

al., 199Badlaronierdo 50w gt i A5 i BERR PRSP P B RRGH B gnother

and, as a
series of experiments, without spraying Basta herbicide, genomic DNA extracted from 200 Fs4

seedlings derived from of F; heterozygous plants were subjected to PCR analysis to check the
presence of bar gene. Plants that were bar negative by PCR exhibited WT characteristics,
whereas, plants possessing bar gene demonstrated growth parameters of the mutant,

confirming the linkage between phenotype and mutation caused by Ds insertion.
Molecular characterization of the mutant:
EXAMPLE 2

[0079] Gene Tagged by Ds Insertion Encoded Lectin-Receptor Kinase

(OsLRK1). To determine the sequences flanked by Ds insertion, the genomic DNA isolated
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result, higher seed yield than the wild-type (W)
plants (Figure 1, Table 1). The nutant phenotype was

W@ @blssshn successi ve generations. Six- (Fi gurBCT/8¢G20a5000335
fourteen-day old (Table 1) nmutant seedlings grown in

fromMRe ﬁ%‘a%saotsths)m@an% BRek Wae Reikttdawe TAIMBER @ngekd Whaher\095),
seedlings grown in simlar conditions (Figure |IA,

folloWRR! 6y dquertingt hBoeSUbANY sjsa%mn?taeqmll cel REtE SobBufbd SH0 8-
atera

nor e "adventitious and 74% | onger roots (Figure

T, r C '
nuclé(ﬁd th%lete Lﬂl I-EQE’&? sﬂe (fP hmw%?gﬁ?cgﬁ \}glﬁ%cg&%dﬁggtﬁs gi;e]:gtell}]t upon

1nte%%mg \% A 1 46 (,7 ﬂﬂglésfgdg %eﬁ%%lgcsgg%fe I-s\%@lg}tt!e@ rfgxt RqkénBd similarity

b5 53 S ke ko e o

oL A8, e e 0 A 33180
Biot ch%gl()ﬁy&n%&)ma%b@uéhbhg g{atalyl% taglt'hgqgsg:l]tg P&%{ied‘ﬁ%ﬁthmﬁggg@&j gene

rom ure oot engt

encogcéc} BIO rﬁ“}]sél ! I ususrt(c)) g%c%h-n%@gt})% %%?nﬁf(xﬁlég %é% Irtlﬁﬁg%{é l'}Q/n\é]%irdgs%na’ced

sSee
‘ : t weeks. Approximately 50
Ow%lsgﬁage%rgcﬁgog}u}aserp *@AC Sl’fﬁf’a poi nt. Standard
Devi ation Value (SDV) is given in parentheses. Al the
above paraneters were subjected to -test and the

p- Val ues are provided. &W@ p<0. 05 and thus were
significantly different The mutant plants

[0088]ont 'n l(lje tOglrip mtantnilada a Sd Igflet, s}rll %?ﬁ)st Elrer%lé% ollj’ﬁe geréretaiggtion
ratio (Bar: Bar®) 3:1 indicated the presence of single copy of Ds element in the genome or
multiple copies within the same genetic locus. The presence of two or more Ds elements
would complicate the mutant phenotype and its characterization. In order to confirm the
copy number of Ds elements, Southern-blot hybridization was performed using genomic
DNA extracted from the leaves of mutant plants with either bar or gusA genes as probes
(Methods). In both cases, a single band with each of the restriction enzymes used was
obtained. These results confirmed the presence of a single Ds element in the mutant line

(data not shown).

EXAMPLE 4
[0081] Complete Knock-out of Oslrkl by Ds Insertion. The Oslrkl gene was
located on Chromosome 2, BAC clone OJ1038_A06 (at 125.6cM on the genetic map). The
gene region of Oslrkl is predicted to be 3,257 bp long with one intron (1kb) whereas the open

reading frame (ORF) was 2,224 bp long. The 5’ and 3” untranslated regions (UTRs) were at
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devel opment. The average | ength of the flag | eaf of
two nonth-old WI' plants was 37 cm whereas the nutant

w0 b@g/osssaf showed an average of 47 cm (27% | onRETr/3G2085/000335
simlar difference was observed in width of flag

i T
i T SRS sy anes o Tt

o S T RSB T o e
PCR} xgé"s_”pé(f‘o‘??xﬁv% uﬁ%@ nlﬁtegoxg{col\ﬁNAi {éﬂﬁieﬁi @ RO flfgxitaﬁ{t a§es Flaosesific

_ I agg, e mutant plants showed
. % LI i
pinSBE SfRABIRLIAOGAES, bk B BEAC G, The v

ield (Table, 1), .Th i ght,, .of .
o, A o S el e oo v

o ST 05D SRS i o005 L LS o Ko
dventiti .

T R A R
Fi 1 B). 7 d | i ' )

v B S GRS e Qg RSP PSS

segregati on_analysis of bar gene (conferrjn . .
was Geishia gL 106 Vst o, B Fos s ooy ey @ possive
mar ker, was perforned. Approximately 200 F3 seedlings

knockevtiof 8¢ #PdOmM a het er ozygous F plant were sprayed with
the Basta herbicide. A 3:1 ratio of Basta resistant
(Barl) to sensitive (Bars) seedlings in the F progeny
was obt ai ned which indicated that the nutant m ght
possess a single Ds i nSBFAMERE 5To confirmthat these
Basta resistant plants indeed harbored the bar egel?le

[0083Enoni cRENRbilization piDs Blemeat fpmythe Qslrk] GeneReieucd the Mutant
I sol ated and used as tenplate for PCR analysis_in

Phenwtypé. n Tviressueithiermplentirphenotypessaysrd by b QsHasdiign, gahgmozygous
[0078] Analyzing segregation ratio is an inportant
Osli{ib ututanbplasts frfereciressed with Bpmpayepysrlaniyhashsing v swosprgpse (Ael or

nmut ati on caused by Ds insertion. The phenotype .coul d
Ac5pEBoldstik tioala 2000 ttp rammibiliza the Ds element. The R1 and majority of R2 plants

showed growth characteristics of the mutant. The genomic DNA from transgenic plants and
WT as a control were extracted and used as a template for PCR in combination with primers
designed for the 5' and 3' sequences flanking the Ds element. The amplified fragments were
sequenced and aligned using CLUSTALW program (Thompson et al., 1994), then analyzed
for the presence of footprint due to Ds excision. We have obtained PCR products containing
different footprints for the 22 R, plants, showing the remobilization of the Ds element. The
length of the footprints (empty donor sites) varied from 8 mucleotides (indicating a perfect Ds

element excision) to 2 nucleotides (as a result of deletion of several central nucleotides;
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anot her gene(s) within the sanme genetic |l ocus as a

result of primary Ds transposition (Chin et al.
wa2®e)3sshn order to show that the Ds and the nRCESG2005/000335

phenot ype co-segregate, in another series of

s ST PN b B B BB i »
. het . j i ,
i P BOELERLS U AP 5, 0y BB TS i

wou@ﬁ'g?“&ti in %ao%re Eé%}l:s\)]ﬁlgl())( h(')tbrlnf{ﬁg\ O\M- 1&6'3%&?1?%&%{635)‘33# o‘b\?‘\ie}]emﬁ{. B4 one

ar gene denons

Ao A0 64080 BB o
ot B 5 PSR SRR B P B e

Lecti n-Receptor Kinase (GsLRKI). To determ ne the
sequences flanked by Ds insertion, the genom c DNA

i sol atedfrom the | eave nmut ant pl ants was
fsulb{ ect gd to TAIL- PCR ?&%Mgﬂ%wn ttier, 1995)
ol | owed by sequencing. Both 5' d 3 I ' . o

[008dlquenchhe ‘ftE‘g]o’rB‘FaIf‘H s aﬁ%QBGO%a&Ye‘bM'gg"‘%eé‘% é‘ll“plg' in Rice.

duplication site (5. TTCACCAG 3') intro d, by. Ds .
Lecty ierdeipaseip e ishevayiodei Bredra &y M%&%’&J@m#éﬁ‘#”ﬁﬁ’%f’wg (Herve

sequences were submtted for segue im|ari L
et alg d 896, 2% Bayrp gt iy AR Lok BE&&S’I’&J%S;‘%H%%“ g@%ﬂ% cago

in TIGR (The Institute for_ Genone Researqh)néggf éRice,
truncgtilg e EeaP ool 20Y3) alrgrisdaesnopridiseineg dp3 pyptive

Bi ot echnol ogy Lnfornation%@gublic dat abases._ The . .
LRKsaxerp tagnqtaiod A3hiy ot Ha2094he hawe g‘@f@@e@ af @orpdypdagt amino acid

protein honol ogous to | ectin-receptor protein kinase
sequanags t (Phis, grerrenala soralauigptianle @ndx agalz'aeds themy aising a combinatorial

| ectin-receptor kinase 1 or "Gslrkl". EXAMPLE 3 [ 0080
approdmd: mgltip!ld seiyirnamtlignmgntasig mipszancopiptabl (Beongs ., 19P¢pand
pred?c?i%rrl ?r(i:]oe:lt(elo%nBLASTP program (NCBI). Some putative LRKs could not be aligned
using ClustalW alone, due to either significant differences in lengths (from 171 to 1311 aa),
the positioning of o and B chains or absence of one of the chains in the legume lectin domain.
We found 35 putative LRKs possessed only Ser/Thr kinase domains, 4 of them two kinase
domains, and no legume-like domains were determined. The remaining 64 LRKs comprised
at least one legume-like domain (o, B, or both chains), Ser/Thr kinase domain, and in some
case other domains (such as Chase or DUF26 domains). The length of the proteins varied
from 349 aa to 1055 aa. The homology among LRKs ranged from 21% to 75%. The
identical sequences of the OsLRK! and the OsLRK2 from O. sativa, japonica had tﬁeir
counterparts in indica genome. The closest homolog of the Oslrkl, the Oslrk2, shared 75%

identity on the protein level and 85% similarity at the cDNA level, and was located in the
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ratio (BarR Bars) 3:1 indicated the presence of
single copy of Ds elenent in the genone or nmultiple

W@ one3s8swi t hi n the sanme genetic | ocus. The pr eBens&200$/000335
two or nore Ds elenments would conplicate the mutant

samp BAO tlope aatid O, dhidr doimBtréanabf @Rignated PEIGIR sidndl of the OsirAl,
Gonfirmthe copy nunber of Ds el enments, Southern-bl ot

Anotheb hbriblog] ihe rONWS, Tner 5905 BREents isGlag8NWIh GndNN on cDNA level
extracted fromthe | eaves of nutant plants with either
and [tav¥as ddca@d 9A cHORRSons6, PATIE® 1 AMBS, hods) . I n both cases,
a single band with each of the restriction enzynes

[00853ed WaweobdrAéd1 86t STIRGRbIoR Hybdidiza8i0n fahiPBE it I?)?qer to select an
presence of a single Ds elenent in the mutant [1ne

OwigeID Stne s LD L LT

digeStBd Qiﬂloiﬂiﬁ@ﬁﬁtezenzﬁﬁ@ (Bllcﬁlrég :9:31 ﬁdqé%ﬁw(tﬁ rpktﬂb?eg c@ﬁMpQﬁhmg to

the genetic map). The gen€ regi’on 0

eithd? &G Hofflint & JNETR of §1% i ?éﬁgm%%ﬁﬁggﬁ}ﬁddrﬁ%ﬂ %Sﬂg%g Qg a probe,

whereas the open reading f

sevela® 'EQndsT»bgre %bta?rﬂaq 3 lovV Q& gé}ﬁ | L &8s %%ho \?e?ci-/gErse)atér\r’x\@V\éF 2103

atl east 107 bp and 39 respec
rimer
0 LA 4 gt 0
the (ﬁl‘?eq HERE Ghen b %%%g]cmlr&{) dgne%rl\tno :3DU’H{ toﬁthe @ en% gﬁ%uhl}g& single

l'ocation o I nser
I R Al
o AU R T B B B w5 e
t .
i ST T IS AR S0k R E o
Noﬂﬁﬂ§%¥§hgm$ Nor t her nbl ot hybri di zati on using total RNA

#°%he W, and hompzygous mutant pl ants,

S per orned u UTR .0 I rkl gene as a probhe
[008&‘; gﬂr A E)havbﬂlglwe% g%éelfzcrt (&g s {jgcluding the Oslrkl, analyzed and

described in detail herein). Specifically, the Oslrks’ position in the rice genome, PAC and

BAC clone information, gene sizes and other characteristics were analyzed, with the details
?rovided in Table 2. Furthermore, Figure 12 shows the mRNA expression results by northern
blot using different Irks as probe. In the tissues tested (root, young and mature leaves, and
paniclés), only Oslrkl, 7, 8, 11, and. 14 are expressed. The expression pattern is as seen in the
figure.

[0087] RT-PCRs were carried out on RNA samples isolated from 2 week-old
seedlings treated with various sugar (Figure 13), hormone (Figure 14), and abiotic stresses
(Figure 15) using primers designated to either 3 or 5° Untranslated Regions (UTRs) of the 15

Oslrks found in Table 2. For each Oslrk two lanes in the gel are found, the first lane is the
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was detected only in the WI but not in the honbzygous

mut ant pl ants, suggesting a possi bl e knockout of the
wW@ewe/03BXAVPLE 5 [0083] Re-nobilization of Ds BCEE@IN5/000335

fromthe Oslrkl CGene Rescued the Mitant Phenotype. To

contr§1968 thelsBRnIYhadatiee BASHIRE Thadésad1tPite bRE sul¥marized in Table 3.
insertion, 25 honobzygous Gslrkl nutant plants were

[0088] 0SSedTHhIé B JAeVImEORHmaRY 3NKIS HRHLBRS tehferfd6d data on the Oslrks,
transposase (Acl or Acb5; Kolesnik et al., 2004) to

showRBTR RTZECH heuids of hATRE treathlefis RncRORle rsa'%&,r hénhoRE afabiotic
pl ants showed grow h characteristics of the nutant.

_ stressNid $BARSH ®10PNAufd HVATARADHHBN &F MedUre AR WhoftSalRonditions,
control were extracted and used as a tenplate for PCR

and It BESTDIRIDNAR WhilldbilRy i BleS1aBB IR dhd Able! A8 repre®M irtthced
sequences flanking the Ds elenent. The anplified

exprebAHRAR> ReRERPRACR Gx0dion! 1 gned using CLUSTALW
program (Thonpson et al., 1994), then.analyzed for the
presence of footprint due to Ds excision. W have
obt ai ned PCR products containing different footprints
for the 22. R2 plants, showi ng the renobilization of
the Ds elenment. The length of the footprints (enpty
donor sites) varied from8 nucleotides (indicating a
perfect Ds el enment excision) to 2 nucleotides (as a
result of deletion of several central nucleotides;
Schiefelbein et al., 1988). Due to the fact that Ds
el ement was inserted 117 bp (encoding 39 am no aci ds)
downstream of ATG codon, in the first exon, 3 bp (or
mul tiples of 3) footprints would result in proper
transl ati on of nRNA obt ai ned after excision of Ds
element. Only one plant wth 3 bp footprint was
obtai ned and it showed the growh paraneters of the Wr
pl ants. However, plants with footprints different from
3bp did not rescue the nutant phenotype. EXAMPLE 6
[0084] The Lectin-Li ke Kinases are Encoded by a
Mul ti-Gene Famly in Rice.

32



Lectin-like kinases were shown to be encoded by
multi-gene famlies in Arabidopsis (Herve et al.,

WA 9®6/0388909; Barre et al., 2002), Popl us ni gerBCT/SG2005/000335
(Ni shiguchi et. al., 2002) and Medi cago truncatul a

(Navarro- Gochcoa et al., 2003). In rice genone
(O sativa, indi ca) 103 putative LRKs were annot at ed
(Shit—et—al—12604)— Ve thavegbt g ned—99-mer—+edundant

m no ag¢id S'equenceés Sh u,| pgrsonal cpnmunijcati o)
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Table 2. Predicted lectin-receptor kinase family members in annotated rice genome.
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di gested with appropriate enzynes, blotted, and
hybri di zed with probes corresponding to either

wo e@biosssgonmai n or 3' UTR of the Gslrkl gene. WPCT/B€LIF/N00335
domai n was used as a probe, several bands were

obtained at low stringent conditions with the exposure

t of 2|tjoy3 Wours (datd hot {showp)} |{When the bl ot
wa é:maosed M%nig%dﬁten:;e sm;a: apeared. On the
of ersnan:l, RES ASpRoNE| qol reqpp g.;ng to 3' UIR of
the & rk gg§mﬁggﬁzwt 4i pdfe pand was det ect ed
i-h |SeB} hel - bEpe| YRPYE|S| i | ar [hybEld] $ation and
detledt | on{ dond| tji onp {(dat g not {sh )1®Si nce the
Gsl{r KT gehd $pEci 1 £ |ogad [was| qbt & nefli n
Spyt her n- pllest hylbri filzad| dnix th 1UTRpr obe, this
pY b$2Aas Used| tljo{apal y2e gﬁn ex ress@on pattern of
th rR{ 0 oryETIM gt Thyr zafflons. [0086] W
have awagr e 3el| det Likis, ! (ilngl |&li ng the OCslrkl
- ahdl yzpd Reld |desle]i pdd {+n |dét pill dere‘@).
.%b cit f Ieglily EZ,HS rksS| [posy ti o[ i|n} &lhe rice genone,
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showi ng the RT-PCR results of various treatnents,

i ncl udi ng sugar, hornone and abiotic stress and
woeoobisssm bl ot results on various tissues of rPCESEL@MD0033S

grown in normal conditions, and the ESTs, or cDNAs

avai lability in the dat Lk the table, "I"

represents induced expression and "R' represents

onso | <8 SRR RGBS e bt s amenesgn oter
Speciesyy e FRFHH L OFLRKH)REMANASERFFIED O JIREIERRP M BRHAr o he
Organi zation and its Honol ogous Sequences in O her

domains found in other lectin-receptor kinases (Herve C., et al., 1996, 1999; Nishiguch M.,
et al, 2002; He X.-J. et al, 2004, Navarro-Gochicoa M.-T. et al, 2003): an N-terminal
legume-like lectin-receptor domain and C-terminal signal transduction serine/threonine
kinase domain (Figure 4), At the positions N2D*7T2%8 5 glycosylation site (consensus
sequence Asn-X-Ser/Thr) (Figure 4) was located (Rudiger H., and Gabius H.J,, 2001).
Eleven predicted glycosylation sites were observed in the lectin domain. Four residues,
E'Y D" DY and -H'® are identical to Mn”—binding amino acids, two of which, D'¥
and D'*°, also bind Ca?*. These cations are required for maintaining the tertiary structure
of lectin in such a way that the monosaccharide-binding site is exposed. A signal peptide
(20 amino acids in length) and a membrane-spanning domain (23 amino acids in length)
were located in the N-terminus of the lectin domain, and in between the lectin and kinase
domains; respectively. The serine/threonine kinase domain is 282 amino acids long and is
composed of 12 typical protein kinase sub-domains as shown in Figure 4.

[0090] Amino acid sequence of legume-like lectin domain of OsLRK1 revealed
strong homology with lectin domains of other lectin-like protein kinases and legume lectins
from different species (Figure 5). For the amino-acid sequence alignment (Notredame, et
al., 2000) non-putative and well-characterized (either with solved 3D structure or
established function/role) protein sequences were selected. Initially we. performed an
alignment based on the original lengths of lectin or lectin domains in corresponding LRXs,
and then the length of selected sequences were optimized for their better alignment,

Among these proteins, the closest homolog of the OsLRK 1 lectin-like domain was lectin in
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Speci es. The predicted OGsLRKI protein conprises two
di stinct domains simlar to the domains found in other

WO ewbiossspecept or ki nases (Herve C, et al., 1986GI/SG80Y000335
Ni shiguch M, et al, 2002; He X -J. et al, 2004,

vay r o-.Gochi M:T. et al, .20 : t.eri.nal
LRK of P25l igigelt ERR) ik B s 4Rl andi8adh S ond these
. , ! th . Ki q ,
were the? ﬁ%g\gétestctg%gsaggo%tgl Q gtgqrrltl?cgl{ng. %g%%%&g%gl?égglegtﬁldgmain of
. glycosylation site (consensus sequence Asn- X- Ser/ Thr)
lectin re¢gptopupmwtain kimase |sbarad % Rigatie and55%ahemalaly us thy OsLRK1
2001). Eleven predicted glycosylation sites were
lectin doinsiag wehereas fdetinl éahain o riedtin-lideo proteias kibaes ,frond AMedicago
-D;49, -D156, and -H161 are identical to Nh2+-binding
tranculaRTsHReB 6h1§S27% MBerftity \Whd GbY%, M@lc@?.dTﬁy-ﬁﬁﬁn@béi_Q sipitices of
Ca2+. These cations are required tor maintaining the
it ! f . i Ma t
legume Teffidd R4 ﬁg‘?‘fl gg@:{g{t}ﬁ aa?xﬁnlgeﬁtt)ﬁlrﬁﬂ/@ 15 959 Y]glfrf?) 2y Haround

nonosacc g site I s exposed. gn

o epi i (20 _am na,aci.ds iys Lengt ) sk a .

40% to AL IR SR AGaREMR TS 5% Rlor BT yBiepre Pn figgeduosd
were l.ocated.in the N—ierninus of the |lectin donuain, .

sequenceypilepting, ot Methlikerofede fmases{gxaeph ALLEGB ) s replaced either
respectively. The serine/threonine kinase domain is

by glutap@p residuso(aadi dbe QshBKdnd 4wl BoolpB} el byf higtiling pésiduies (as in
protein ki nase sub-domai ns as shown in Figure 4.

AthlecRK 00 9bis rdgidnowas slibvwaeiq be rewentidl ih biidirg: lectke tb embohydrates and
domai n of OsLRKI reveal ed strong honology with lectin

its substB@GH Ruldd B 148§ of ﬁ@ﬁlh%‘%lﬁﬂiﬂé@ioﬁ re@ti ity ik bARSREHRRSm Robinia
| egunme lectins fromdifterent speci'es (Figure 5). For

' I; n i gnment (Notredane, et al.
pseudoa%gaos’jlmﬁgn[- p%itlg%c?\g%y%ﬁgg\%g'l -characterized (either with
sol ved 3D structure or established function/role)

protei n sequences were selected. Initially we.

performed an alignnment based aon the, original |engths
of lectin or lectin doraf I|'7f3§orrespondi ng LRKs,

[0091] Oslrkl Gene is Predominantly Expressed in Roots. To determine the
expression péttern of the Oslrkl gene, several approaches have been used. Initially, two sets
of experiments were carried out: RT-PCRs using total RNA extracted from callus, 14 days
whole seedliﬂgs and ifs roots, young and mature leaves (Figure 6A) as well as PCRs using
cDNA libraries constructed from roots, seedlings and panicles as templates (Materials and
Methods). The RT-PCR results showed that the gene was expressed predominantly in roots
of the seedlings; however, lower expression level of the Oslrkl transcript was also observed
in panicles and callus (Figure 6A). In PCRs using cDNA libraries, amplification products
were detected in root, séedlings and panicles libraries (data not shown); these results were

in accordance with RT-PCR data. In addition to the cDNA library PCRs, Northern-blot
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and then the length of sel ected sequences were
optim zed for their better alignnent. Anong these
wEe@bessss] the cl osest honol og of the OGsLRKI  PCT/SG2005/000335
lectin-like domain was |ectin i nLRK of Populus nigra
(PnLRK), which had 51%identity, and 68%simlarity
analysis waarngrforreed withr thetdamplaselotal ased g TtH{eR ot Her probes
| ectins. Arabidopsis thaliana |lectin domain of lectin
correspondddeoethé GTUTR ahéiletiki doasin shtheddklXY Yeralestdi foy habridizHiamns.
honol ogy to the OGsLRKI lectin domain, whereas |ectin
. Northern-bl8RBrbBedOfith 8¢ UTR ’shdﬁ%dﬂdh@f}@!e rsésasef Ospkh déadiia agoroots
trancul ata shared only 27% i dentity and 39% honol ogy.

st B0 ASPUERG ST ATt st oo

ror e U 93002y 05 SR G50 P hEf ohBeL EedO
dorted e eSSk o PO SR, NG b,

) the GsLRKI, 2 and PnLRK) or by histidine residues (as
(Figure 6B)i n At hl ecRKI). This residue was shown to be essenti al
in binding lectins to carbohydrates and.its
substitution resulted in | oss of hemaggl utination
activity in bark lectin from Robi nia pseudoacaci a
(RBL) (Nishiguchi et.EXAMPII®97). EXAMPLE 8 [0091]
Gslrkl Gene is Predom nantly Expressed in Roots. To

[0092] det’lﬁfeg‘{)gﬁkf R%enR r]ﬁ\ﬁﬁje%d RAtVSciathre Bfd PrericktleSCEaR of

sever approaches have been used. Initially, two sets

Roots. In %{(ﬁeerxt%e&gt%frgég ftl)%e Fifsu Eéfc,iﬁgii}g, ldg g%%&ﬁ%e%:éﬁ?egsﬁﬁla!wo

extra rom cal tus, Ings and
its raoots oung a ture | eave I gure 6A) as. wel |
consiructs yeré deREnTS RPERA oLVl SE°eCBe: MIB BT 82 £5ne
. seedlings and panicles as tenplates (Mterials and.,
(Materials st Nsthods). TrhesRromtmeis sy ere titradissi dn tiggangd HEAngaTc Haes
expressed predom nantly in roots of the seedlings;
were generdiedvshlerTO hmivEl trarsgesisilants wereedubisctedite higtoahrmical staining
: transcri pt was al so observed
and fluorescence studies. Upon 20 minutes of the incubation of four day-old transgenic
seedliﬁgs in GUS-staining solution, the GUS expression was observed in distal elongation
zone of adventitious roots (Figure 7A). After 1 to 2 hours of incubation the proximal
elongation zones and the mature zones of the roots were also stained (data not shown).
Seven day-old seedlings showed GUS staining in the elongation and mature zones of
adventitious and lateral roots (Figure 7B). In mature zone of the roots, the vasculature was
intensively stained. However, no expression was detected in the root cap. In order to check
the cell types of the root that express the Osirkl promoter::gus fusion transcript, cross-

section analysis of GUS stained roots was carried out. The vascular bundles and pericycle

cells of the roots, in particular, showed GUS staining, suggesting the endogenous
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in panicles and callus (Figure 6A). In PCRs using cDNA
libraries, anplification products were detected in

w0 owb/0388eedl i ngs and panicles libraries (data POL/SG2005/000335
shown); these results were in accordance wi th RT-PCR

. _dat,a. Al dditigogn to the.c [ ry. P , .
expression g 1t Q5 Rk gege i s Pl i A apdhlt) Simbie ehveressinp petton
of total RNA used for RT-PCRs. The probes corresponded
was observed whg repfs b fransgseici aniohasborings the s pratotarey/p gsael
for hybridizations. Northern-blots probed with 3' UTR
construct (Eigyyge dEsandoa)dy When dhese dransgen®s plakis gereesibijectdietar catfscal
and seedlings, |ower expression in panicles and only

microscopyt, B fiuoresednkel svasastiserved g thid)@adtilRfdre (8 Tehirsl fdri) Wi tBe
6B). Wen | ectin-domain probe was used, the Gslrkl

roots (Figukd dBSAAi @Y. 'M%Ssel’ﬂlg;riﬁﬁit%‘i'n o BYI® ﬁﬁ&%s&ﬁ&?@/l%s Qi%técf(egmsthe

detected wt probe in Northern analysis i'gure

o AL b 00 S SR 580 4

e ine the ti e specificjity of the- Os]tkl gene
there was HEHAIHR I e QL Bl s meorpdity Birosprb v R g
. he Oslrkl gene fused with either gus or eyfp gene
and Peﬂcycgfw%ﬁ”é Of Zicg a‘gYFﬂ‘URVB‘t‘%}E]slﬂem’rﬁ‘é%% howsEery a¥ew Ipwrexpression in
introduced in rice and transgenic |lines were
the cortex agd gpidgrmaal celiheanmot heaxciudedr ansgeni ¢ pl ants were
subj ected to histochem cal staining and fluorescence
studies. Upon 20 m nutes of the incubation of four

day-ol d t remsgRedicalSRadies B0OsHH Geife:St ai ni ng sol uti on,
the GUS expression was observed in distal elongation

zone of adventitious roots (Figure 7A). After 1 to 2

hours of incubatio?xyﬁﬁpﬂﬁqéinal el ongati on zones and
the mature zones of the roots were al so stained (data

R TR S R M—

stairning 1n

.adventitious and lateral roots (Figure 7B). In mature
Receptor-HiE {ERsp Wt o laied T e isabidmestanel easduction events as they

perceive a signal via a ligand-binding extracellular domain and transmit it through the
serine/threonine kinase domain into the cytosol (Shiu and Bleecker, 2001). In order to
know possible factors influencing the Oslrkl gene regulation, we analyzed promoter of the
Osirkl (1.5 kb) for the presence of cis-acting elements using the program PlantCARE
(Lescot et al., 2002). Three TGAGC motifs observed iﬁ MeJA inducible genes were found
in promoter of the Oslrkl at the positions -186, -657 and -1190. Apart from these, three
GA; inducible motifs (P-box-CCTTxt) -101, -206 and -740 bp upstream of the Oslrkl ORF
were located. In addition, five salicylic acid inducible motifs (TCA-elementcAGAAa/ga) at
the positions of -321, -601, -604, -855 and -1135 were detected. The presence of MeJA,

GA and SA responsive cis-elements in the Oslrkl promoter indicated possible regulatory
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i ntensively stai ned. However, no expression was
detected in the root cap. In order to check the cel

wo ywes388P1 t he root that express the OCslrkl PCT/SG2005/000335
pronoter::gus fusion transcript, crosssection analysis
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' Figure 7C and D). Simlar expression pattern was
seven days ihfé‘eﬁﬁ Hanvere fapiferresd to the madams genfaining et of thafdilviing
. the Gslrkl pronoter: :eyfp gene construct (Figure 7E
chemicals: NAd, M@Jm\ﬁ& earheB4 at camsgeation 1H0aM sd/EA €5EM)feCIElbi
confocal m croscopy, EYFP fluorescence was observed in

(Materials andeMothed)| Bheitctal(RINAGSSIERE FRR the Wirchie® ah@ st SLARES
7E and Q. The simlar pattern of EYFP fluorescence

were used indNortheieblog Bybritis ARn" /%S YT g? E&g}gﬁ{ﬂff &@ﬁ@gsea H;E)g)lé.e'flhe

toget her the GUS expression an or escefc

[ that th | rki
reatment vl Ol FATER YPECAR B I Bole BorsarGp s pAFPEpY anc

: . f~rLbce adventitious and | ateral roots, however,

33 times refEelieut QP MR @0ec P ol hensprin mpaonsiy
cells can not be excluded. Physiol ogical Studies of

of the hybré%aﬁw @WE-WMWE@%W P dgies Diidneeampared tdéloru bariticdn

of Oslrkl Gene Expression by Hornones. Receptor-Ilike
whereas no jgjgRificant effees qrosstrptinh Wes blservedowhersdedlingsowale treated
] transduction events as they perceive a signal via a
with IAA andi ABAdIbomdet tegoomfitmaheldvel 6 indaith of #AOHFARSAE by MeIA
t hrough the serine/threoni ne ki nase domain into the

over time, i Yhothot sdridhidf experiBL@ECK Bfne ikt V&% pir?(frg%ﬁeatf@r K59 bne

possi bl e factors influencing the
. SRS gAY S5 IR B 5 o 8 e
wer s GG P ST (heschl. 20021, Toice, Teace,
over time with a2 maximum at 8 hours with approximately 3 times that of untreated sample

and stabilized up to 12 hrs after treatment (datai not shown).

EXAMPLE 11
[0094] Osirkl Gene Transcript Showed Differential Expression in Response to
Sugars, Lectins are known as carbohydrate-binding proteins that specifically recognize
diverse sugar stfuctures (Vijayan and Chandra, 1999). Since the OsLRK1 possessed a
legume-like lectin domain we were interested to test the response of the Oslrkl expression
to different sugars. Five different sugars: glucose (Glu), sucrose (Suc), fructose (Fm), Gal

and Man were used for this study along with Mannitol as an osmotic control (Methods).
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in pronoter of the Gslrkl at the positions -186, -657
and -1190. Apart fromthese, three GA3 inducible
wWoreaob3880P- box- CCTTxt) -101, -206 and -740 bp PEESGBAND00335

of the Oslrkl ORF were located. In addition, five
salicylic acid inducible nmotifs (TCA-el enment cAGAAa/ ad)

Northern-blet hyhadigafisne  wis QHTIG:2¥! Onbe tobibENA.isgsted Haom ierse
were detected. The presence of MeJA, GA and SA

seedlings. Higap @3 shaevs the- @blefeaspeeshion tigespehseklo fhespnmpponesaccharides
i ndi cat ed possi ble regul atoryroles of these factors.

and Suc inl RGidh; GDtestedasiglayss etcehbe Mats répressédidhye fgbwe ekpesdiomf The
di fferent hornones and conpounds on the Gslrkl

transcript 1dvEPOSO5 Rt WA ot BtereWhin S8 dasc Wa Anift? 'iﬁﬂiéh'%mEC{hitthsSg%YlS s
. days then seedlings were transferred to the medi um

. kg one of the follow ng chem cal s: NAA MJA,
mtosmouc%;%}lﬁk%ﬂ\ at concentration | OQuM and SA (5m\V) for 24

hours (Materials and Methods). The total RNA isol ated
fromthe untreated and treated seedlings were used in
Nor t her n-bl ot hybridi zation using 3" UTR of the Gslrkl
gene as a probe. TREAMBEERZNt with GA and SA
repressed the Oslrkl gene expression (Figure 8A) by
[0095] 2. ThanplrEl MutaneShovesshabeted Regpong ta Raytoharaonpsinkbn order
MeJA i nduced the Gslrkl transcript; the intensity of
to study thet éffechypbphytb@tionss en tireadsiblsmutant, aesizovdry gtoven in medium
when conpared to the control, whereas no significant

containing @FeRH cOMtchir ARG lof Rith@MERS gcz 35 end €0l IMEIFi SR M) RETA3
were treated with I AA and ABA. In order to confirmthe

(05,1,5 alﬁsi@mf{gla{ar}% %ﬁm@ ﬁ&éﬁgﬁk ikl QERS BYe Nedr A48 iength

anot her erie experinents, a tine cour

e
...\Was rforned after hornone treatpent. Seven [
of adventiidrgBfy HELRE o kBl ot SR Rob BT SR mERIER: Reaiia,
they were harvested in 1, 2 6,.8, and 12 hours.
treatment, thcsheg) Ffwg&ewaﬁ é’ggwesw%bﬁha\?ﬂam m%nsgw sy Were
. with a maxi mumat 8 hours with approximtely 3 tines
significant dififgteneés batweermthet withpneeasing eone@itrationdiogetes, the nymber

after treatnent (data not shown). EXAVPLE | |
of adventitious roots gradually increased up to 5 uM in the WT seedlings and the mutant,

whereas at 10 uM the effect of MeJA was opposite to the effect observed at SuM (Figure
9B). In contrast, the length of adventitious roots in WT gradually decregsed upon increased
concentration of MeJA (up to10uM) with approximately 75% reduction in length at 10 uM,
however, the length of adventitious roots of the Oslrkl mutant was not reduced
significantly. In the WT seedlings the number of the lateral roots was increased at SuM and
decreased by‘ at 10uM. In contrast, in mutant there were no significant changes in the
number of lateral roots were observed (Figure 9A and B). These results suggested that the

Oslikl mutant was less sensitive to MeJA application.
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[0094) Gslrkl Gene Transcript Showed Differential
Expression in Response to Sugars. Lectins are known as
W@ 200605880l at e- bi ndi ng proteins that specifi cal PGI/SG2005/000335
recogni ze diverse sugar structures (Vijayan and
Chandra, 1999). Since the GsLRKI possessed a )
[0096] | efinithq piber hard.i Wheb seadHngte Wikes 8TawR pletveaveeks i §1A3
the response of the Oslrkl expression to different
containing MByaga, nFisigifidaht diffamences yares obsyitedaseth¢ Gebdviorsoftmoset
(Sue), fructose (Fnm), Gal and Man were used for this
compared t6tthstyofalvon gxeepththivbiength @if adseraitions odts.CTIe® Bdveatitious root
(Met hods) . Nort hem bl ot hybri di zati ons were carried out
length of YOI idd#&ast@bl50RNG: 1018 BbREntrhRIh &f 6ABSHuSR S Paltered in
Fi gure 8C shows the Oslrkl expression in response to
the mutant {AESFt W accharides and Sue in which, all tested
ugars except Man repressed the gene expression. The
transcript |level of Gslrkl was not altered in response

Manni tol indicati Eﬁi"ﬁ‘h\?%’o%g S gene is not osnotically
regul at ed. EXAMPL ? The Gslrkl Mitant Showed
Al ter e se to, Phyt gohornones.. | rder to_stud
007 ¢ P R ERE Mo pafbuaer e Crlaelase ompe dtcked
. seeds were grown in nmediumcontaining different
expression @ffhe &¢lnkhby 3#@% sugarhdoscibariabove 1l usdagtuty thewesponse of
(Figure 9A) or GA3 (0.5, 1, 5 and | Om) (data not
the mutant $bdhwsp rabmosgcohatitesvV@ndasuceoseothe WT Tind the mhetantasedds were
| ength of adventitious roots, nunber of lateral roots
germinated and @owatin [@IgManWSIE Fie atonzedlith 9oe mt Meddehtr @abe@ntions
the shoot | ength was decreased in both WI' and nut ant

(ranging frdd0, 10085 €2YRhHE U afdr@tohiafiAiy mdbfubesER e eTHE BIlok/AR

wi th increasing concentration. However, the nunber o

f
pramees SUE 4 LAY PRI LS A bl B
e et S BASS e e 8 SL e HRSLYET

. adventitious roots in W gradually decreased uggn )
revealed in jthg pehayiqr of the mutant and the WT upon the treatment of seedlings with

various concentrations of Glu, Fm and Man, but a differential response was observed when
seeds were germinated and grown in Gal containing medium. Out of these three sugars
tested, Man was selected as an example as its inhibitory effect was similar in seeds and
seedlings of WT and mutant as shown in Figure 10A and B. The seed germination was
severely affected by Man. At concentration of mannose 0.5%, seeds of both WT and
mutant plants did not germinate. No obvious effect on any parameters tested was noticed at
concentration of mannose 0.1%, but at concentration 0.2%, the seed germination rate
dropped to 35% in both the WT and the mutant.

[0098] On the other hand, the WT and mutant seedlings showed statistically

significant differential response when grown on Gal-containing medium (Figure 10C and
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concentration of MeJA (up tolQuM w th approxi mately
75% reduction in length at 10 uM however, the |length
wW@Rooanisssat i ti ous roots of the Gslrkl nutant waBCTISG2005/000335

reduced ' significantly. In the W seedlings the
nunber of the | ateral roots was increased at 5uM and
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ant Denpnstrat ed persensit | VI to Gal actose. The
gerrmnauonameeqfe@eew& wed éfppefty t é%wh&neasoyl therpuiprintt dioppsfl do
descri bed above led us to study the response of the
30%. Baseconaihe woultshobieinsinweacuishideddbatae Oskeilosetantrexhilficd
and the nutant seeds were germ nated and grown in Gal,
hypersensitihgnto @ilu, Fm al ong with Sue at different :
concentrations (ranging fromO0.1%to 1% and Sue al one
contai ning nmediumas a control. The follow ng
paraneters were taken into account during observation:
METHODS he shoot |ength, the nunber and the |ength of
adventitious roots and the germ nation rate. No
si gnificant differences were revealed in the behavi or

t he putant and. t he t eat e
[0099] se@&P?'ﬁ{st 4 fsajation, Eg‘yw@&ﬁg‘&‘i{‘ rbg?'i %{B@“E}?zaéf’ﬁ' Birg ug@f
~Man, but a differential r e5ﬁonse was observed when
the genomicdalswaseiselatedfram AcclgavasdDgHanontaioh alsa) 933 igesie ieith the
medi um Qut of these three sugars

appropriate restriction enzymes (EcoRI, Pstl, Pvull), fractionated on 0.8% agarose gel and
transferred onto a Hybond-N" membrane (Amersham Biosciences, Little Chalfont, Bucks,
UK). DNA blots were hybridized with dogoxigenin (DIG)-labeled probes in DIG easy Hyb
solution (Roche Applied Science, Mannheim, Germany) at 42°C. After hybridization,
membranes were washed twice with 2X SSC and 0.1% SDS for 15min, then twice with
0.5X SSC and 0.1% SDS for 15min at 68°C. Detection was carried out according to
manufacturer using DIG Wash and block Buffer set and chemiluminescent substrate
CDP-Star (Roche). DIG labeled probes were synthesized using PCR DIG Probe
Synthesié Kit (Roche) with a following primers:

[00100] GUS probe: GusF: 5-CATTTGAAGCCGATGTACC-3’an GusR:

TATCGGTGTGA
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tested, Man was selected as an exanple as its
inhibitory effect was simlar in seeds and seedlings
w@Rooed3ssad nut ant as shown in Figure 10A and BpCT/b&2005/000335
seed germ nation was severely affected by Man. At
concentration of mannose 0.5% seeds of both W and
GCG TCGQGadit BpRamobe: dadF :riotCARE ACARE CGo Tt @ud ard Badk: on
any paranmeters tested was noticed at concentration of
5’-TCGTCAAGIAET ACAYC B, 30T Reafi@gridl r: AMPKI F2: 2% TOFCBEREICG-
germ nation rate dropped to 35%in both the WI' and t he

TACTACG@taﬁat:sUm@@ﬁ%} AXGATEGHACGCAMNGAGHE; Wecan grobe! BRT1

seedl i ngs showed statisticall y si gni f1 cant

5. CAAccébgiAEémwfcfe @Sﬁlgv@%ng m&bmmm@s’

I gure adventitious root nunber
and, especially, the length mere strongly inhibited by
Gal in nmut ant conpared to the WI (Figure 10B and C).

At OW of the t he shoot | ength creased by hal f
0101] {1 RV Trplosiah andhalostis TS Byt | RNGhaagpsoiated fom

seedl i ngs. The nunber of the adventitious roots was
different organseoforicd plgst atadifferent develagmanial sfages(roatstoft Hy4 wayseold

drastically reduced by 85% In addition to this, the
seedlings ahdBgnbntb§ ohtiplantsi 10-ddsdaye old séedlingsp ydingaod matla‘ntlems,e
reduced at 1.0% Gal with severe reduction in nutant.

panicles at fiRAAbwéMERthEE and t4IR) gShFaRNeR Plattenial kithQiMenJe s
dropped to 85% whereas in the nutant it dropped to

RNA (10u%'30\4h @?a%géna%h bi€a 11e8y! de2aQPlRE "R EmaWEh R Nsdamsied élh.ﬁfd

mut ant exhi bi ted hypersensitivity to

T t
transferred Pﬁ} Hdgﬁ, gl N, m%% %ﬂaﬁ'ge‘}éﬁ] %%lt%&%res%g&q@%{:g ot
omthe | eaves (Dellaport t 983) este
dogoxigenin (DR Recls o e BIG GGeY B4 H} bR, phter
Pvul T), fractionated on 0.8% agar ose gel and
hybridization; eresfoeaee weonwashad iylsovdtNEX SEGwd el % ARS o d fmin, then
Bi osci ences, Little Chal font, Bucks,
twice with 0.5X SSC and 0.1% SDS for 15min at 68°C. Detection was carried out
according to manufacturer using DIG Wash and Block Buffer set and chemiluminescent
substrate CDP Star™ (Roche). DIG-labelled probe corresponded to 3’UTR and lectin
domain of Oslrkl was used. For the control of RNA quantity, DIG-probe corresponding to
rice Actinl gene was synthesized using the following primers: ,
414F: 5°- CTCTCAACCCCAAGGCCAATC-3’ and 1113R: 5~AGGGCAGCGGAAA
CGCTCAG-¥»
[00102] The RT-PCRs and Northen blots were repeated at least thrice and similar
results were obtained. The quantification of the intensity of the hybridization signals was

performed using Quantity ONE 4.5.0 software in Gel doc XR documentation system (Bio-

Rad Laboratories, Inc., USA). The level of actual expression was calculated as a ratio of
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UK). DNA blots were hybridized with dogoxi genin
(DG -1 abel ed probes in DI G easy Hyb solution (Roche
wWa\ppEbisstosSci ence, Mannheim Germany) at 42C. APCESG2005/000335
hybri di zati on, nmenbranes were washed twice with 2X SSC
. . and 0.1% SDS for 15mn, then twice with 0.5X SSC and
intensity of) spepifspsigndlr (Gsfikl 3 4ER agebe) det the tintshsifia of signal ef pesitive
according to manufacturer using DI G Wash and bl ock
control (ricBdtfller set and cheni |l umi nescent substrate CDP- Star
(Roche). DI G I abel ed probes were synthesi zed usi ng PCR
DI G Probe Synthesis Kit (Roche) with a foll ow ng
RTIPOCRRAnalysfs00100] GUS probe: GuskF:
S' - CATTTGAAGCCGATGTACC-S' an @QusR TATCGGTGTIGAGCG
TC%% L r . . ' - GQGQ -
(00103] and Bg?grk%'@?@é%{%%%%mcﬁa&%aéro&@; 3UTR o? C%él rk bp: !

length, wasﬁ&@%&%@é@?ﬁt@% ?ré)%he%%saéﬁs of 14 day old
scedlings Wit (50 S3RCPEGRLKH CNEER. FhelH5gR SHEtRRA S Sariad O Sl

Nort hern-bl ot Anal ysis. RNA was isolated from
PTC-100HR 96t dreamocysigaidIBescaiche Inst, aNYatetownf MpeddSA) under the
devel opnental stages (roots of 10-14 days old
following cerditibnan §8°Gfud 3D minn$PE fok dSmim fidllowellyl 94U Yo 40ket, 58°C

seedl i ngs, young and nature | eaves, panicles at the
: b ' Al i j : a gt M ni
for 40sec, 7% ?‘ﬁﬁfjn'?iﬁ, Ra"r%?%;FﬂgQ g&l\ﬁggﬁé ({351)8%&% sp'i‘ SYTR-AN

(Q agen,) ractionated on a

, %-de ti,n rmal d

5 TTTCa oG AL o R s R BREATEACERE P The
bolts were hybrjdized with dogoxigenin (D G -label ed

3UTR-RS: 5 dHaGAT G ACESAA A Gl Forofie rpienon BudbaSEPCR ey
hybri di zati on, nenbranes were washed twice with 2X SSC

performed wiidl total BIGHOIspdin Drthern-hyheidizaioseFoi the iGNl Ieairak dhe
0.1% SDS for 15mn at 68C. Detection was carried out

primers corresponding to the rice Actinl (414F and 113R) described above were used. For

PCRs using cDNa libraries, primers specific for 3° UTR of the Oslrk1 gene were utilized to

obtain amplification product 500 bp in length.

Physiological Studies on the Oslrkl Mutant

[00104] Plant Growth Conditions. Surface sterilized rice seeds were germinated
and grown in cell culture containers (Phytatray II Sigma cell culture, USA) on 0.8% agar
MS medium (Murashige and Skoog medium, Sigma., St. Louis MO, USA) containing 1%
of Suc for 2 weeks under 16/8 hours photoperiod. All chemicals used for the various

treatments were purchased from Sigma.
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accordi ng to manufacturer using D G Wash and Bl ock
Buffer set and chem | um nescent substrate CDP Star(tm
W@ Rweisssol DI G- | abel | ed probe corresponded to 3PCITRGZNE000335

| ectin domain of OGslrkl was used. For the control of

RNA quantity, DI G probe corresponding to rice Actinl
[00105] geWeeam@néy%N%ﬁe ings Svigly Hoprmopes F‘@&Asﬂgalﬁr i Tiee greek old

414F. 5s- CTCTCAACCCCAAGGCCAATC-3' and 1113R
WT seedlinfs wi SGaddiat- @ntdiflag ADPuVhef HifeR@Rhomnehes,

Nort her.n bl ots were repeated at | east thrice and

such as Ind?l.lﬁ LA 8Lt £sidl (BAYA B cRRE A eABAThRIEHA ﬂﬁﬁn{d'n\‘z;a\gts VY A9 or

e Intensity of "the hybridization signals

. . far ' it . [ I c
Givoreltic A3 (ST Sl SASHICHY AT Sl AERE G n B 57 nolR
SA) ... The | evel of, a expr essi was cal.cul at as
under nommgf qy7eb Gppdins ol RIBh ol RAEREHE ot Fock Pt e sk
probe) to the intensity of signal of positive control
and whole seqdliggs.AcU) . RT- PCR Anal ysis. [00103] The Oslrkl cDNA
(GenBank accessi on nunber AY663848), 2701bp in | ength,
[00106]  waSimerpburse expiossiRRT stRdiRs wEithe MaJAatiigamayesx camicd et Mithm
the roots of 14 day old seedlings with a One step

two week oldke&lRgl afted Pra@eMyith TOSUIET MERL hhd fot VRN A dFoih Ssbdlitids
on a PTC- 1 OOHB-96 t hernocycler (MIResearch Inc.,

. o I . L _
arvstc SABEACG VAL S gl A 0084 e
(00107  O3f ;gwcfyg ];gﬁf%c&ooﬁ'gcﬁBfFéz sudies 2 e O Raf¥ibE Jurface
5' - TTTCGIGECCAACTCCT- S, 5S5UTR- F6: . . .
sterilized WET _Wﬁ&gﬁ@ﬁ@%@é@-M%ﬁg@(ﬁWwan@g 0.8% agar without
AGGATCGAACGCAAAGAG- 3' . For the expression st ugl/%/ .
sucrose, undar dmkRondisiopefar drwiesk. Rherh seesiliags WA tranefered to MS medium
Nort her n- hybri di zati on. For the internal control, the
containing 175SmM of different sugars including sucrose, D(+)glucose, B-D(-)fructose,
D(+/-,mixture of isomers)mé.nnose, D(+)galactose and incubated 48 hours in normal

day/light conditions.

[00108] Germination of WT and mutant seeds in galactose/mannose containing
media. WT and mutant seeds were germinated separately ot MS medium containing 0.8%
agar and 1% sucrose. In éddition, D(+)galactose/ D(+/-)mannose was added in different
concentrations (0.1, 0.2, 0.5, and 1.0%) along with a control (MS with 1% of sucrose). At
14 days after germination, the observations for adventitious root number and length (cm),

shoot length (cm) and germination rate (%) were recorded.

[00109] Growth of WT and Mutant Seedlings in MeJA Containing Medium
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primers corresponding to the rice Actinl (414F and
113R) descri bed above were used. For PCRs using cDNa
wo piwcmssses, prinmers specific for 3' UTR of theP@yb&XI05/000335
gene were utilized to obtain anplification product 500
bp in [ ength. Physiological Studies on the Gslrkl
WT and muipntaseed] poKOBGIMNpt 2aF GIOVH TolNG mediven (156rJusd eontaining
sterilized rice seeds were germ nated and grown in
different conegntrations off MeZdfl jdvinpKl, @by 0l dyr two Beaksa NeMeJA was
cul ture, USA) on 0.8% agar Ms nedi um (Murashi ge and
added in th&koeagorrethe Mumbeo a®d lenfth (coOudSadviehtitidvl)ro6@ isawéll ag thdo
of Sue for 2 weeks under 16/8 hours photoperiod. All
numberoflé‘t@x%ﬂdb?é@eﬂé%ﬁé’asﬁ& the various treatnents were
pur chased from Si gma. [ 00105] Treatment of WP Seedl i ngs
W th Hornones and Sugars. Two week old WI seedlings
vvere transferred to M5 medi um cont ai ni ng | COnM of

omno %, FEEH RUAE G T T8 e

oerbrellchC|d % nd5m\/lof Salicylic Acjid
constructs cestq}mn%ﬁao%t@éogpé 1(bp 16 ot Wiih GReTA#apT ep gencs
/1ight conditions. Total RNA was extracted from
were generamgutA 315 kthlengted] upsigeanarmgionhseselasted) liapegsirst G0 tgdinding
Ti me course expression studies of the MeJA effect were
of stop codoardfl amtiey tannbiatedt yemevapploximatebe2 dib ngsreamt &f AT af itheg
with | OOrM of MeJA and total RNA from seedlings

Oslrk]. Seﬁ@ﬁdfl?s%dpei‘forﬁbﬁ fesRdh tdrBe IRy l%{&%r (efdtnentd) on Zifférent
6hrs, 8hrs and 12 hrs) was puritied. [001 07] To

regions upst?ééﬁgyk'lt(? @?@J %sl}%;l R P seegﬁl é}\'gﬁ (%Molflet al.,

ran;crlp sur ace s |zed
2002) and ofighRegt ﬁﬁﬁa%rﬁfysgpﬁ-fséﬂ" C?Y”%%'ggr'ftg? 854 %@%?%*r%“#n@%% of
seedlings_were transferred to M5 nedi containin
elements werechiRscsf alngs @P dn? l@dﬁ’é’f% lqbn“i?ﬂﬁﬁ}cﬁg‘e d%‘é,the number of

) | ucose, b-D(-)fructose,
elements varied. Since the 1.5 kb region comprlsed all regulatory elements, at least those

available in the database, we amplified this region and used it for promoter-reporter gene
fusion constructs.

[00111] A fragment (1 kb) corresponding to the Oslrkl promoter was amplified in
PCR using genomic DNA (100 ng) extracted and purified from the leavés of WT seedlings
and the following primers: PromOslrk1F (CATTGCTTGGTCATTGG) and PromOslrk1R
. (AGGTCTGCGAGGAGTT) corresponding to promoter sequence of the Oslrkl gene. The
PCR was carried out in S0 pl containing 1X PCR buffer, 1.5 mM MgCl, 200puM of each
dNTP- and 1.5 U of HotStar Tag-polymerase (5U/ul) (Qiagen,). Cycling program
included: 95°C for 15 min, 94°C for 40 sec., 58°C for 40 sec., 72°C for 1 min, 30 cycles.

The amplified fragment was purified from the 1% agarose gel and sub-cloned into pGEM-
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D(+/-,m xture of isoners)mannose, D(+)gal actose and
i ncubated 48 hours in normal day/light conditions.

WO 0@EO089CGer m nati on of WI and nut ant seeds i NnPCT/SG2005/000335

gal act ose/ mannose contai ni ng nedia. WI and nut ant
seeds were germ nated separately on M5 nmedi um ‘
T Easy vectnisingm GgVoT $Eesa yaectoafystens kPeeoege. Matizod Wi 8754, Cat.
D( +) gal act ose/ X +/-)mannose was added in different
NA1360). caometer r@d/ikdns pGEM-TOE&y ¥ector veasdcliaved) with avigpI vent] hSaell
control (M5 wth 1% of sucrose). At 14 days after

restriction &RKMeslahb®) Fragnti@it 0PI er KR cb@EPondihg 88! IRNDskk 0 Yo e was
numr and length (cm, shoébbt% Ien%th (cm ang

purified ﬂo&;{hgﬁgﬁﬁﬁcpﬁ‘seﬁ 'I%Clg)((%r"&&ﬁné WWIA[ 20310%L+to ?%ﬁ)’

Mut ant Seedlings In A Contal ning Me
- n tant_ seeds were rnn d_ar L N.-NVB.
digested wiff WL bpsRETER ARH R TBHA Tyl B CRb 1¥in e

MedA (I, ooM . and | OM\) for two weeks. No MeJA was
performed l&&tﬂe%anlﬁ%%ﬁm&lt (Reshe)fonpernighittfehgt h (cm) of

adventitious roots as well as the nunber of | ateral
[00112]  r oPrem@eirkl :read uscasirudt 00 IAMBLANR0A r was Higebtad usith Al

Pronoter Oslrklv.eyfp Constructs. Two constructs

and Ncol résdfidtRonnénrgmes,oftiintdnt @brre¥lohding (td .15 Kb)wdsudefledMd the eyfp
ei ther gush or eyfp genes were generated. A 1.5 kb

containing b&RHubt PESHPL (K SRMik &4 AN 208%) SRhAG! fithiRie edmbi fesiticoh
the finding of stop codon of ‘anot her annotated gene

enzymes (%%gﬁg%n}g@gﬁge\}@ kb upstream of ATG of the Gslrkl.

rformed a search for the cis-regul atory
. el nts on different.regjons u ream ATG codon of
001131 ¢, H PGS e BB BARS TG RO PELE T aialpd
2002) .and dat abase for the search of cis-regul atory
transfonnat@ne(%ﬁteé abl@oft) iisasaenistcallhwes splscisd andregendnteit s wer e
present along the 1.5 kb and 2 kb sequence | engths,
- [00114]  butGUSeStaimingr Analysisenadt Contacik dicgpseopy+ hefor. thek BUS
region conprised all regulatory elenments, at |east
expression kfudgedifferent organs of rice plant at different stages of development were
collected into GUS staining solution (Kolesnik et al.,, 2004) and incubated at 37C. Then
staining solution was replaced with 70% ethanol to remove chlorophyll content, followed
by microscopic visualization of stained tissues under a LEICA MZ12 microscope (Lieca
Microsystems, NuBloch GmbH, Heidelberger). For anatomical details, the stained roots
were infiltrated, embedded, and mounted using the LEICA HISTORESIN Embedding Kit,
(Leica Microsystems), according to the manufacturer’s protocol. The mounted samples
were sectioned using a triangular glass knife (clearance angle 4°-7°), on a motorized

microtome with retraction, LEICA RM 2165 (Leica microsystems), and observed under a

Nikon Eclipse 80i microscope.
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avai l abl e in the database, we anplified this region
and used it for pronoter-reporter gene fusion
w@orsissset s. [ 00111] A fragnment ( 1 kb) corr esponsGHgs/000335
to the Gslrkl pronoter was anplified in PCR using
genom ¢ DNA (100 ng) extracted and purified fromthe
[00115] | eBMEP efpr¢fsice @dltransgeniznplants chatlodringwProgogsen @elst::eYFP
PromCteM F (CATTGCTTGGICATTGS and PronmGsl rkl R
construct wad\ehal{zEGRSNSILSTN i 0T 6165 ¢Hd Atltrogedpe (Modebs By MBIyVanig
of the OGslrkl gene. The PCR was carried out in 50 m
488nm wav%%gﬁi'. e gmh%in% setfofthed With Z78Ms YR IndBOBvb Réer S8ftbn
dNTP- and 1. of "Hot St ar Tag- pol ynerase (5U/ m)
3.2.0.70 (Q agen,). Cycling programincluded: 95C for 15 mn,
»TTT 94C for 40 sec, 58C for 40 sec, 72C for 1 mn, 30
cycles. The anplified fragnent was purified fromthe
Stati%bcﬁgépﬁlgﬁ'sgel and sub-cloned i nto pGEMI Easy vect or
usi ng pGEM T Easy.Vector System | aPr onega,, Madi %on,
[00116]  \y Thegamuesiers linad J5G3ble Br Watssabicetsdl fof-testanddhs prebebility
vector was cleaved with Ncol and SaR restriction
values (pVelugs)neste tilewatefly Therdhehaddr of VK banso mudand othaiasterisiacst e
Cslrkl pronoter was purified fromthe gel and used
response todinceatiny doatemtdadonngf MeJpCEIBIrA )3l Mantase {(ndAVHRApse
digested with the sane restriction enzynmes (pronoter
igure 10)Paré Ksted Bedical V8 by ARaNES oP §TafiaRdeRANGVAY. TraPiest
(Figur )DNA Li gation Ki tVI%Roche)yforw%ver ni ght at 4C. [00112]

was used tov\{wﬂ'?%ﬁ%tg Fﬁea%gﬁﬁggg it léﬁ&ng.te I%g EM for %ggxfltré%ﬁe&% afshid

restri enzymnes, ragnen

i oS FETRERS bt S LS B g
s e Sl SR AT SRALE bS5t b e

transfornmed in rice calli by Agrobacterium nedi at ed
changes forthodinkéasmenlsi on (Hiei et al., 1994); transgenic calli
wer e sel ected and regener at ed.

DISCUSSION

[00117] ~Several reports have shown that the lectin-like receptor kinases were
encoded by multigene families. In Arabidopsis thaliana 10 lectin-like kinases were
described (Herve et al., 1999) and 42 genes were predicted (Barre et al., 2002; Navarro-
Gochicoa et al., 2003); in Medicago truncatula at least 9 LRKs were reported (Navarro-
Gochicoa et al., 2003); and in Populus nigra the presence of several LRK homologs in
genome was demonstrated by Southern hybridizations (Nishiguchi et al, 2002). We have
also shown by ClustalW and BLASTNP homology searches in NCBI databases that the
Oslrkl gene belongs to a multi-gene family comprising of al least 64 members. They were

“distributed on different chromosomes forming clusters of two to three genes. The events of
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[00114] @US Staining Analysis and Confocal M croscopy.

For the GUS expression study, different organs of rice
w@k@an3sspl di fferent stages of devel opnent wer ePCT/SG2005/000335

col |l ected into GUS staining solution (Kolesnik et a

and te at . 37C. Then stainin ol u |onvvas
clustering Ofgﬁ?@sc‘@are cBSoFRT BenaEre o B R EOTRS SAgHd in andemm
ntent, foll owed by m croscopic visualization of
repeats (Shit & AbA0RH)s dihe s mER fandom FrEa ation. of REKS Seasepyliskeshin
M crosystens, NuBl och GrbH, Hei del berger). For
Arabidopsisa(Bf/grithdalet algt20013} but irerise, piartedlarlypthe degree of RLK tandem -
infiltrated, enbedded, and nounted using the LEICA
duplication Hi gheOREGI iN AabiidgsiBoR ikt LR shafed Rdnedl0gy 6E1@REN 23 to 75%
according to the manufacturer's protocol. The nounted
on the protePREREIES Wer e sectioned using a triangular glass knife
(clearance angle 4-7), on a notorized mcrotonme with

re c )
l00118] - (AP Mgkt it Bpg s oy B4ELETR) s
Si an | ant.s h orin
homolog oﬁﬁ%ﬁﬁﬁ R Rl iR Gl Rt ) (e Hoae? e
i ess Conf ocal m croscope (Mdel 510 META) using 488nm
phenotype %v@l TN Y PhAngPREAEClRst gt Tenterakd dariahpazt paBparefo
| mage Browser version 3, 2,0,70. Statisti caI Anal ysi s
the WT, evgngbaugd] it Wae a put amsagras thel insesigori landeabinéhe]™ ewenef the gene.
subjected to Mest and the probability val ues (pVal ues)

We could noedeenaratrateltid expreskivn dieho@i/at?, afthddghahscordspaiding cDNA
characteristics in response to increasing

from immahed) Sk s folied af KB dakdbasy ®ith)a S99 rﬁﬁ&[‘ﬂ?ﬁl@&ﬂuence
Gal actose (Figure 10) were tested statistically by

mhe s U8 PRI 204l BTN gl Sl
wers om0 g B AROAT R0 O i
the Oslirk 2 muetarlltr};ue ? sci}glggsq tﬁ;tfﬂ?lg gene is functionally redundant under the normal
conditions.

[00119] The lectin like-receptor kinases belong to a class of receptor kinases with N-
terminal ligand binding lectin-like extracellular domain, transmembrane spanning domain
and cytosolic kinase domain. This class of receptor kinases was reported in Arabidopsis
thaliana, Medicago truncatula and Populus nigra (Herve et al., 1996, 1999; Nishiguchi et
al., 2002; Navarro-Gochicoa et al., 2003). In RLKSs extracellular domain is determined by
the specificity of the recognized ligand. The OsLRK1 possessed a legume-like lectin as a
recognition domain, as shown in other plants from Leguminosea (Vah Damme et al.,

1998). Legume lectins are unique group of lectins as they contain divalent cations binding

stites. The OsLRK1 has conserved residues responsible for Mn?* and Ca®" binding in its
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Al so we have perforned CGeneral Linear Mdel ANOVA to
i nvestigate the type of pattern changes for both
wo e@ansssat s. DI SCUSSI ON [ 00117] Several report BCTI&GE05/000335

shown that the lectin-like receptor kinases were

encoded by nultigene famlies. In Arabidopsis thaliana
lectin domairp(Higireisn- These ckiiensswe cstential destbe icatehydarorkinding getivity

1999) and 42 genes were predicted (Barre et al., 2002;
of lectins (SNanoarand1.i3a2062)coa et al ., 2003); in Medicago

truncatula at |least 9 LRKs were reported (Navarro-

[00120] CGoqhk GSpareE amlino acldddjlvednid mdhobaRHAEe binding Wwdtefound in
presence of several LRK honol ogs in genone was

t _
s RS0 a5 S Y G 7

correspondel?ﬂg% 9y >G3% %Hl%feté Eﬁin[}!%BJcléj&tq?mﬁﬁ 1gtupea£ &mn@lbnlgf the

gene Dbel ongs am rising of

east 64 ne wer e dlstrlbut d on ,dif eren
aligned amiph, AHHSSHBES ASFHP ﬁﬁ%ﬂ%& TEPCROIES L RALE ﬁke
The events of clusteri ng ‘'of RLKs were described i n r| ce
kinases, exegpbMedicage naaaiulediostys Kigased M eetnkililh Wapithemeldpaigtasid
(Shiu et al.,2004). The simlar tandem organi zation of
(OsLRK1, M)Amshm:hm bl c¢ R Br 1zkidaesp Siteer (c@usy veghriesideas iavolved
2001), but in rice, particularly, the degree of RLK
in sugar redogmﬁemcdﬂﬁiéioﬁdéd QﬂGmyléﬁ’l 63{snt1?‘1tatﬂlyzlz17 Aab’ dodsdwed Beq@ence
LRKs shared honol ogy between 23 to 75% on the protein
of lectin dolrr%Yr? lwere[ 904 k&indV%, tﬂé“(%LRT@lnﬁﬂofélﬁ B &&idBY B ectih MM, Hhe

Insertion in the closest honol og of the Gsl rkl,

OsLRK1 afsg t%ocs?ésrs%%no W fi- cggge%éde%r%ﬁ %\éé'ﬁlhg rklﬁ sel (ﬁ‘&naﬁﬁl th!he C-

reveal any anges 1 n
terminus of 16 IR L ‘rﬁﬁot’fgnﬁ%%teﬁsai‘ dn%%%fam?rﬁq%%df"“@ i ik;
insertion |anded in the 1st exon of_ the W coul d

Nishiguohi goeL. ZORGhand Ardidopsisehiiheddi % Hott: ehe? ﬁf@e shawhiy

t he correspondi ng cDNA
capable to autophosphorylation at the conserved serine/threonine residues in the kinase

domain. Similar phosphorylation miotifs (DIKPS and GTLGYIAPE) were observed in the
kinase domain of the OsLRX1.

[00121] Expression analysis of the Osltkl by RT-PCR, c¢DNA libraries screening and
Northern-blots demonstrated that the Oslrkl was predominantly expressed in roots, similar
to MtLecl;l, MtLec7;2 and MtLec7;3 from Medicago truncatula (Navarro-Gochicoa et
al., 2003), PnLRKI from Lombardi poplar (Nishiguchi et al.,, 2002) and AtlecRK2 from
Arabidopsis (He et al., 2004). We have~ demonstrated by RT-PCR and Northern-blot-
hybﬁdizétion that the Oslrkl was predominantly expressed in roots of seedlings and mature
plants. The BLASTN homology search in NCBI EST databases revealed the EST

sequences derived from rice roots of one-week-old seedlings (Accession N BE039888) and
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fromimmture seeds was found in KOVE database with a
99% match in the sequence. The seed yield was
wao baoossshl y anal yzed in the honbzygous nut ant, POUISGI05/000335

di fferences were observed conpared to the WI' (data not
shown). The | ack of the obvi ous phenotype in the GsM

from roots @f hreadirvhent (AxtcessigyBEIDE7RS) dpmticaljéms' ofsthé Gistrkl proaddiyg
redundant under the normal conditions. [00119] The '

the additiorlaetidendek o€ tliecexpdssion kafnkis @snd &l iogs. Balditionbig the hnalysis
receptor kinases with Nterm nal |igand binding

of the trandgBRiti flanth KErR¥hE AEE Usmcfif)roﬁm@;:gus,& bARSFESINRME] that the

Spanni ng domai n"and cytosolic ki'nase domain. This

| f ' r depf i: [
Osted predBiiihely ol fRGH B it DASSRNED BASE THE APARAPRE B
.et_al ... 1996, .1999 N shiguchi et al.. 002;.

OSLRK1 iR ypiiogs dRietbangpaty) Sthedha) ebhe, Tripudiuf in upptipige
domain is deternm ned by the specificity of the
development qrognfazeRft PT Gurtent #ARSPOE| TR ouEscuger 0 fhegionts: Crass

l ectin as a recognition domain, as shown in other
sections of paaih o WF end pudantidid sefareyesd dififeramass én organizatignel vascular
Legune | ectins are unique group of lectins as they
tissues, whichtiggastsctheiathe @sLRA T bardlybplagh agolstin tvesculafive destiRpinent.
has conserved residues responsible for M2+ and Ca2+
On the otheP higH, Ak mitant flaBtdispldRTahdledpah@id ®obsystelt) &Ffclt Aldzedisd
are essential for the carbohydrate-binding activity of

that carbon {fftfiLM$ dépgglﬁi:ﬁ)\%lgfo@g gw!'sioﬁrce %ang% tci]{hg QdA QLS Hﬁg}tﬁ‘%@ M drdRed

m no acl in nono chari de bi ndihg was

ound ., n equ l.ecti.ns. This residue was repl aced
by the lmockﬁﬁ{tq%éhe(g%h 6‘%“5?%‘%% LCERIN%hd it corresponded to

A yl35.i e compl ete am ng acid sequence (Fi.gure. 4
[00122]  5p rp%qg%g HpuHEe é‘iapﬁ'i?@é}l%é?ﬁerﬁ%%‘? Huglétqﬂ’f‘éﬁ% ca Slg‘?al

(Figure 5). Simlar replacenent was observed in all
from the apoplest and irkesniit Hdedbe crredmf the aels s REKs seere regulated b
ki nase (M LecRKlI;l), by either glutamc acid (OsLRKl,
various biotRndridBiotic stinéss tfactira.epofditiialle aRisIvedre sigdaldsansdidiien pathways
conserved residues invol ved
(McCarthy and Chory, 2000). The Arabidopsis AtlecRK-al and Lombardi polar PnLRK

~were induced by wounding (Riou et al., 2002; Nishiguchi et al., 2002), whereas AtlecRK2
was induced by salt (He et al., 2004). However, treatment of Populus nigra leaves with
different hormones such as ABA and JA and SA had no effect on the expression of the
PnLRK gene (Nishiguchi et al., 2002). These reports and the presence of several MeJA,
GA3 and SA responsive cis-acting elements in the Oslrkl promoter led us to study the
Oslrkl gene regulation by different hormones (IAA, GA3, MeJA, and ABA) and SA. The
differential Oslrkl gene regulation was demons;trated in response to hormones and SA. The
expression level was elevated in response to MeJA and repressed in response to GA3 and

SA.
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i n sugar recognition corresponded to Gy 112, Asn 124>
A y227, Ala 230 in deduced sequence of lectin domain
wowee/03888p found in the OsLRKI protein. Besi deBCT/6&2005/000335
| ectin domain, the GsLRKI al so possessed a
wel I -conserved serine/ threonine ki nase domain at the
[00123] Bemifeurelasivebhiovodewria of MadAl Berqats (Berepn 8t ali WSS Bf
Lonbardi poplar (PnLRK; Nishiguchi et al, 2002) and
ArabidopsisAt sies dlapen thaf Mel dcRicAglyHihibited miot g@0H (Staswiek shahwil 992,
be capabl e to autophosphorylation at the conserved
Berger et al§ @p96)|@jddarcear)i 1995). Similudy in ficé,eviomaes cdadwdntitious roots
Simlar phosphorylation noti fs (DI KPS and GTLGYI APE)

was also 1ﬂﬂ%1f%dol§§5 R af Qoﬁ&ﬁtrgt‘ld'iﬁ%ﬁ)réjm B @V INIBorfSs bR - 1997),
[00121]" Expression analysis of the Gslrkl by RT-'PCR,

however, thgj %cluka? ? %ﬁﬁ%&&fiﬁ% &??t%bimmsh&ﬁ &lkﬁ5§1{1] The fact that

enons was pre onlnan

the st ERGH o FnPRERT MG brdihePolat FRa e ol iy,

al 2003 PnLRKI from Lonbardi poplar (N shiguchi et
treatment st@geste@ thgd eéﬁ@}%} aesprodstgrdpedigtst Sqlgwtlpqg 1gtre@r1at1on
2004). W have denonstrated by RT-PCR and
of root growkler t her n- bl ot hybri di zati on that the Gslrkl was
predom nantly expressed in roots of seedlings and
[00124] nalnkcenipdsand Mell)eG BB Ahpprebretnhe dYsike aranberiph TaBIGASSTs
dat abases reveal ed the EST sequences derived fromrice

known as réRPrSwi profRting akctdl, Gt fR8Mlds '&ﬁﬁm(rﬁfecﬁ‘ﬁ&bﬁﬁtlh% B&Q@&%&)

andfrom roots of bread wheat (Accession

trough the ihﬂﬁ@‘oh%’f'l{é ?g A1 Mh‘éa@l EF Vighag, s663) aﬁﬂ.’é falsPﬂBQ«J

ences O e expres IS gene In roots

the Osiekl EHIRAG v tesiod Y DD (bt ér?%ﬁ HERRRE) it BURHD o

t hat the Csl rkl predomi nantly expressed in_the
GA3 (root g PRIE) GFasREelae, With firessnppd uicHAn of the Qsled aaa
In vascul ature mt%]a indicate either this gene is
root growthj inkibitowr cdhdditionaly.ithe tength obadvenitianstroels wag lessraliereddn the
nutrient transport from source organs to the roots.
mutant confparegsivetht i Wisupon GA3 treatment, which might suggest the role of the
OsLRK1 in mediating signal from GA3 in regulation of the root length.
[00125] A cross talk between hormone and stress signaling in plants is the current
issue in understanding the plant response to abiotic stimuli and regulation of developmental
processes. In Arabidopsis, salt-induced AtlecRK2 was shown to be up regulated by
ethylene (He et al., 2004) and in rice roots salt inducible SalT gene was accumulated in
response to JA (Moons et al.,, 1997). The physiological role of LRKs remains unknown.
The assumption that legume-like lectin domains in LRKs might be involved in

carbohydrate binding was not confirmed, moreover the substitution of the key amino acids

involved in sugar binding in the most of the LRXs led to the speculation that lectin
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of roots of WI' and nutant did not reveal differences
i n organi zation of vascular tissues, which suggests

wo bab/0sd8e1 OsLRKI hardly plays a rol e i n vascul BET/8&2005/000335
devel opment. On the other hand, the nutant plants

: ' t.he expanded .ropf sSyst I suggest ed
dornains hafdy Phf XSS A PARCHA LRl o} o B b Tl
rgans to.the root cells mght be increased by the
the most oﬁﬁ%cg%tm% uesHavelpRM speA Pipding innotheilegamsalestinsnwere
[00122] Thg OsLRKl, a putative trans-nmenbrane protein
conserved qicgpit Obdyspei Vo Arabidgnsis the entivation agfopittdsirk-ah dranscaips iyt
) it to the cytosol of the cell. The RLKs were regul ated
oligogalactupgnide mias uspdriedt (Riow eidalhi2002)c V8¢ aRS halaGhews that the Oslrkl
potentially involved in signal transduction pathways
transcript wad/éessby BNehrlche rsM%argQQ@épt MAE PieARicH aRs Mariib P afda&!

and Lonmbardi polar PnLRK were induced by woundi ng

increa,s;e the (ti?ﬂn@éhi:}éﬁtle@l of ng;@l?sugg‘g%a' tﬂ!ﬁ‘[qm(s @‘e fsl ngt ogrgg%%ﬂlyvf@gqﬁaﬁgé

At |l ecRK2 was i nduce y salt e

. : . t- af, ;Popul us ni.gr eayes W t

Despite the (B FEBRRERT QU Bbrohin” o sihd FoRhidiytenothe
effect on the expression of the PnLRK gene (N shiguchi

mutant showg ai?&g T5H985e Or‘y%ﬁé‘%ré’sﬁ%ﬁﬁ)ﬁgaland the presence of
several MeJA, GA3 and SA responsive cis-acting

[00126] o) Myygtiands,i gspemiallys Imenocpisorfoaleds 1aad impottant s tardtituehie of
Cslrkl gene regul ation by different hornones (I1AA

galactolipidsgag!l-walll polysavehaiRisy aad dglBrpratkias qDbfasment étadl., @DEKIGal
gene regul ati on was denonstrated in response to

was shown beramosrgsstivng iBRibitdh f s &pshidth ir?lA%biM‘ﬁ%ise{IFdfﬁfaﬁlg ahl

. response to MeJA and repressed in response to GA3 and
Benning, 1958),[9R LG L v f Agd
oHmng ro%)t S I(b%gdngg%SE% %51 ‘i%zﬁggéﬁtdﬁéﬁﬂ%dggl gigp& 5 I%ﬂv\édslﬂato

ogs ot 590 b YR 8050 YA 46 9810 358y
1988). In baflgy it Rebive, e Lot el of stotCalpEBIoy R iemongated o
occur due to %gc{]u%gg Erilgérlt 8? thg%;rebotnqg ?hesgrgﬂw§nhg/bo(;g:nse(tl“hgrlpé et ;Ll(i 915)99) The
Oslrk]l mutant exhibited hypersensitivity in response to Gal when compared with WT
(Figure 10), which suggests that the OsLRK1 plays a role in Gal signaling to minimize its
effect in root growth inhibition.

[00127] Based on our results on the Oslrkl expression analysis and physiological
studies of the mutant we propose a model for the OsLRK1 in rice as shown in Figure 11.
The Oslrkl as a nc;gative regulator of root growth as the loss of this gene function resﬁlts in
expanded root system. The GA3 has been shown to promote root growth and on the other

hand, MeJA, salt stress and Gal have been shown to inhibit the root growth. Repression of

the Oslrkl gene expression by GA3 suggests that this gene may be involved in root gfowth

53



however, the nol ecul ar basis underlying the root
inhibitionis still not known. The fact that the

w@eioskbsspr anscri pt was i nduced by MeJA and t heP@IS&IN5/000335
was | ess sensitive to MeJA treatnent suggested that

misicion, 1S5 CRARAR LT BB B AE R et
M, s B b o ks bl B B coae

.. .. auxin role in pronoting root growth trough the
and inhibitsithhroet grosrih.dRepressionred Qshkl trarsormtbiypbal an shqiRubyexpression
_ Har berd, 2003). The fact that the GsMl transcript was
studies and the ypgusknditdtybyf vietak torGa tindicwd that MBiGHIRK D isdmeblved in
i nhibited by GA3 (root growth pronoter) was correl ated

response to \plaladtos® @nd HEHIBIE oot WREAAsRM. P shlifiaf lolK besifis Fel
Growth inhi b tor . AdRItanal 5 S £ resifls &' ABosed a

role of thA@YGRKI i QUS hgRtiSe V‘Eg%llaéigo L& ﬁg%a{n’gio&ﬂ Ig%cﬂurﬁ?ﬁ%t{ar of

conpared to the Wi up r eat
. of t OsLRKI i di ati i |
‘phytohormoER el ek B g nf el Hlar ST RE! 65BN engt h [ 00325] A

cross tal k between hornone and stress signaling in
plants is the current issue in understanding the plant
response to abiotic stinmuli and regul ati on of

devel opnent al processes. In Arabidopsis, salt-induced
Atl ecRK2 was shown to be up regul ated by ethyl ene (He
et al., 2004) and in rice roots salt inducible SalT
gene was accunul ated in response to JA (Mons et al.
1997). The physi ol ogical role of LRKs renmains unknown.
The assunption that |egune-like lectin domains in LRKs
m ght be involved in carbohydrate binding was not
confirmed, noreover the substitution of the key am no
acids involved in sugar binding in the nost of the
LRKs led to the speculation that |ectindomains hardly
can recogni ze nonosaccharides (Herve et al., 1996,
1999). In the GsLRKI the nost of the key residues

i nvolved in sugar binding in other |egunme |ectins were
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conserved except of Asp . In Arabidopsis the
activation of Athlecrk-al transcript by
wo@bkiogosgabrct ur oni de was reported (R ou et al.,PDSR)005/000335

We al so have shown that the Gslrkl transcript was
repressed by various sugars except Man. The fact that
Manni t ol did not REFERIBMCHENe transcript |evel of
Gsl rkl suggested that this gene is not osnotically
regul ated. Despite the differential regulation of

Barre, A., BRI&|COREERR] B, Ryd ddugsS Pﬂ(ZOU@?.bD&xﬁhtr@b@ﬁor kinases in
nmut ant Showed al tered response only in response to

plants. Crit.%bilﬁ%%%c%@h, by pbg@nts, especially, nmonocots, Gal is

rtant’constituent of galacto lipids, cell-wal

mesat, . 0TSRRI 3 SRR 6L By o

. root expantion in Arabidopsis (Dormann and Benni ng,
Dev. Biol. 18948y192yar | ey (Farrar et al., 1994), oat (Cheung and
C el and, 1991), tomato &Huges et al., 1974),. wheat
Berger, S., BehUBisand Mudlek,)J. Be(1286)a o sudiiey jaspuiiesingepsiyfonanis
al., 1988). In barley, the inhibitory effect of Gal on
show altered expiressidinlof aix Pignisiresponsesto deatiny gasnanetd and vopwdingdBlent o
reduced inport of the carbon to the grow ng organs

Physiol. 111, khenpe et al ., 1999). The Cslrkl nutant exhibited
hypersensitivity in response to Gal when conpared with

Cheung Sl?/\g?ng tgéiég?,llg?ﬂg r@%‘ 12_@19&_&9&151&@ Alinbigdeeel kb wil Gys a

ein gtomnmze its effect in root

Avena cole(%l?%ﬁ%@ tlg/)gg}!)egc%ltgl%ugﬁsalﬁgrﬁaﬁ]Phggig? %I%O{bl%gfm@_es ults on the

al'ysi's "an Yysiol ogical studies
. of the nutant we_propo el for the. CsLRKI |
Chin, H.G.¢ Cbee> 38 So b H-gh Ab (65T MileeslFael bt o FReglP e
' regul ator of root growh as the loss of this 9ene
harboring A¢{Rsdraneposplls elameent-medigted geag tepping systeBrklante 14403 5has
been shown to pronote root growh and on the other
623. hand, MeJA, salt stress and Gal have been shown to
inhibit the root growh. Repression of
Dellaporta, S.L., Wood, J., and Hicks, J.B. (1983). A plant DNA minipreparation:
version 2. Plant Mol. Biol. Rep. 14, 713-726.
Dormann; P., and Benning, C. (1998). The role of UDP-glucose epimerase in
carbohydrate metabolism of Arabidopsis. Plant J. 13, 641-52.
Farrar, J. F., Minchin, P.E.H., and Thorpe, M.R. (1994). Carbon import in barley roots:
stimulation by galactose. Journal Exper. Bot. 45, 17-22.
Fu, X., and Harberd, N.P. (2003). Auxin promotes Arabidopsis root growth by
modulating gibberellin response. Nature 421, 740-743.
Hardie, G.D., Carling, D., and Carlson, M. (1998). The AMP-activated/SNF1 protein
kinase subfamily: Metabolic Sensors of the eukariotic cell? Annu. Rev. Biochem. 67, 821-

853.
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the Gslrkl gene expression by GA3 suggests that this
gene may be involved in root growthinhibition.
wo pabaossson of the Gslrkl transcript in WI and PEUsGBE5/000335
sensitivity of the nutant to MeJA, showed that the
GsLRJCA perceives signals from MeJA either directly or
He, X.~J., Zhaog, Be®l, W ann B--Qafnsl €ben-h®-Y 3004 dveah resRepsiessicepiont
Gslrkl transcript by Gal as shown by expression
like kinase gehel tipaiatadisl thb ethiyieme sipankng pathway efcodes aplbsthomEaibrane
indicated that the GsLRKI is involved in response to
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results we proposed a rol e of e OsLRKI as a negative
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4.  The isolated nucleic acid of claim 2, wherein the nucleic acid is a genomic DNA.
5.  The isolated nucleic acid of claim 1, wherein the nucleic acid is RNA.

6. The isolated nucleic acid of claim 5, wherein the nucleic acid is mRNA.

7. The isolated nucleic acid of claim 1, wherein the nucleic acid is a fusion gene.

8. A vector comprising the nucleic acid of claim 1 operably linked to a promoter that

controls expression in a plant cell.
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9. A métBEBfol 2fatiWkatgilstionl dfideedopraent in a plant, seidatehodieomherising:
acid selected fromthe group consisting of: (a) a

n Ufihﬁf&nﬁ%gEd pméu wuﬂqu lléaet SHeGhRRbtidE seRaMRRrab8! linked to
forth in a nucleic acid conprising a

a plCH’H&.JCIe Bl gg?ﬁﬁgéﬁ%&@ﬂg %'15919 @%ﬁ,) Wh&G A Q%u@féb@((ije sequence is

sequence o nuc

an antisense nucleotlde sequence
selecgﬁ%@?&?}gﬁoﬁﬁc?%s%mﬁ &1 eoti de sequence of (a) or (b).

2. The isolated nucleic acid of claim1, re| t he
nu @imvickedg %015 goIpppising th eméﬂaow SRAMENGT et ﬂ? NO: L;
claim?2, wherein the nucleic acid is a cDNA. 4. The

and i sol ated nucleic acid of claim?2 wherein the nucleic

acid is a genomc DNA. 5. The isolated nucleic acid of
cl @) m duclaid acidicontphising echeilentide iseluieacdIMAL eroddhihe amino acid
i solated nucleic acid of claim5, wherein the nucleic

sequence of 3D NOTANAd 7. The isol ated nucleic acid of claiml
wherein the nucleic acid is a fusion gene. 8. A vector

Co&ﬁﬁh&hﬁ%h&@&lﬁﬂ?é afit. @cid of claim1 operably |inked

to a pronoter t ontrols expression in a plant
cell.9. A nethod for negative regul ati on of
devel opment in a plant, said nethod conpri sing:

with at |east one nucleotide

10. Thegxga@ T’?g.égérﬁgra Pt II}J?&’HIPEJCH‘WS&IB‘”EHCSHDt er that controls

expression in a plant cell, wherein the nucleotide
sequence is

11.  The method of claim 9, wherein the development is root expansion.

12.  The method of claim 11, wherein said regulation comprises transmitting signals from a

sugar or a phytohormone.

13. A method for promoting increased root growth in a plant, said method comprising:
transforming a plant cell with at least one nucleotide sequence operably linked to
a promoter that controls expression in a plant cell, wherein the nucleotide sequence is

selected from the group consisting of:
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14.

15.

16.

17.

sel ected fromthe group consisting of: (a) a nucleic

acid conprising the nucl eoti de sequence set forth in
WERQeoESNO. 1; and (b) a nucleic acid conpri siPgr/8G2005/000335

nucl eoti de sequence that encodes the am no acid

sequence of SEQ ID NO 2; and cultivating the cell

into a (a)amt anti®nseTheclaetidvostquenel admespondihgriei fiet husleotide

plant is a nonocot. 11. The method of claim9, wherein

sequéit® setersfth @PBBQLID NOF epdndexpansi on. 12. The nethod of
claim 11, wherein said regulation conprises

transm ? | 0 2bS0RE Snldue fHE&Hce OforfespEiidifd) ab MR Ncleotide
13. A hod for pronoting increased root growh in a

I ' t 1 .S109; . | ant
seaufthago iRy TR SATRLRh Ot RO N A PR
[in edIotﬁe%.mter that controls expression in a

pl GHEVRE) B 4PlPMe nucl eoti de sequence is

selected fromthe group consisting of:(a) an anti sense
nucl eoti de sequence corresponding to the nucl eoti de
sequence set forth in SEQID NGO 1; and (b) an

The sathod efiskimud) wbereidchs planeneenmorotespondi ng to a
nucl eoti de sequence that encodes the am no acid
sequence of SEQ ID NO 2; and cultivating the cell
into a plant. 14. The nethod of claim 13, wherein the

The Rlefal off 8lafin TBNMAGEIN the inc?é&@edl%bh%ﬁwﬁf cothRiseh A8 expanded root
wherein the increased root growh conprises an

syste%{(panded root system

The method of claim 15, wherein the expanded root system includes more adventitious

and/or longer lateral roots.

A transformed plant cell having stably incorporated into its genome at least one
nucleotide sequence operably linked to a promoter that controls expression in a plant cell,
wherein the nucleotide sequence is selected from the group consisting of:

(a) a nucleic acid comprising the nucleotide sequence set forth in SEQ IDNO: 1;

(b) a nucleic acid comprising a nqcleotide sequence that encodes the amino acid
sequence of SEQ ID NO: 2; and

(c) a nucleic acid comprising an antisense nucleotide sequence corresponding to a.

nucleotide sequence of (2) or (b).
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16. The nmethod of claim 15, wherein the expanded root
system i ncl udes nore adventitious and/or | onger
WO 2606038891 oot s. 17. A transforned plant cell hewi/662005/000335
stably incorporated into its genone at | east one
nucl eoti de sequence operably |inked to a pronoter that
18. A transganioblank kpyias sfably ing¢omopatethinte dis| gen@pis; i lgast ipme nucleotide
nucl eoti de sequence is selected fromthe group
sequenpa Spetablyglinked t¢ a)pramotec Hat cormild exppessiansinrayplahiecell, wherein
nucl eoti de sequence set forth in SEQID NO 1; (b) a
the nfi¢16dtRicGeqfonde BaRREicAiffogh the pusipadhbigitngefiuence t hat
encodes the am no acid sequence of SEQ ID NGO 2; and

(Ch) AnBliE SR 1RGN 1ROMRIdoHIB SeBn et FRISA SHEIBNA:de
seguence corresponding to a nucl eotide sequence of (a)

Io:](gg 91) m}t‘ﬁ ic ?cldn ?gﬁ?g 21' ﬁu(fféo%i'ag abjtgwéngg tﬁétaéﬂc%de the zlugiém acid

rporate genone east one nucl eot

sequ ahbly Iinked to a promoter that controls
“ﬂuﬁyﬁngéﬁﬁﬁpﬁh'g’%F%nt cel |, wherein the nucleotide

sequence i.s selected fromthe group consisting of: (a)

a (Gle|mickeiaarid ayinengn eRsCRYCNEEtdls seauensR COTseRonding to a

forth in SEQID NG 1; (b) a nucleic acid having a
nuclaotidt empecnkee ddguaribk t hat encodes the anino acid

sequence of SEQ ID NO 2; and (c) a nucleic acid

havi ng an anti sense nucl eoti de sequence correspondi ng
to a nucl eoti de sequence of (a) or (b). 19. The plant

19.  The Rintriaih k8, whbehs plfeisklAddochs a nonocot. 20. A
seed of the plant of "claim19. 21. A nethod for

regul ati ng devel opnent in a plant, conprising:
transformng a plant cell with at | east one nucl eotide

20. A sest SHEDSRnCRRAAR! . ! 1 Nked to

21. A method for regulating development in a plant, comprising:
transforming a plant cell with at least one nucleotide sequence operably linked to

a promoter that controls expression in a plant cell, wherein the nucleotide sequence is
selected from the group consisting of:

(a) a nucleic acid comprising the nucleotide sequence set forth in SEQ ID
NO: 1;

(b) a nucleic acid comprising a nucleotide sequence that encodes the
amino acid sequence of SEQ ID NO: 2; and

() a nucleic acid comprising an antisense nucleotide sequence

corresponding to a nucleotide sequence of (a) or (b); and
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22.

23.

24.

25:

26.

a pronoter that controls expression in a plant cell
wherei n the nucl eoti de sequence is selected fromthe
w@emap3ssonsi sting of: (a) a nucleic acid conprPGI/BG2005e00335

nucl eoti de sequence set forth in SEQID NO 1; (b) a
nucl ei c. aci d rising a nucleotide sequence that
enﬁ‘blg&n gfae ??”) %B#aalgsequence of SEQ ID NO 2; and
(c) a nucleic acid conprising an anti sense nucl eoti de
sequence corresponding to a nucl eotide sequence of (a)
or (b); andcultivating the cell into a plant. 22. The

The metioddbfofaim|2di whertin thhplesi is atrhenogbtant i s a nonocot .
23. The nethod of claim 21, wherein the devel opnent
conprises root growh. 24. The nmethod of claim?21,
wherein the regulating conprises introducing a

The FReHoMI FRLaiAM 1] WheRirAs Hedeldpidnt Bdmpiiees BbRABrowdD: A
nucl eoti de sequence havi ng greater than 50% honol ogy
to a full-length nucl eoti de sequence set forth in SEQ
ID NO 1, wherein said honol ogous nucl eoti de sequence

encode .pal.y ti whi ch retains bioal nogi cal . N
The ARG 5 PR 1t B By ARy ok Sbfbies TS RRiaEuppdieptign o
negati ve regul ati on of root expansion in a plant, said

an aghl Reyg of i ng: transforming a plant cell with at
| east one nucl eoti de sequence operably linked to a
pronoter that controls expression in a plant cell,
wherei n the nucl eoti de sequence is selected fromthe

A ngrlentjde cegsdrst itagingf gredter) than ridéh domotterysteqa dult-éenigthy hngeotide
greater than 50% honol ogy to a fulllength nucl eotide

sequﬁ%uf%ﬂ* gerthgh R0t NO: SEQAdRiNGaidl hoMdREeid nsdkétide sequence
onol ogous

encodes a polypeptide which retains biological activity of the full length sequence.

A method for negative regulation of root expansion in a plant, said method comprising:

transforming a plant cell with at least.one nucleotide sequence operably linked to
a promoter that controls expression in a plant cell, wherein the nucleotide sequence is
selected from the group consisting of:

(a) a nucleotide sequence having greater than 50% homology to a full-
length nucleotide sequence set forth in SEQ ID NO: 1, wherein said homologous
nucleotide sequence encodes a polypeptide which retains biological activity of the full
length sequence; and

(b) a nucleotide sequence having greater than 50% homology to a

nucleotide sequence that encodes the amino acid sequence of SEQ ID NO: 2, wherein
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nucl eoti de sequence encodes a pol ypepti de which
retains biological activity of the full length

waegaessset and (b) a nucl eoti de sequence havi NBCTY8@ZNEN00335
man 50% honol ogy to a nucl eoti de sequence that encodes

the am no acid sequence_of SEQ JD NQ . 2, .wherej nsai.d

said msdgobide isepIones seandes & pob@ea ‘ﬁ%’ﬁ? pelpins &’égygﬁﬁcglha"%"lty of the
retains biological activity of the full |ength

full leptjussquecepad cul tivating the cell into a plant. 27. A
nmet hod of pronoting root expansion in a plant, said
nmefutediiag terdeliing a glamnsforming a plant cell with at
| east one nucl eoti de sequence operably linked to a
pronoter that controls expression in a plant cell
wherei n the nucl eoti de sequence is selected fromthe

27. . A metigddt ﬁ)c&ﬂgﬂl Iioggegg;nsigﬁ%no?glaﬁﬂjg 13 Gl AR AeRIpERIde

sequence coOrtespo ng nucl eoti de sequence havi ng

greater than 50% 0 to _then eqt |

JeTt Giming o RBCoOVRAP oot Sk Ao Bt he, BEAUEH Ficed to

nucl eoti de sequence, correspondi to.a nucl eot l&je .
a progeaierethaleConiiPin g Rspssiongn 3 RIAL etboirsTan é@@nt‘@e%{l © sequence 15

nucl eoti de sequence that encodes the am no acid
selecddiremthe gréursE@sistinglof: 2; and cul tivating the cell

into a plant. 28. A transforned plant cell having o

st abl y (aycar patigned rucieotid¢ seqemorrecoatesparaiits dmea nucleotide

nucl eoti de sequence operably |inked to a pronoter that

sequéRBhaPhs 1881 S0% hBmdldalyas thealcleotivh ssqience dee forth in SEQ
nucl eotrde sequence is selected fromthe group

sisting of: (a) a nucleotide sequence having
H)hﬁfgalgt t han 50% honol ogy to a full-length

(b) an antisense nucleotide sequence cormresponding to a nucleotide
sequence having greater than 50% homology to a nucleotide sequence that encodes the
amino acid sequence of SEQ ID NO: 2; and

cultivating the cell into a plant.

28. A transformed plant cell having stably incorporated into its genome at least one
nucleotide sequence operably linked to a promoter that controls expression in a plant cell,
wherein the nucleotide sequence is selected from the group consisting of:

(a) a nucleotide sequence having greater than 50% homology to a full-length
nuclec;tide‘ sequence set forth in SEQ ID NO: 1, wherein said homologous nucleotide
sequence encodes a polypeptide which retains biological activity of the full length

-s€quence;
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29.

30.

nucl eoti de sequence set forth in SEQ ID NO 1, wherein
sai d honol ogous nucl eoti de sequence encodes a

w@oiogpsssti de whi ch retains biological activityPOf/SGHe5/000335
full length -sequence; (b) a nucleotide sequence having

greater than 50% homgl ogy to a nucl I,de sequence .
PHE acmusleitiberwateiRg dBViRe: Brout Haf b omals i ey nisleotide
wherei n sai d nucl eoti de sequence encodes a_pol ypeptide .
sequepiee cthat enendss the anaigp cagid aequepse i otEQnkD NP1 2 eWgrein said
sequence; and (c) an antisense nucl eoti de sequence
nucleotide ssqendd agrcodes a polipepiadd whichagtamsddologicabiactivity(df)the full
29. A transgenic plant having stably incorporated into
lengthlséquzaeqrmdat | east one nucl eoti de sequence operably
linked to a pronoter that controls expression in a
Pl @9lan G8lisens¥GEIBHHHEL Mu%@'&ﬁ%ﬁﬁdﬁ?qg eNg&elédtide sequence of
selected fromthe group consisting of: (a) a
() o{@gl eoti de sequence having greater than 50% honol ogy
a full-length nucl eoti de sequence set forth in SEQ
ID NO 1, wherein said honol ogous nucl eoti de sequence
encodes a pol ypeptide which retains bi ol ogi cal
activity of the full .l ength sequence; (b) a nucl eoti ?Ie,
A trapsgeiih @ é}g}/lﬁg Wﬂ@omqqegﬁd % IHoBTOBIy 2k lsas{ one nucleotide
nucl eoti de sequence that encodes the am no acid )
sequeneqpaablyofinlSEQo lalpri@ote? thaiisentzols expriessioniizl @plaptiecl], wherein
sequence encodes a pol ypepti de which retains
the nbilediidy seqhienge id seldeieddfort tie gronlg cdneistitho8equence; and
(c) an antisense nucl eoti de sequence corresponding to

a Y6 BRlIEARIeSRGURIE GaQing(Bbater 1{aB)50% homology to a full-length
nucleotide sequence set forth in SEQ ID NO: 1, wherein said homologous nucleotide
sequence encodes a polypeptide which retains biological activity of the full, length
sequence;

(b) a nucleotide sequence having greater than 50% homology to a nucleotide
sequence that encodes the amino acid sequence of SEQ ID NO: 2, wherein said
nucleotide sequence encodes a polypeptide which retains biological activity of the full
length sequence; and

(c) an antisense nucleotide sequence corresponding to a nucleotide sequence of

| (a) or (b).

‘A seed of the plant of claim 29.
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31.

32.

33.

34.

35.

36.

37.

30. A seed of the plant of claim29.31. A transgenic
pl ant whose genone conprises a disruption of the Oyza

W@ ai060388ect i n-Li |l ce Receptor Kinase 1 (GslrklPCeam5/000335

wherein the disruption conprises a Ds insertion, and
wherein the disruption result.s in saj ansgeni oy
A tragiie sk e B ORiRcPBRLE 4 UoeP B e SRR Eertng ke
a wild-type plant. 32. The transgenic p]ant _of claim
Receptor Kiase ii(ﬁs&ﬁ@ £6n% 5T e dstuptiosRamETsekh Bs lsgRtiogs and
the Gslrkl gene. 33. The transgenic plant of claim 31,
whervinéhedinruptien rasslieiased travogeniy pontrexbibting isereaged root growth as
expanded root system 34. The transgenic plant of
compated t81a3d1d-wWpepeing t he expanded root system i ncl udes
nore adventitious or longer lateral roots. 35. The
transgenic plant of claim31l, wherein the transgenic
pl ant exhibits nodifications in its aerial part, said
o : Lac P
The {BEkhE PbQIHIAR S bl ] A0UI AR P R PRI b g
s conpared to a wld-type plant. 36. The transgenic
|&EAf of clai m 35, wherein the hi gher seed yield is a
yield that is about 21% hi gher than that of a
wi |l d-type plant. 37. The transgenic plant of claim 31,
wherein the transgenic plant exhibits a .
The tranpgesepleit dfidlaiyn Tlo wherpal the insseasedravd gioarik gomprisasgan of
a wld-type plant.38. The transgenic plant of claim
expaiided robiesystiem. t he Ds insertion is |ocated 117 bp
downstream of the ATG codon in the first exon of the
Gslrkl gene. 39. The transgenic plant of claim 35,
wherein the flowering is del ayed by about five to

The t\?\%‘g gér%ugs/ gl\éﬁﬁf&r ﬁ%ﬁ% % .qu%‘;gﬂ?ﬁl@ @xé&dt:@ fodt s PUEh iRGuded nfdre

. ~The transgenic plant of claim 31,
adver%%u%lo?lotn%gr lta{e?eﬁ%gc?tg.l ¢ plant, when mature, is about

Oslr

The transgenic plant of claim 31, wherein the transgenic plant exhibits modifications in
its aerial part, said modifications selected from the group consisting of larger leaves,

delayed flowering and higher seed yield as compared to a wild-type plant.

The transgenic plant of claim 35, wherein the higher seed yield is a yield that is about

21% higher than that of a wild-type plant.

The transgenic plant of claim 31, wherein the transgenic plant exhibits a hypersensitivity

to D-galactose as compared to that of a wild-type plant. -
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38.

39.

40.

41.

42,

43,

30%taller than a wild-type plant grown in simlar
conditions. 4 1. The transgenic plant of claim 31,
wWOb@r03889t he transgenic plant, when mature, exPCDBGH05/000335

about 70% nore branches in the panicles than a

wi |l d-type plant grown in simlar conditions. 42. The

transgeni c plant of claim31l, wherein the transgenic

plant, at the seedling stage, exhibits a shoot |ength
The tegmsgasiniplanief dlaimekl, phgreimihe Dsiipgeetianis doggtedril 7 @p&wnsww

simlar conditions. 43. The transgenic plant of claim
of the8ATGuveloriimthedirst quonnf theddsittheeseedl i ng st age,

exhi bits about 56% nore adventitious lateral roots

than a wild-type plant grown in simlar conditions.44.

The transgenic plant of claim31, wherein said plant,

The tfnsg ﬁﬁﬁ%ﬂ M3 AYRereiiihb Wo%nh?ﬁsed@dyeﬂ @9ta§oﬁt|ﬁ% t&hout

about 74% 1 onger than lateral roo type

sevenﬁélijagjrs]télis g&%@iﬂah% s 'Ho%hng %{19{85&1952%2;?6 i A SO' at ed

'Sl ng ativa Lectin-Like
Recept or Ki nase 1 (CBIrkI) gene, wherein said gene
conprises a Ds insertion | ocated about 117 bp
downstream of the ATG codon in its first exon. 46. A
The teansgerdst Plepieofislaim 3 1o wherein the sransgenic plarievhgagmetgre, is about
increasing root growh in a plant, said nethod
30% tadlepthias rvgld-typaippnt growmgn shveilagsonditonst a pl ant cell to
conprise a disruption of the Oryza sativa Lectin-Like
Receptor Kinase 1 (Gslrkl) gene, wherein the
di sruption conprises a Ds insertion; and cultivating

The tdM8&fd plaht 118 B MherehBthe TRs g@ﬁfcfﬁ?ﬁn Ofhé&l Bhire thlblts

mhereln the disruption is a conplete knockout of t
about('/(a% 'irh}ré branches in the panicles than a wild-type plant grown in similar

conditions.
The transgenic plant of claim 31, wherein the transgenic plant, at the seedling stage,
exhibits a shoot length of about two times that of a wild-type plant grown in similar

conditions.

The transgenic plant of claim 31, wherein said plant, at the seedling stage, exhibits about

56% more adventitious lateral roots than a wild-type plant grown in similar conditions.
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45.

46.

47.

48.

49,

gene. 49. The nethod of claim47, wherein the

i ncreased root growth conprises an expanded r oot
wWGeywhe88sd0. The net hod of cl aim49, wherein thBCT/SG2005/000335

expanded root systemincludes nore adventitious or

The i Wgﬁl%gﬁlc p?:alt%l? Bgslairng g {é‘%}d}egeﬁn Isz;Sm ?})agg:aggg fg‘%ﬂ‘%ﬂﬁ% dig:/\;' thhlblts lateral
roo Gl S g RS g f o S T e e

sai d met hod conprising: mani pul ati ng the genone of a
Ondﬁﬁ%ﬁt cell to conprise a disruption of the Oryza
sativa Lectin-Li ke Receptor Kinase 1 (GCslrkl) gene,
wherein the disruption conprises a Ds insertion; and
cultivating the cell into a plant. 53. The nethod of
An isdl@tedmddeic whidroditprising adiCryzbsation Lectinal ike Rekgiter Kinase 1
knockout of the Gslrkl gene. 54. The nmethod of claim

(Osl&@) gaﬁéeﬁvﬁbx‘éni §d padi bhpdikdsaNSs inferdiBR 1RGNy Hﬁf
the plant are selected fromthe group consisting of

I ring and hi gher seed yield
dowxllsglregrgrrrt)‘g?e: é’coqghﬁ?/géj u%péé}&%l ant. 55. The nethod of

cl ai m 54, wherein the higher seed yield is a yield
that i s about 21% higher than that of a wild-type
ant. 56. A nethod of increasing sensitivity to
Asegi %faqhﬁe{a%%f‘ilﬁ%i”bl ant, said nethod
conpri sing: mani pul ati ng the genone of a plant cell to
conprise a disruption of the Oryza sativa Lectin-Like
Receptor Kinase 1 (Gslrkl) gene, wherein the
A methsd foptinceaso@iool geowttainasplantssaid methpd @oshprising;
manipulating the genome of a plant cell to comprise a disruption of the Oryza
sativa Lectin-Like Receptor Kinase 1 (Osltk1) gene, wherein the disruption comprises a
Ds insertion; and

cultivating the cell into a plant.

The method of claim 47, wherein the disruption is a complete knockout of the (Oslrk1)

gene.

The method of claim 47, wherein the increased root growth comprises an expanded root

systém.
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50.

51.

52.

53.

54.

55.

56.

cultivating the cell into a plant. 57. The nethod of

claimb56, wherein the Ds insertion is |located 117 bp
waloommssseam of the ATG codon in the first exonP@f/SGH®5/000335

Cslrkl gene. 58. The nethod of claim 56, wherein the

disruption is a co ete knockout of the Oslrkl gene,.

The Gigtioffas i Dy BHPET FEPBRSEIOR P dFaets e ontious or
plant is a nonocot. 60. An isolated Ds insertion

longey fateral redts.t he Oryza sativa Lectin-Li ke Receptor Kinase
1 (Cslrkl) gene. 6 1. The Ds insertion nmutant of claim
60, wherein the Ds insertion is |located 117 bp
downst ream of the ATG codon in the first exon of the

The @=MbIgFRRIMGY, wherdhi the DsfitNertionds &raicdd 17 6ptdognstvdath bfithe
a plant, said nethod conprising: manipul ating the

ATESWNE He MsPdxdRlf ol OsilQ geflPr i se a disruption of the
Oryza sativa Lectin-Like Receptor Kinase 1 (Gslrkl)

gene, wherein the disruption conprises an inactivation
of the GCslrkl gene; and cultivating the cell into a

ARb A8 SR TIE SRR oL S8 S BgE v "

nmet hod of, cl aim 63, wherein the degradation is
acHieppaiptipg dhegengmeeha pRhpell igrooammrise & disitignof the Oryza

sativa Lectin-Like Receptor Kinase 1 (Oslrk1) gene, wherein the disruption comprises a
Ds insertion; and

cultivating the cell into a plant.

The method of claim 52, wherein the disruption is a complete knockout of the Oslril

gene.
The method of claim 52, wherein the modifications in the aerial part of the plant are .
selected from the group consisting of larger leaves, delayed flowering and higher seed

yield as compared to a wild-type plant.

The method of claim 54, wherein the higher seed yield is a yield that is about 21% higher

than that of a wild-type plant.

A method of increasing sensitivity to D-galactose in a plant, said method comprising:
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manipulating the genome of a plant cell to comprise a disruption of the Oryza
sativa Lectin-Like Receptor Kinase 1 (Osltk1) gene, wherein the disruption comprises a
Ds insertion; and

cultivating the cell into a plant.

57.  The method of claim 56, wherein the Ds insertion is located 117 bp downstream of the
ATG codon in the first exon of the Oslrkl gene.

58.  The method of claim 56, wherein the disruption is a complete knockout of the Oslrkl
gene.

59.  The transgenic plant of claim 31, wherein the plant is a monocot.

60.  Anisolated Ds insertion mutant of the Oryza sativa Lectin-Like Receptor Kinase 1

(Oslrkl) gene.

61.  The Ds insertion mutant of claim 60, wherein the Ds insertion is located 117 bp

downstream of the ATG codon in the first exon of the Oslrk1 gene.

62.

A method for increasing root grdwth in a plant, said method comprising:

manipulating the genome of a plant cell to comprise a disruption of the Oryza
sativa Lectin-Like Receptor Kinase 1 (Oslrk1) gene, wherein the disruption comprises an
inactivation of the Oslrkl gene; and

cultivating the cell into a plant.
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63.  The method of claim 62, wherein inactivation is by degradation of the gene’s transcript.

64. The method of claim 63, wherein the degradation is achieved via an miRNA, RNAI, or

sRNA technique.
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