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Abstract

We isolated a novel receptor-like kinase with leucine-rich repeat by a differential screening for

genes that were specifically expressed in inflorescence shoot apices ofArabidopsi,~, and named
it IRK

(inflo"escence and root apices receptor - Iike kinase) after its expression pattern and structural featurcs.

IRK contains sequentially from the amino- to carboxy-terminus: a potential signal peptide for

membrane targeting, a leucine-rich repeat between two conserved cystein motifs, a transmembrane

domain, and a serine/threonine kinase domain. The kinas-e domain exprcssed in E. coli showed an

autophosphorylation activity in vitro, indicating that IRK encodes an active protein kinase. The IRK

protein fused to green fluorescence protein w'as targeted to plasma membrane, indicating that IRK is a

membrane- Iocalized receptor kinase. IRK was expressed not on]y at shoot apices but also in root tips

and developing flowers. Thus, IRK seems to be a receptor- Iike kinase with a relativel)' general function

in inflorcscence and root apices for an unknown signaling mechanism.
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Introduction

Sessile plants have to respond to environmental

changes to survive. Tn higher p]ants with multicel-

lular organization, intercellular signaling is required

to coordinate different cells of the whole plant so it

can adapt adequately to its environment throughout

its life cycle. Cell to cell communication plays a
crucial role in shoot apices during development and

morphogenesis. For example, surgical removal of

leaf primordia in Dr.vopteris affects phyllotaxy

(Wardlaw, 1949), indicating that intercellular com-
munication mechanisms via unidentified signals

released from leaf primordia must function for

proper organogenesis.

Comparative genomics among multicellular euka-

ryotes for which whole sequences are known such

as Arabidopsis, C. elegans, and Drosophila indi-

cates that different systems for intercellular signal-

ing are adopted in phylogenetically distinct species

(Arabidopsis Genome Initiative, 2000). For exam-
ple, none of the counterparts widely adopted for

signaling in vertebrates, insects, and worms such as
Wingless/Wnt, Hedgehog, Notchllinl2, Jak/STAT
and TGF-b/SMAD is found in Arabidopsis. How-
ever, it was estimated that the Arabidopsis genome
is encoding at least 340 genes for receptor--like

protein kinases (RLKS) with serine and threonine

specificity (Arabidopsis Genome Initiative, 2000).
Indeed, many important genes involved in signal
transduction in various physiological and morpho-

logical processes were recently described in plants

(van den Berg et al., 1997; Innes, 2001). One
important component is the group of RLKS (Irish
and Jenik, 2001). RLK is a transmembrane factor
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that transmits extracellular information to cyto-
plasm. The extracellular information in the form of

a ligand reccived by the receptor domain in apoplast
is transmitted to the cytoplasmic kinase domain to
promote kinase activity. RLKS in plants have been
mainly classified into five types based on the struc-
ture of the extracellular domains: the S-domain
related to self-- incompatibility in stigma-pollen
interaction (Nasrallah and Nasrallah, 1993), the
leucine-- rich repeat (LRR) domain, the EGF domain
(Mass_ague, 1992), the lectin- Iike domain (Herve et
al., 1999), and the CR4- Iike domain (Becraft et al.

,
1996). The RLK protein with the LRR domain is a
dominant class in higher plants. It is estimated that
therc are more than 170 genes of this group of
receptor-like kinase in the Arabidopsis genome.
The function of the LRR motif is generally is to
provide protein-protein interaction related to hor-

mone signaling, cell adhesion, binding of glyco-
protein in the extracellular matrix, and signal
perception of a number of tyrosine kinase receptors.
In higher plants, important members of RLK family
with extraceliular LRR have been reported for
Xa21 (Song et al,, 1995), ER (Torii et al., 1996),
CLVI (Clark et al., 1997), BR11 (Li et al., 1997),
and HAESA (Jjnn et al., 2000), which play a role in
disease resistance, morphogenes_is, meristem main-
tenancc, brassinosteroid signaling, and organ abscis-
sion, respectively. However, the function of most
LRR kinase members deduced from the genome
analysis in Arabidopsis remains to be investigated.

The activity of the apical meristem is required for
the continuous production of plant bodies after

embryogenesis. To understand the meristematic
function and the underlying molecular mechanisms
in plant development, systematic differential hy-
bridization was conducted to isolate genes that were
expressed in inflorescence shoot apices. Here we
report the cloning and the characterization of a
novel RLK gene, IRK, expressed in apices, and
discuss the intercellular communication and signal
transduction.

Materials and Methods

Plant materials

Arabidopsis thaliana (ecotype Columbia) was
used as the w'ild type strain. The plants were grown
under continuous fluorescent illumination at 22 'C.
For RNA preparation and GUS staining, aerial parts
were harvested from plants grown on soil and roots
were on MS agar plates.

Cloning and sequencing
The genomic clones and cDNA clones were iso-

lated from the Columbia genomic library in Lambda
Fixll, and from the Ler flower CDNA Iibrary in
Lambda ZAPII, respectively. 5' RACE against
Columbia RNA was performed to obtain a full-
length CDNA following the manufacturer's instruc-
tion (Marathon cDNA amplification kit, Clontech,
Palo Alto. CA, U.S.A.). The nucleotide sequences
were determined using aDNA sequencer (AB1373S,
Applied Biosystems, Forstercity, CA, U.S.A.).

Northern blot analysis

Northern blot hybridization using poly(A)' RNA
(2 !lg) was performed as described (Takemura et
al., 1999).

Autophosphorylation assay
For the expression of the kinase domain of IRK,
the region containing the kinase domain of IRK was
obtained by PCR with primers 5'-GGGTCGAC-
GAACCTGATTTCAGCACTGG-3' and 5' - CC-
GCGGCCGCCAAACCGGATTCCTCTTCGC - 3'
which had a Sall and a Notl restriction sites, respec-
tively. The amplified DNA fragment digested with
Sall and Notl was ligated into corresponding clon-
ing sites of pGEX4T-3 (Amersham Pharmacia,
Buckingham. UK). The IRK kinase domain fused to
GST was expressed in E, coli, and purified with
glutathione--Sepharose 4B according to the man-
ufacturer's protocol (Amersham Pharmacia). Two
micrograms of fusion protein was used for the
autophosphorylation assays. The assay mixture con-
tained 50mM Tris-HCI pH 7.5, ImM DTT, 10
mM MnC12, 20 !lM ATP, lOflCi [7 -32P]ATP
(3,000 Ci mmol-]) in a volume of 10,~1. The
mixture was incubated for Ih at 26 'C

.
The reaction

products were resolved by SDS-PAGE and visu-
alized by autoradiography.

Subcellular localization analysis with the GFP
reporter gene
The construct to express the IRK protein fused to
GFP under the control of the CaMV 35S promoter
was generated hy PCR based cloning. Primers 5'-
CCGGTACCACTAGTCCATGGACAAAGCACT-
GATT-3' and 5'-CCGGATCCGGGC.CCAAAC-
TTGAACCCAACTCATCT-- 3' which included an
Ncol and an Apal restriction sites, respectively,

were used for cloning into the pTH2XA vector. In
pTH2XA, five glycine residues were introduced at
the site of junction with GFP (Takemura, unpub-
lished). The construct was introduced into onion
epidermal cells by particle bomberdment as de-
scribed (Nishii et al.

,
2000).

After overnight incubation at 22 'C: jn the dark,
fluorescence was observed by confocal laser mi-



croscopy (,LSM510, ZEISS. Oberkochen, Ger-

many). Plasmolysis was performed by a lO% glyc-
erol treatment.

Ilistochemical GUS assays
The IRK promoter region containing a 2.6 kb
fragment upstream from the initiation codon was
amplified by PCR from genomic DNA template
(ecotype Columbia) with 5' - CCGTCGACCTCCT-
CCATTGACGATAAAC - 3' and 5'-CCGGATC-
CCAGTGCTTTGTACATCTTTCC - 3' 'pnmers
The amplified fragment was digested with BamHI
and Sall, and cloned into pBIIOl,1 (Clontech).

Arabidopsis thaliana (ccotype Columbia) plants

were transformed with thc above construct by the

vacuum infiltration method (Bechtold and Pclletier,
1998). Ten independent transgenic lines wcre ex-
amined in T2 generation and no differences in GUS
expression patterns were detected. Whole--mount

GUS staining was performed at different develop-
menta] stages according to method of the Topping

et al. (1991) modifie,d by the use of a buffer

containing 100mM NaPO~, 10mM EDTA, 0.1~f(,
(v/v) TritonX-100, 0.5 mM K4[Fe(CN)~], 0.5 mM
K:~[Fe(CN)~1 ･ 3H20, and 20% methanol, at pH 7.0.
Incubation times were at least 45 min and at most
overnight, depending on the penetration capacity of

the organ assayed. GUS staining was viewed with a
dark fie,Id stereoscopic microscope (Stemi SV11,

ZEISS). For histochemical analysis, stained samples

were dehydrated sequentially with ethanol, and

embedded in Technovit 7100 resin (Heraeus, Wehr-
heim. Germany) according to the manufacturer's
protocol. GUS staining was observed with a dark
field microscope (Axioscop, ZEISS).

Cornpe titive RT-PCR
Total RNA from different Arabidopsis tissucs
were prepared by using the RNeasy Plant Mini Kit

(Qiagen. Hilden, Germany), then purified by LiCl

precipitation. For the first strand cDNA synthesis,
one microgram of total RNA was used according tc
the manufacturer's protocol (the First strand synthe-

sis kit, Amersham Pharmacia). One-microliter ali-

quots of the 15 ,~1 reaction mixture of CDNA and 1
!1 1of each concentration of DNA competitors were
submitted to PCR. A gradient series from 104 to 10~]
copies of DNA competitors was used for the anal-
ysis. To prevent amplification from contaminating
genomic DNA, 5'- GTTCCCTTCGGTCTTTGA-
rCC- 3' and 5'- GCAAATTCCCGGGTTTCCTG
3' primers, which flank the intron 2 of IRK gene,
wcrc used. The DNA competitor of the IRK gene
was.' designed to amplify a DNA fragment that is
10nger than the endogenous IRK transcript by 160

ll5

bp. The PCR reactions were performed with one
denaturation cycle of 2min at 95 'C and 35 cycles of
30 s at 95 'C , 30 s at 55 'C , and 30 s at 72

'C..

Results

ldentification and isolation of a novel receptor- Iike

kinase gene, IRK, expressed in the inflorescence

apex
To reveal the underlying molecular mechanism of

organ initiation in plant development, 384 genes

were identified by the systematic differential

scrcening for genes expresse.d in shoot apices in

reproductive phase in Arabidopsis (Takemura et a/.,

1999). The nucieotide sequences of all the clones

were determined from thc 5'- ends (Takemura et al. ,
1999). Of these, the clone 3 37 showed a sequence
homology to RLK, which is an important protein for
the perception of intercellular communication sig-

nals in ITlulticellular organisms. We named it IRK
for Inflorescence and Root apices Kinase, based on
its structure arid expresslon specificity as described

later.

To confirm that the differentia] screening of IRK

was successful, northern - blot analysis was per-
formed (Fig. l). Since expression levels were ex-
pected to be low in our strategy, poly(A)~ RNA was_
prepared from various tissues. A single band at 3.8
kb was detected in the RNAs from flowers and
shoot apices containing buds, while no signal was
detected in the RNAS from leaves and stems. The
expression pattern of IRK detected by northern
hybridization analysis indicated that our differential

hybridization worked successfully.

IRK encodes RI.K with LRR
To deduce entire structural information of IRK,

CDNA clones and genomic. clones were isolated.

1 2 3 4

Fig. l Northern - blot analysis of IRK
Poly (A)' RNA was cxtracted from leaves,
stems, shcot apices v~'ith flower primordium

before stage 5of flower deve]opment, and flower
tissues of 5- week- old Arabidopsis. Two micro-
grams of poly(A)f RNA were applied in each
lane. The UBQ5 gene was used as a probc for
loading control. Lane 1; rosette leaves, Iane 2;

stems, Iane 3; shoot apices with flower primor-

dium, Iane 4; flowers.
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Fig. 2 Nucleotide sequence and structural features of IRK
(A) CDNA and deduced amino acid sequences of IRK. The positions of introns are
indicated by arrows. The regions for a possible signal peptide (1 - 20 a,a.), a leucine zipper
motif (2546 a.a.), two spaced cysteine motifs(57- 64, 557- 565 a,a.), and a transmem-
brane domain (605 - 621 a.a.) are underlined. Positively charged amino acid residues for
'positive inside' rule are indicated by open circle. Possible N-glycosylation sites

[NX(S/T)] are indicated by open squares. (B) Schematic diagram of the domain structure
of the IRK protein. SP, signal peptide; L, Ieucine zipper mctif; C, spaced cysteine motif;
TM, transmembrane domain. (C) LRR domain of predicted amino acid sequences of IRK,
The consensus sequence of the LRR in IRK is shown at the bottorn. (D) Comparison of the
kinase dornain of plant receptor- Iike kinases. Alignment of the kinase domains of IRK
and other plant LRR receptor kinases (IRK-like, HAESA, CLV1, BR11, TMK1) is
shown. Residues that are conserved among at least four of the compared sequences are in
white- blanked- Ietters. Invariant amino acids in all kinase domains are indicated as dots.

The alignment was generated by clustalW. Conserved kinase subdomains are indicated as I
to XI.

Since even the longest cDNA clone isolated by
conventional cDNA Iibrary screening was partial
with a 1.8 kbp insert, full length cDNA was synthe-
sized from RNA prepared from flower buds by
using -~'

- RACE. We sequenced the full-length
CDNA of 3.8 kb that matched the estimated tran-
script size by northern analysis. Genomic Southern~-
blot for IRK indicated that IRK is a single copy gene
(data not shown), and the
clones containing the IRK
and sequenced, IRK had

corresponding genomic

gene were also isolated

two introns in the 5'

untranslated

2A)
.

The IRK

reglon

gene

and in the coding

encodes a protein

regron

of 964

(Fig.

ammo
acid residues with a molecular mass of 103 kD (Fig.
2A). A schematic representation of the domain
structure is shown in Fig. 2B. The presence of two
hydrophobic domains was pTedicted by a hydro-
pathy analysis. The first hydrophobic domain in the
N-terminal region is a potential N-terminal signal

sequence, and the site of cleavage is predicted to be
between the 20th and the 2lst amino acid residue by



PSORT program (Nakai and Horton, 1999). The
second hydrophobic domain is a possible transmem-
brane segment that separates the extracellular recep-
tor domain from the cytoplasmic kinase domain.

The transmembrane domain is followed by posi-

tively charged amino acid residues which are as-

sumed to hold the transmembrane segment in an
orientation such that the positive charges remain

inside thc cytoplasm (Andersson, 1994).

The potential signal peptide is followed by a 3-
heptad leucine- zipper motif that might be involved

in the formation of homo- or heterodimers. IRK
contains 2O imperfect repeats of an LRR motif with
24 amino acid residues in the potential extracellular

region. The LRR domain of IRK is flanked by pairs
of spaced cysteine motifs on both sides, which are
often obscrved in adhesive proteins or receptors

(Kobe. and Deisenhofer, 1994). In the LRR of IRK,
leucine and other hydrophobic arnino acid residues

are highly conserved in each repeating unit (Fig.

2C). There are 7 possible target sites for N- Iinked
glycosylation, NX(Sfr), in the potential extracel-

lular region, suggesting that IRK may be a protein
glycosylated in the extracellular region.

Carboxy-terminus of the IRK protein has a
putative serine and threonine-specific protein

kinase domain composed of 11 subdomains (Hanks

and Hunter, 1995). This domain of IRK is mostly
related to the kinase domain of putative plant recep-
tor kinases containing LRRs. The amino acid se-

quenccs of the kinase domain of IRK shared 34%,
35%, 330/0 and 32% amino acid sequence identities
with those of HAESA (Jjnn et al., 2000), CLVl
(Clark et al., 1997). TMKI (Chang et al., 1992), and
BR11 (Li et a/.

,
1997), respectively (Fig. 2D).

Autophosphorylation of the IRK kinase domain
To clarify whether IRK is a functional receptor
kinase, the kinase domain of IRK was expressed in
E. coli, and autophosphorylation assay was per-
formed. We observed a phosphorylated band with
an apparent molecular mass of 59 kD, which

matched the molecular mass of IRK as a GST fusion
protein (Fig. 3). This indicates that IRK is an active
protein kinase with autophosphorylation ar_tivity.

IRK is localized to plasma membrane
The presence of a putative signal peptide and a
transmembrane domain followed by a 'stop transfer'

suggested that the IRK protein translocalizes' to
plasma membrane. To investigate the localization of
the IRK protein in plant cells, we constructed a
plasmid for the transient expression of the IRK
protein fused to GFP (IRK:GFP). The construct was
introduced into onion bulb epidermal cells by

l17

bomberdment (Fig. 4). Fluorescence was only de-

tected in the cell surface regions, no fluorescence

signal was detected in the cytoplasm and nucleus.

We confirmed the plasma membrane localization of
the IRK:GFP protein by plasmolysis (Fig. 4A). The
fluorescence of control GFP was detected in the
nucleus and the cytoplasm by confocal laser micros-

copy (Fig. 4B). The signal peptide and the trans-

membrane domain of IRK constitute a functional
domain for the localization of the IRK protein to the
plasma membrane, This localization feature of IRK
together with the autophosphorylation activity de-

scribed above indicates that IRK is a receptor kinase
with a single membrane spanning configuration.

IRK gene is expressed at the inflorescence and the

root apices

Since the timing and the levels of gene expression

govern cellu[ar development and physiology, we
investigated the expression pattern of IRK in detail.

We analyzed the transgenic plants expressing the
GUS reporter under the control of the IRK promoter
to examine the IRK expression pattern (Jefferson et
al., 1987). Plants in different stages were stained for

GUS (Fig. 5). Several independent transformant
lines were analyzed to deduce common patterns of
expression. GUS staining reporting the activity of
the IRK promoter was analyzed in 6- day-oid seed-
lings (Fig. 5A). In root tissues, the GUS activity

was very strong in the apex (Fig. 5B). The GUS
staining was also detected in the lateral root primor-

dium and newly emerging lateral root apiccs (Fig,

5C). Such GUS stainings in roots were always
observed during plant gro~vth. In 12-day-old
plants, the IRK gene expression was also detected
weakly in the vascular tissue of leaves after longer

incubation (Fig. 5D),

In the reproductive phase, the expression patterns

of the [RK gene in inflorescence, shoot apical

1 2 kD

~ 45
****~",~~~"~"~"**

Fig. 3 Autophosphorylation assay of the IRK kinase
domain expressed in E. coli

The kinase domain fused to GST (59 kD) was
examined for autophosphorylation. The numbers

on the right side of lane 2indicate the sizes of the
protein makers. SDS- PACJE (lane 1), and auto-
radiography (lane 2)
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meristem and floral bud tissues were analyzed in
detail by sectioning. The GUS expression was
detected in shoot apical tissues, carpel primordium
and sepals (Fig. 5E), and in the carpels and the

sepals of immature flowers (Fig. 5F). The GUS
expression was detected in flower cluster (Fig. 5G).
In filament tissues, the GUS activity appeared in
elongated filaments (stage 14) of flower devel-

opment (Smyth et al., 1990), but not in unelongated
filamcnts (stage 11) (Fig. 5H). The expression of

GUS was also observed in immature seeds (Fig. 51).
No GUS staining was detected in stems or in
cauline leaves.

To confirm the endogenous cxpression pattern of
IRK, we performed a competitive RT- PCR (cRT-
PCR) as a quantitative RNA analysis (Fig. 6A). In
all the stages we examined, mRNA Ievels of IRK
gene were low in the rosette leaves and in the stems.
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toot I~stem []shoat apex
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Competitive RT- PCR analysis of IRK mRNA
expression in plant development(A) Gel images

of the competitive PCR products. Bands at 500
bp and 340 bp are derived from competitor DNA
and IRK mRNA, respectively. The copy numbers
of the competitors in each reaction tube are

shown at the top of the sequential gel images.

Each RNA sample used in reverse transcription
reactions was purified from plants on days 6, 12,

20 and 38 after germination. Note that sample
from shoot apex on day 6includes cotyledon and
shoot apical meristem (B) Relative expression

levels of the IRK mRNA.11

On the contrary, expression of IRK was relatively
high in the inflorescence apex and in the root. In
shoot apical tissues including flower buds on days
12, 20 and 38 after germination, the [RK expression
leve]s were gradually increased (Fig. 6B). The high
expression of IRK in siliques reflected the GUS
staining in the seeds. The expression levels of IRK
were increased as reproductive growth proceeded.

The gain of the IRK expression levels in the repro-
ductive phase suggests that IRK may have addi-
tiona] functions in the reproductive growth.

In roots, the CRT-PCR analysis shows that the
abundance of the IRK mRNA decreased as plants
grew (Fig. 6B). The result of CRT-PCR analysis
apparently seemed to be inconsistent with the con-
stant expression of GUS in root tips. Taking into
account the fact that the proportion of root tips in

root samples decreased during growth, however, the

time-dependent reduction of the IRK expression
levels in the cRT- PCR analysis was reasonable.

Discussion

Intercellular communication mediated by cell
surface RLK is generally important for plant devel-
opment. By a differential screening of genes ex-
pressed in shoot apices during the reproductive

phase in Arabidopsis, in this study, we isolated and
characterized a gene for a novel RLK. IRK, encod-
ing a putative signal sequence, a characteristic

extracellular dornain, a transmembrane domain, and

a kinase domain. We demonstrate that IRK has an
autophosphorylation activity in the kinase domain
and that it is localized to the plasma membrane. A
characteristic feature of IRK is that it contains an
LRR motif in the extracellular receptor domain. The
LRR motif is expected to be involved in protein--
protein interaction. In particular, LRR with a cys-
teine motif is known to be related to signal percep-
tion and cell adhesion (Kobe and Deisenhofer,
1994). For c.xample, human LH-CG receptor for
luteinizing hormone and chorionic gonadotropin
recognition (Braun et al., 1991), as well as Trk for

nerve growth factor, are involved in signal trans-
duction pathways of peptide hormoDes (Naka-

gawara, 2001), while connectin mediates cell-cell

adhesion in vitro (Raghavan and White, 1997).
Since these flanking c)'steine motifs are also found
in the LRR domain of IRK, IRK may be involved in
ceil-to--cell communication through the receptor
domain containing LRR.
RLKS with the LRR motif show versatile func-
tions in plant development. In Arabidopsis, 174

members of RLKS containing LRR are encoded in
the genome, while the only a limited number of
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genes have been characterized so far: CI.AVATA1,

ERECTA and HAESA for developmental processes,
I!LS2 in transducing pathogen signals, and BRI for

brassinosteroid signaling pathway, etc. Generally,

the LRR domain is composed of conserved and
variable amino acid residues in each repeat. The

sequence variations within LRR affect the speci-
ficity of ligand binding (Braun et al.

,
1991). Various

functions of RLKS are parthy due to different ligand
specificity. In LRR-containing RLKS Of plants,
only a few examples of ligand molecules which

interact with receptor have been reported; c,g.

CLV3 for CLVI (Trotochaud et al.. 1999) and flg22
for FLS2 (Gomez- Gomez et al., 2001). Since our
knowledge on the combinations between ligands

and receptors is limited, individual studies on RLKS
are required. Ligand screening for the IRK using thc
isolated gene remains to be performed.

The spatial and temporal patterns as well as the

levels of gene expression have a profound relation

with the function of the protein encoded. The IRK

gene is shown to express in root apex and inflores-

cence by the promoter-- GUS and CRT-PCR anal-
yses. Since auxin plays a critical role in root

deve,]opment and cell elongation (Doerner, 2000),

we examined the effect of auxin treatment on the

[RK gene expression. No induction of the IRK
expression, however, was observed within 2h after
auxin treatment (data not shown). So far, we could

not find any condition affecting the IRK expression
exogenously; IRK might have an autonomous role
in root development. The expression of IRK was_
detected in root tips, immature seeds, and vascular

tissues. Similar expression patterns have been prc-

viously reported in CycA2,･1 (Burssens et al., 2000)

and cyclAt (Ferreira et al., 1_994), which are asso-
ciated with the cell cycle, their expression tending

to be present in mitotically active tissues. How'ever,

the IRK gene was not expressed necessarily in

mitotic cells only, but also in tissues with low

mitotic activity such as elongated filaments. This

sugge.sts that IRK has a tissue-specific function
rather than a general function in cell division,

Analysis of loss-of-function mutants is very

powerful to identify the role in plant development.

Although knock-out mutants with T-DNA inser-
tions in the LRR domain of IRK have been iden-
tified, they did not show an~ significant phenotype

in roots and inflorescences (Kanamoto et al. , unpub-

lished results), This indicates either that the function

of lRK is not essential or that IRK is functionally
redundant with other ge,nes. We discovered that
there is a gene that is highly homologous to IRK
(T48210) in the Arabidopsis genome by a BLAST
search. The value of the identity between IRK and

the IRK homologue was 68% in the kinase domains
and 51% in the receptor domains at amino acid

sequence level (Fig. 2D). IRK encodes a protein

which contains 964 amino acid residues, while the

IRK homologue protein contains 967 amino acid
residues. The presencc of an intron at exactly the

same position in IRK and the IRK homologue indi-

cates that they may have evolved by gene dupli-
cation. Consideration of the redundancy in the RLK
gene family would be needed for functional anal-

ysis.

Many RLK genes are supposedly involved in
various physiological and developmental processes
in higher plants. However, identified examples of

signal transduction mediated by RLKS are limited.
Systematic but well- focused approaches to uncover
the functions af RLKS are desirable in functional
genomics. The functional differences between

RLKS must be determined by the combinations of
three factors including ligand binding specificity,

target protein for phosphorylation, and expression

pattem of individual genes. Here we have shown
that the expression of IRK is rcgulated in a tissue-
dependent manner, suggesting that the function of

IRK might be related to organ initiation or devel-

opment. Further investigation of ligand or target

molecuies of IRK, as well as a phenotypic analysis

with sophisticated constructs_ such as dominant-

negative or constitutively active gene designs_

(Chang et al., 1994) should reveal the function of

IRK. The molecular cloning and the initial charac-

terization of IRK described here provides an essen-
tial basis to analyze fundamental signaling

pathways in plants.
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