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Summary

In the Arabidopsis shoot apical meristem, an organiz-
ing center signals in a non-cell-autonomous manner
to specify the overlying stem cells [1, 2]. Stem cells
express the small, secreted protein CLAVATA3 (CLV3;
[3]) that activates the CLV1-CLV2 receptor complex,
which negatively controls the size of the organizing
center [4-6]. Consistently, CLV3 overexpression re-
stricts shoot meristem size [6]. The root meristem also
contains a stem cell organizer, and here we show that
localized overexpressionin roots of CLE19, encoding a
CLV3 homolog, restricts the size of the root meristem.
This suggests that CLE19 acts by overactivating an
endogenous CLV-like pathway involved in root meri-
stem maintenance. Surprisingly, CLE19 restricts meri-
stem size without directly interfering with organizer
and stem cell specification. We isolated mutations in
two loci, SOL1 and SOL2, which suppress the CLE19
overexpression phenotype. sol2 plants display floral
phenotypes reminiscent of clv weak alleles; these phe-
notypes suggest that components of a CLV pathway
are shared in roots and shoots. SOL1 encodes a puta-
tive Zn,,-carboxypeptidase, which may be involved in
ligand processing.

Results and Discussion

In the Arabidopsis root meristem, the stem cells or ini-
tials surround a group of mitotically less active cells, the
quiescent center (QC) [7]. Laser ablation experiments
suggested that the QC inhibits the differentiation of sur-
rounding stem cells by short-range non-cell-autono-
mous signals [8]. Consistently, the putative transcription
factors SCR and SHR, which are involved in the specifi-
cation of the QC, are required to maintain stem cell fate
in the immediately surrounding cells [9]. Daughters of
stem cells no longer touch the QC, and they differentiate
according to positional cues [10]. Since the stem cell
organizing capacity of the QC in roots seems equivalent
to the role of the stem cell organizer in the SAM, we
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investigated whether a CLV-like pathway might operate
in roots to control root meristem maintenance.

Overexpression of CLE19 in Root Meristems

Affects Root Meristem Maintenance

CLE19 is a small potentially secreted protein belonging
to the CLE family, of which CLV3 is the founding member
[11]. CLE19 expression has been reported in leaves,
flowers, siliques, and pollen [12], and by using Reverse
Transcriptase (RT)-PCR, we could detect low levels of
the CLE19 transcript in seedling roots (Figure 1B, WT).
Ectopic expression of the Brassica napus CLE19 or-
tholog LIGAND LIKE PROTEIN1 (BnLLP1) under the
35S8CaMV promoter causes root meristem termination,
among other phenotypes, in Arabidopsis (C.-M.L., un-
published data). Recently, it has been reported that high
levels of CLV3 and CLE40 also reduce root meristem
activity, while clv3 and cle40 mutants have no root meri-
stem maintenance phenotype [13, 14]. Thus, the root
meristem responds to overexpression of several CLE
proteins, indicating that either a promiscuous CLV re-
sponse pathway is present in the root or that CLE ex-
pression in other regions of the plant indirectly causes
root meristem reduction.

To address whether CLE expression specifically in
the root meristem can induce the reduction of root size,
we expressed the Arabidopsis CLE19 under the control
of the RCH1 promoter, which confers high and specific
expression in the root meristem (Figure 1F). The BnLLP1
cDNA is smaller than the predicted CLE19 (C.-M.L., un-
published results; [11]); thus, we used the CLE19 coding
sequence starting at the second methionine, which cor-
responds to the BnLLP1 cDNA region. We used the
GAL4VP16-UAS (upstream activating sequence) trans-
activation system, whereby the RCH1 promoter drives
expression of GAL4VP16, which in turn promotes the
transcription of ERGFP by binding to its UAS promoter
element (RCH1::GAL4VP16 UAS::ER-GFP construct, re-
named RCH1-ERGFP). CLE19 under the control of the
UAS element was then cloned into this vector, resulting
in RCH1::GAL4VP16 UAS:ER-GFP UAS:CLE19, re-
named RCH1-CLE19 hereafter for simplicity (Figure 1A).
Arabidopsis plants of ecotype Utr were transformed with
the RCH1-CLE19 vector, and transgenic plants were
selected for root GFP expression.

A total of 23 independent lines carrying the transgene
showed similar “short root” phenotypes. The initial T2
lines tested carried multiple copies of the transgene,
and we selected a homozygous, single insertion RCH1-
CLE19 transgenic line in the T3 (“RCH1-CLE19 trans-
genic plants” always refers to this single insertion line
hereafter). While the CLE19 transcript is present at high
levels in seedling roots of RCH1-CLE19 transgenic
plants (Figure 1B, RCH1-CLE19), overexpression of
CLE19 in the root meristem causes progressive loss of
meristematic cells in a dose-dependent manner. Hemi-
zygous plants, which were distinguished by lower GFP
expression in the root meristem, behave as wild-type



Current Biology

1436

A B
RCH1-CLE19

RB Nos T ouas T RGHI T s

Mm W (wceesen- L B, Ghisveie [ Gists .~°

(WT) roots, while homozygous RCH1-CLE19 transgenic
plants have short roots with high GFP expression (Fig-
ures 1C). These phenotypes indicate that two doses of
RCH1-CLE19 are required to affect root growth in this
line. This transgenic line with dose-dependent behavior,
adesirable trait for subsequent suppressor analysis (see
below), did not seem atypical because independent
transgenic lines showed a very similar root meristem
phenotype (data not shown) and hemizygous primary
transformants with short roots showed a marked ten-
dency for multicopy insertions.

Homozygous RCH1-CLE19 roots progressively lose
cells in the meristematic zone (Figures 1E and 1G), and
this loss is also indicated by the formation of root hairs
closer to the root tip. In many cases, the root meristem
is eventually consumed, while this never happens in
control roots (Figures 1D, 1F, and 1J). To substantiate
that the phenotype of RCH1-CLE19 roots was due to the
overexpression of CLE19 protein, we replaced codon 3
of CLE19 in the RCH1-CLE19 construct with a stop co-
don, creating the RCH1-CLE19stop vector. Independent
plants transformed with this vector all have aWT appear-
ance (data not shown). We concluded that the CLV3
homolog CLE19 induces differentiation or represses cell
division of meristematic cells when overexpressed in
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Figure 1. Overexpression of CLE19 in the
Root Meristem Reduces Meristem Size with-
out Affecting QC Specification and Stem Cell
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(A) The RCH1-CLE19 construct (promoters in
green; coding regions in orange).

(B) RT-PCR using total RNA from shoots (S,
hypocotyl, cotyledons, and SAM) and roots
(R) of 6-day-old WT and RCH1-CLE19 trans-
genic seedlings. Specific primers for CLE19
(upper panels) and ACTINS (lower panel) were
used. The numbers in between the brackets
indicate the cycle numbers per reaction.

(C) One-week-old seedling roots viewed un-
der a GFP binocular. From left to right: WT,
hemizygous RCH1-CLE19, and homozygous
RCH1-CLE19.

(D and E) Nomarski images showing the root
meristem boundary (arrowhead) of a 4-day-
old WT and an RCH1-CLE19 transgenic root.
(F and G) Confocal images showing the root
meristem boundary (arrowhead) of 1-week-
old RCH1-ERGFP and RCH1-CLE19 trans-
genic roots.

(H and 1) Double labeling of QC and differenti-
ated columella cells visualized by the QC25
marker and amyloplast staining in 1-week-
old WT and RCH1-CLE19 transgenic roots.
The columella initials (arrow) do not show
signs of differentiation.

(J) The QC25 marker is no longer expressed
in a 14-day-old, terminated RCH71-CLE19
transgenic root.

(K-M) Nomarski images reveal the root meri-
stem boundary (arrowhead) in 6-day-old
roots from homozygous RCH1-CLE19, dou-
ble homozygous RCH1-CLE19 shr-1, and ho-
mozygous shr-1 seedlings.

roots. The observed reduction of root meristem size is
consistent with the hypothesis that CLE19 and likely
other CLE family members locally activate endogenous
CLV-like receptors involved in root meristem mainte-
nance, although we cannot exclude at this point that
other signaling pathways are activated by CLE protein
overexpression in the root.

Overexpression of CLE19 Does Not Primarily

Affect QC and Stem Cell Identity

A failure in root meristem maintenance can be caused
by the loss of stem cell maintenance, by lack of QC
activity or specification [8, 9], or by loss of division po-
tential and/or more rapid differentiation of stem cell
daughters. In the first case, primary defects in the QC
region would be expected, while in the second case,
meristem size would decrease before QC and stem cells
show defects.

To assess whether QC specification and stem cell
maintenance are rapidly affected in RCH1-CLE19 trans-
genic plants, we introduced QC markers QC25 and
QC184 [15] into these plants (Figures 11 and 1J; data
not shown). RCH1-CLE19 transgenic roots still express
these markers 1 week after germination, when root meri-
stem size is already significantly reduced compared to
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WT (Figures 1H and 11), and only upon complete differen-
tiation of root meristem cells do they disappear (Figure
1J). One week after germination, no starch granules that
mark differentiated columella cells could be detected in
the columella stem cells of 73% (n = 26) of the RCH1-
CLE19 transgenic seedlings analyzed (Figures 1H and
11, arrow), suggesting that stem cell status is maintained
for a prolonged period.

The expression of both QC markers together with the
maintenance of columella stem cells in RCH1-CLE19
transgenic seedlings, at a stage when meristem size is
already significantly decreased, indicates that overex-
pression of CLE19 in the root meristem reduces meri-
stem size without primarily interfering with QC specifica-
tion and/or stem cell maintenance.

The CLE19-Induced Pathway Is Independent

of SHR and SCR

In short root (shr) and scarecrow (scr) mutants, root
growth ceases prematurely, as observed in RCH1-
CLE19 transgenic plants (Figures 1K and 1M; [16, 17]).
SHR and SCR are both members of the GRAS family of
putative transcription factors, and they are required for
QC specification and stem cell maintenance [9, 18, 19].
In scr and shr mutants, the QC25 marker is never ex-
pressed and the columella initials differentiate [9]. Our
observation that QC and stem cells are not primarily
affected in RCH1-CLE19 transgenic roots suggests that
CLE19 interferes with meristem size independently or
downstream of SHR and SCR.

To investigate whether CLE19 interferes downstream
of SHR and SCR, we introduced RCH1-CLE19 in shr-1
and scr-1 mutants. RCH1-CLE19 shr-1 double homozy-
gotes show additive phenotypes; the reduction in root
meristem size occurs faster than in either single homo-
zygote, as seen by the decreased number of meriste-
matic cells (Figures 1K-1M, arrowhead) and the closer
proximity of root hairs to the tip. As a measure for meri-
stem size, we counted the number of cortex cells in a
single file extending from the QC up to the first rapidly
elongated cell of 6-day-old seedlings. RCH1-CLE19
shr-1 contains an average of 1.8 = 1.5 (n = 9) cortex
cells per file in the meristem, while RCH71-CLE19 con-
tains 6.8 = 0.4 (n = 4) and shr-1 possesses 6.3 = 0.4
(n = 5). Similar results were observed in RCH1-CLE19
scr-1 double homozygotes (data not shown). Our data
suggest that CLE19 acts independently of SHR and
SCR; this finding is in line with the notion that CLE19
does not primarily interfere with the identity of the orga-
nizer and its activity in maintaining the surrounding stem
cells. Rather, CLE19 seems to modulate the activity of
the stem cell daughters that populate the meristem. This
contrasts with the CLV pathway control of meristem
size that is required for maintenance of stem cells by
transcriptional repression of the putative homeodomain
transcription factor WUSCHEL (WUS) in the organizing
center of the SAM [1, 2]. Perhaps this mechanistic differ-
ence reflects that SAM stem cells are regulated as a
population; root meristem stem cells are regulated at
the single cell level, while the division potential of their
daughters, i.e., root meristem size, is regulated at the
population level.

Mutagenesis Screen for Suppressors

of RCH1-CLE19

To find molecular components involved in the root meri-
stem maintenance defect caused by overexpression of
CLE19, an ethylmethane sulfonate (EMS) mutagenesis
was performed in the RCH1-CLE19 background to iden-
tify suppressors. A total of 8,100 mutagenized RCH1-
CLE19 MO seeds were divided into 10 pools, and a
minimum of 11,000 M2 seedlings were screened per
pool for recovery of root length with high GFP (Figure
2A, arrow). Putative mutants were checked in the M3
generation for resegregation of the suppressor pheno-
type and were put in complementation groups by pair-
wise crossing. All recessive mutations that suppressed
RCH1-CLE19 resided at two novel loci and were named
suppressor of LLP1 1 and 2 (sol1 and so/2). Four inde-
pendent sol1 alleles and two independent sol2 alleles
were obtained. We crossed all RCH1-CLE19 sol1 and
RCH1-CLE19 sol2 alleles to RCH1-CLE19, and in both
crosses, the F1 plants had short roots, indicating that
RCH1-CLE19 is still fully active in the suppressor back-
ground.

Both RCH1-CLE19 sol1 and RCH1-CLE19 sol2 com-
pletely suppress the root length and meristem defect
seen in the RCH1-CLE19 transgenic plants up to 1 week
after germination, and RCH1-CLE19 sol1 alleles main-
tain complete suppression (Figures 2B-2E, arrowheads,
Figures 2F and 2G). In contrast, roots of both RCH1-
CLE19 sol2 alleles become shorter than WT 15 days
postgermination (dpg), indicating loss of suppression
(Figure 2F). We measured meristem size as before, and
we observed no significant difference among RCH1-
CLE19 sol1 alleles and WT; however, all RCH1-CLE19
sol2 alleles contain less meristem cells at 15 dpg (Figure
2G). These results suggest that RCH1-CLE19 sol2 alleles
are not complete suppressors of RCH1-CLE19.

Homozygous sol1-3 and sol2-1 alleles without the
RCH1-CLE19 construct did not show any differences in
root length or in meristem size compared to control
plants (data not shown) and hence conferred no root
phenotype on their own.

sol2 Flowers Have Extra Carpels, Reminiscent

of clv Mutant Defects

Terminal RCH1-CLE19 sol2 flowers occasionally accu-
mulate a central mass of carpeloid filaments with stig-
matic tissue (Figure 3A), which may be accompanied by
fasciation of the main stem (data not shown). Closer
inspection revealed that 45% of early RCH1-CLE19
sol2-2 flowers and 15% of RCH1-CLE19 sol2-1 flowers
contain extra carpels in the last whorl. The floral pheno-
types of RCH1-CLE19 sol2 cosegregated with the sup-
pression phenotype (see the Supplemental Data avail-
able with this article online). SOL2 was mapped to a
region on the bottom arm of chromosome Il (data not
shown).

When the RCH1-CLE19 sol2-1 allele was crossed to
the Landsberg-er (L-er) ecotype for mapping purposes,
we noticed that the penetrance of the floral phenotypes
was higher in the F2 plants homozygous for RCH1-
CLE19 sol2-1. Up to 80% of RCH1-CLE19 sol2-1 flowers
in L-er hybrids possessed extra carpels in the last whorl
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Figure 2. The sol1 and so/2 Mutants Suppress RCH1-CLE19-Induced Reduction of Root Meristem Size
(A) A suppressor mutant (arrow) has a long root with high GFP expression among RCH1-CLE19 transgenic seedlings possessing short roots

with high GFP.

(B-E) Nomarski images showing the root meristem boundary (arrowhead) of 1-week-old WT, RCH1-CLE19, RCH1-CLE19 sol1, and RCH1-

CLE19 sol2 roots, respectively.

(F and G) Root length (in mm) and root meristem cell number of WT, RCH1-CLE19, and the different RCH1-CLE19 sol1 and RCH1-CLE19 sol2
alleles. For root length, a minimum of 16 roots were measured per line, while 10 roots per line were used to determine the root meristem cell
number for each time point (see the Supplemental Data). The bars indicate the standard deviation of the mean.

(3.4 = 0.8 carpels per flower), which was never observed
for RCH1-CLE19 flowers in L-er hybrids (2 = 0 carpels
per flower; Figures 3C-3E). In addition, we again ob-
served accumulation of carpeloid organs in some termi-
nal flowers (Figure 3B). The higher penetrance of the
RCH1-CLE19 sol2 floral phenotype in a mixed back-
ground was not due to the er mutation, since er is linked

Figure 3. sol2 Mutants Alter Flower Development

to the RCH1-CLE19 insertion and hence counterse-
lected for (data not shown). In so/2-1 outcrossed to Col-0
homozygotes without the RCH7-CLE19 construct, 34%
of the flowers had extra carpels in the last whorl, indicat-
ing that the floral phenotype is not dependent on CLE19
overexpression.

The presence of extra carpels in the fourth whorl of

Number of Floral Organs
BRGHTCLETS
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(A) Accumulation of carpeloid organs in terminal flowers of RCH71-CLE19 sol2-1 transgenic plants.

(B) Accumulation of carpeloid organs in terminal flowers of homozygous RCH1-CLE19 sol2 F2 plants after outcrossing to L-er.

(C and D) Carpels of homozygous RCH1-CLE19 and RCH1-CLE19 sol2 F2 plants after outcrossing to L-er.

(E) Average number of floral organs in each whorl of RCH1-CLE19 and RCH1-CLE19 sol2-1 F2 plants after outcrossing to L-er. Only the first
ten flowers of any given plant were analyzed. The mean value and standard deviation of the mean of indicated floral organs is depicted. A
total of 60 flowers from 6 RCH1-CLE19 transgenic plants and 120 flowers from 12 RCH71-CLE19 sol2-1 plants of the L-er hybrids were counted

for each mean calculated.
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sol2 flowers suggests that stem cells may accumulate
in the flower meristem of these mutants, as observed
in clv mutants. This observation is consistent with the
hypothesis that sol2 is affected in a CLV-type signaling
pathway.

SOL1 Encodes a Putative Zn?>*-Carboxypeptidase

To investigate the molecular basis of the so/7 mutations,
we isolated the affected gene by map-based cloning.
sol1 mapped to a single locus on chromosome 1 be-
tween markers nga128 and ngali1 (Figure 4A). Fine
mapping located the gene in between bp 92082 of BAC
F5H11 and bp 10734 of BAC F17M19 (Figure 4B).

Locus At1g71696 in this region was predicted to en-
code a putative carboxypeptidase, and we analyzed this
locus since the carboxypeptidase BRS1 had been linked
to brassinolide signaling through the LRR-RLK BRI1
[20]. With the corresponding WT as control, we detected
different mutations in the At1g71696 gene for all four
sol1 alleles (Figure 4C).

We concluded that SOL 1 encodes a single-copy puta-
tive regulatory Zn**-carboxypeptidase showing high ho-
mology to conserved domains of animal carboxypepti-
dase D [21] and carboxypeptidase E (Figure 4E). SOL1
contains all the conserved residues present in these
proteins: the triad H, E, H involved in Zn?*" binding, the
Rand Y involved in substrate binding, and the E involved
in catalytic activity (Figures 4D and 4E, asterisks,
squares, and circles, respectively). SOL1 is predicted
to be a transmembrane protein with a small cytoplasmic
tail (Figure 4D).

Four different SOL71 cDNA variants (AJ555408,
AJ555409, AJ555410, and AJ555411, Supplemental
Data), which are the result of alternative splicing after
exons 3 and 12, were detected in WT. Preliminary evi-
dence suggests other splicing variants for either the WT
and/or the sol/1 mutant alleles.

All mutations in sol7 alleles are single base pair substi-
tutions (Figure 4C). In sol1-1, the mutation is in an exon-
intron boundary between exons 8 and 9 and yields either
an unspliced variant predicted to result in a translational
stop or an AA substitution in a conserved residue (G to
S in AA 236; Supplemental Data). In so/7-3, the mutation
is in the first exon-intron boundary and leads to multiple
splicing variants that are all predicted to yield an early
translational stop (Supplemental Data). so/71-4 is pre-
dicted to yield an amino acid substitution in a conserved
residue (G to D in amino acid 298), and in sol1-2, the
mutation is predicted to result in a translational stop
after 148 amino acids (Supplemental Data).

We isolated RNA from roots, shoots, leaves, flowers,
siliques, and whole seedlings and performed Reverse
Transcriptase (RT)-PCR reactions and detected two
SOL1 WT bands in all these tissues (Figure 4F). RT-PCR
for sol1 alleles showed that novel splicing variants are
formed in sol71-1 and sol7-3, consistent with the location
of mutations in exon-intron boundaries (Figure 4F).

SOL1-homologous animal CPD and CPE have been
shown to cleave terminal R and K residues and are
involved in neuropeptide and prohormone processing
[22]. It can be envisaged that SOL1 processes inactive
CLE peptides with terminal R and K residues to a bioac-

tive form. Among Arabidopsis CLE members, there are
different possible targets for SOL1 activity: terminal R
or K residues after the CLE box (e.g., CLE19), internal
R or K residues in the CLE proteins, or a conserved R
in the CLE box of all CLE members [11]. The latter two
classes of internal residues might be used for a two-
step activation process, as described for animal neuro-
peptides [22]. Biochemical activity assays with SOL1
protein will be required to test this model.

It is noteworthy that so/7 mutants without the RCH1-
CLE19 construct do not affect root growth. Currently, it
is not certain whether any of the four sol7 alleles is a
null. For example, alternative splicing variants encoding
proteins with residual activity could exist. In addition,
alternative translational starts could be used, as the
predicted SOL1 protein contains two methionine co-
dons before the conserved residues but after the signal
peptide (Figure 4D). Thus, there may be residual SOL1
carboxypeptidase activity, which could either process
an endogenous ligand more efficiently than CLE19 or
could process enough of an endogenous ligand with
higher affinity to its receptor than CLE19. Such scenarios
would explain why sol7 has no clv-like phenotypes. We
call to mind that RCH71-CLE19 is dose dependent and
that reduction of activity by 50% is sufficient to eliminate
its ectopic activity. In comparison, flower phenotypes
in clv3 mutants are recessive or very slightly semidomi-
nant, indicating that their activity has to be reduced by
more than 50% for obvious phenotypic consequences
[14]. Another explanation for the lack of clv phenotypes
may be redundancy with BRS1, whose overexpression
can suppress bri1 extracellular domain mutants. BRS1
has homology to yeast Kex1p and has also been pro-
posed to act in ligand processing in the brassinosteroid
signal transduction pathway [20]. Kex1p cuts the
C-terminal amino acid from signaling peptide intermedi-
ates [23]. Thus, it is possible that even though BRS1
and SOL1 belong to structurally different classes of car-
boxypeptidases, they might be redundant at the func-
tional level.

We present here three lines of evidence suggesting
that a CLV-like pathway is involved in root meristem
maintenance. First, overexpression of CLE19 specifi-
cally in the root meristem causes defective root meri-
stem maintenance, analogous (albeit mechanistically
different) to the defective meristem maintenance con-
veyed by overexpression of CLV3 [6]. High levels of
expression of CLV3 or CLE40 also reduce root meristem
activity, suggesting that all these ligands are able to
overactivate an endogenous CLV-like pathway [13].
Second, so/2 contains extra carpels in the fourth whorl,
reminiscent of the phenotypes of weak clv alleles (like
clv1-7; [24]) and suggesting that CLV components may
be shared between roots and shoots. Third, SOL7 en-
codes a candidate processing enzyme for CLE-type li-
gands.

In Arabidopsis, there are more than 400 receptor-like
kinases (RLK), but only in very few cases has a function
been identified [25]. For the well-characterized clv1 mu-
tants, it has recently been reported that strong and inter-
mediate alleles are dominant negative, while null mu-
tants show only weak phenotypes. These findings
suggest a possible role for other receptor(s) in the same
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Figure 4. SOL1 Encodes a Putative Zn2?*-
Carboxypeptidase
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(B) sol1 is located between BACs F15H11 and
F17M19. The position and number of recom-
binants (in parenthesis) with the closest
markers are shown below the corresponding
BACs.

(C) Structure of SOL1: the white boxes repre-
sent exons (5’ and 3’ UTR not included). Nu-
cleotide sequence changes are depicted for
each allele.

(D) The SOL1 protein sequence from splicing
variant AJ555408 that corresponds to the lon-
gest predicted protein. The predicted signal
peptide cleavage site is marked with an ar-
rowhead, and the putative transmembrane
domain is underlined. The carboxypeptidase
conserved residues are depicted as follows:
the triad H, E, H involved in Zn*" binding is
depicted with an asterisk, the R and Y in-
volved in substrate binding are depicted with
a square, and the E responsible for the cata-
lytic activity is depicted with a circle.

(E) Alignment of the carboxypeptidase con-
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CPDI-A.platyrhynchos

served region from SOL1, Oriza sativa, the
first and second domains of Anas platy-
rhynchos Carboxypeptidase D (CPD), and
Homo sapiens Carboxypeptidase E (CPE).
The conserved residues crucial for carboxy-
peptidase activity are depicted as in (D).

(F) RT-PCR reaction using total RNA from
roots, shoots, leaves, flowers, siliques, and
whole seedlings for WT plants and whole
seedlings for sol1 alleles. Specific primers for
SOL1 (32 cycles, upper panel) and ACTINS
(23 cycles, lower panel) were used. For a de-
scription of splicing variants, see the Supple-
mental Data.

process [26]. Cloning of sol2 will clarify if it encodes a
root CLV1-type receptor. Itis of note that our suppressor
screen yielded several as yet uncharacterized mutants
with unusual segregation ratios, and it can now be tested
whether they represent dominant-negative alleles. In a

reverse genetic approach, we identified CLV1-like re-
ceptors specifically expressed in the root meristem, but
loss-of-function mutations in these genes revealed no
phenotype, not even in double mutant combinations
(data not shown). These results indicate redundancy
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among LRR-RLKs in roots, and more investigation will
be required to identify the critical receptors in a root
CLV pathway.

Supplemental Data

Supplemental Data including the Experimental Procedures and a
description of SOL1 splicing variants in wild-type and so/7 mutants
are available at http://www.current-biology.com/cgi/content/full/
13/16/1435/DC1/.
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