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Abstract
CLAVATA pathway is one of best‑characterized signaling pathway involves in the 

regulation of meristem development in Arabidopsis. Increasing evidence indicated that 
this pathway also exist in the monocots as well as in the dicots. We have recently identi-
fied FON4 in rice as an ortholog of CLV3 in Arabidopsis. FON4 is putative ligand of 
FON1, which play a role in restricting the meristem size in rice. FON4 and CLV3 are 
the members of CLE gene family, which encode small functional secreted peptide with a 
conserved 14‑amino acid motif (CLE motif) near or at the C termini.

The meristems in angiosperms have the extraordinary capacity to produce new lateral 
organs, however, the stem cell, a small group undifferentiated cells in the central area of 
meristem have the ability to grow and divide to replace cells consumed in organ initiations. 
The balance of meristem maintenances and differentiations in plants is precisely regulated 
by some cell‑to‑cell communications.1

A putative peptide ligand, CLVATA3 (CLV3), of Arabidopsis thaliana interacts with a 
disulphide‑linked CLV1/CLV2 receptor complex to restrict the stem cell population in a 
appropriate size in shoot apical meristem (SAM).2 Mutations in any of the three CLV locus 
result in over‑proliferation of meristem.3‑5 By contrast, a homeodomain transcription 
factor gene, WUSCHEL(WUS), is a positive regulator in maintaining the meristem, and 
the wus mutant has the opposite phenotype of clv.6 And the WUS expression was down-
regulated by the CLV3,7 and the CLV3 was upregulated by the WUS.8 This feedback loop 
plays a central role in insuring the balance of SAM maintenances and differentiations.

Some evidence indicated that a CLAVATA‑like pathway for regulating SAM size is 
functionally conserved in monocots as well as in dicots. Two maize genes, fea2 and td1, 
encoded the putative orthologs of CLV2 and CLV1, respectively, and play the roles to 
restrict the meristem size during maize development.9,10 Further evidence comes from 
the identification and characterization of FON1 in rice, which is the putative ortholog of 
CLV1. Mutation in FON1 caused enlargement floral meristem and increase floral organ 
numbers.11 But the ligand participating in this pathway remains unknown in monocots.

We have recently reported the characterization of the rice mutant floral organ number 
4 (fon4). The fon4 mutants produced abnormal enlargement of the SAM, inflorescence 
meristem and floral meristem, and resulted in thick culms and increase of both primary 
rachis branches and floral organs.12 The defect of floral development of fon4 is very similar 
to that of fon1 suggest that FON1 and FON4 may participate in same pathway.11 Using 
map‑based cloning approach, we have identified the FON4 gene. The FON4 encoded a 
putative secreted peptide as an ortholog of CLV3. In Arabidopsis, CLV3 is predicted to 
act as a ligand for the CLV1 receptor kinase.2 Therefore, we speculated that FON4 may 
play as a ligand for FON1 in the regulation of meristem development in rice. Although 
FON1 is expressed in all meristems responsible for development of the aerial part of rice, 
the vegetative and inflorescence meristem almost normal in fon1 mutant,11 suggested 
that FON1 is probably not the only receptor of FON4. We treated fon1 mutant with 
50µm a synthetic 14‑amino acid peptide, FON4p, corresponding to the predicted CLE 
(CLV3/ESR‑related) motif of FON4. After 15 days treatment, significant inhibition of 
apical growth was observed in the fon1 mutant (Fig. 1), this implies that other receptor(s) 
of FON4, but not FON1, also exist(s) in rice regulating SAM.

In Arabidopsis, a process known as ligand sequestration limits the range of CLV3 diffu-
sion, and ensures the WUS expressed in organizing center.1 Overexpression of CLV3 or 
treatment of synthetic 14‑amino acid peptide, CLV3p, corresponding to the CLE motif  
of CLV3 in vitro can consume the SAM and reduce the WUS expression.7,13 This indicates 
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that this ligand sequestration process is important for maintenance  
of meristems. FON4 is expressed at the apex of meristems, whereas 
the FON1 is expressed throughout the whole meristem,11 so we 
speculate that the similar ligand sequestration process of FON4 and 
FON1 occurs in rice. In agreement with this, treatment with FON4p 
also resulted in the consumption of rice SAM. Furthermore, we 
speculated that the rice SAM also has an organizing center as well as 
in Arabidopsis, where the FON4 can not reach.

In vitro application CLV3p causes the consumption of the root  
meristem and decrease the SAM size in Arabidopsis.13,14 Similarly, 
treatment of CLV3p also caused consumption of root meristem 
and SAM in rice as well as in Arabidopsis. However, the treatment 
of FON4p only caused the consumption of SAM, and no obvious 
defects were observed in root meristem. This suggests that a CLV‑ 
like pathway is conserved in regulating rice root meristem, and 
different from CLV3, FON4 does not participate in limiting rice 
root meristem.
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Figure 1. Treatment of the fon1 mutant with 50 mm FON4p (right), left is the 
the fon1 mutant treated with no FON4p as a control. Bar represents 2 cm.
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