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indeterminate 
growth



Auxin triggered outgrowth of shoot primordia



PIN1:GFP distribution in the Arabidopsis 
shoot apical meristem



Primordial outgrowths in the meristem are triggered by local influxes of auxin



The meristem is self-organising and renews itself.





The shoot meristem is divided into central, peripheral and rib zones.

Central zone = undifferentiated cells 
Peripheral zone = formation of new lateral organs 
Rib zone = formation of new stem



The meristem contains three different layers 
of cells, L1, L2 & L3. 

These generally maintain distinct lineages
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SHOOT MERISTEMLESS (STM) and WUSCHEL (WUS) are 
homeodomain genes that are required for formation and 
maintenance of the shoot apical meristem in Arabidopsis.





WUSCHEL expression



Ectopic expression of WUSCHEL induces stem cell proliferation





Combined expression of STM 
and WUS triggers ectopic 
meristem formation and 
organogenesis 



WUS and STM initiate and maintain 
meristem growth  

- but how is the size of the apical 
meristem constrained? 

the growth of the shoot meristem is 
negatively regulated by…. 

               the CLAVATA genes

















Two other membrane proteins Clavata2 and Coryne associate to 
form a receptor kinase that functions on a parallel path.



1.  Mutations in the genes, clavata1, 
clavata2, coryne and clavata3, produce 
similar phenotypes - enlarged meristems. 

2.  These genes function in the same 
regulatory pathway. 

3.  CLAVATA3 is a ligand for the CLAVATA1/
CLAVATA2/CORYNE receptors





A glycopeptide regulating stem cell fate in Arabidopsis thaliana 
Kentaro Ohyama, Hidefumi Shinohara, Mari Ogawa-Ohnishi & Yoshikatsu Matsubayashi 

Nature Chemical Biology 5, 578 - 580 (2009) Published online: 7 June 2009 
doi:10.1038/nchembio.182

Clavata3 forms a 13 amino acid arabinosylated glycopeptide





CLV3 mRNA CLV1 mRNA



Over expression of CLAVATA3 causes depletion of the 
central zone of the meristem.





[1]. WUS expression is already detectable in 16-cell stage
Arabidopsis embryos, preceding the expression of the
stem cell marker CLAVATA3  (CLV3 ), indicating that
WUS activity and the establishment of the OC are necess-
ary to set up the stem cell niche [2,3 ]. In line with this,
laser ablation studies in tomato have shown that WUS is
activated de novo in the PZ as early as 24  hours after
ablation of the CZ and OC, before the formation of a new
stem cell system [4 ]. Consistently, Gallois et al. showed
that ectopic WUS induction in the root was sufficient to
trigger stable formation of shoot tissues [5 ] and together,

these studies highlight the leading role of WUS in setting
up the shoot stem cell system and consequently in driving
shoot development.

Once WUS expression is set up in the OC, its activity
needs to be continuously fine-tuned in order to balance
SC number and proliferation rate. It has turned out that
WUS acts in parallel with the homeodomain transcrip-
tion factor SHOOTMERISTEMLESS (STM), which
stimulates cytokinin (CK) biosynthesis by activating
the ISOPENTENYLTRANSFERASE7  (IPT7 ) gene
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Current Opinion in Plant Biology

The SAM — an overview. (a) Schematic representation of an Arabidopsis inflorescence apex. Signaling from the organizing center (OC, yellow)
maintains the stem cells (SC, red), which reside in the central zone (CZ, red) of the shoot apical meristem and are organized in three clonally
distinct cell layers (L1–L3). L1 and L2 cells divide strictly anticlinally, whereas L3 cells divide both anticlinally and periclinally. Cells that are
displaced laterally into the peripheral zone (PZ, blue) surrounding the CZ, start to differentiate and eventually give rise to organ primordia (OP),
while cells that leave the CZ basally into the rib zone (RZ, green) will produce the inner tissues of the stem. (b) WUS symplastically moves into the
overlying tissue to induce SC fate in the CZ (see c). CLV3 is secreted from the SCs and in turn acts to limit WUS expression via its receptors
CLV1/CLV2/CRN. miR394, which is expressed in L1, moves basally to allow WUS signaling by repressing LCR. STM activates IPT7, which
supplies active CK throughout the SAM and via AHK2/4 acts to maintain WUS expression in the OC. Additionally, WUS locally sensitizes the OC
and SC to CK by directly repressing ARR7/15, which negatively feedback on CK signaling. (c) PDs symplastically connect neighboring cells and
consist of a thin strand of endoplasmatic reticulum, the desmotubule, which crosses the cell wall through a plasma membrane lined channel. Both
WUS (green) and miRNAs (red) traffic through PDs, however the subcellular details of this movement (through cytoplasmic sleeve or via the
desmotubule) are still unknown.

Current Opinion in Plant Biology 2015, 23 :91–97  www.sciencedirect.com





CLAVATA3 acts as a 
signal across the 
meristem, repressing 
WUSCHEL activity in 
the central zone of 
the shoot meristem.



Auxin regulated feedback initiates shoot 
outgrowth. 

The Clavata and Wus genes form part of a 
feedback regulated circuit, controlling cell 
proliferation within each meristem 

Wus activates a local cytokinin response in 
the meristem 



Cytokinin 
signalling



Walls around tumours — why plants do not develop cancer
John H. Doonan and Robert Sablowski, Nature Reviews Cancer, 10: 794 (2010)



Lecture 5: Formation and specification of lateral organs


