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Auxin and Embryogenesis 
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Canalization hypothesis of auxin flow 
Feed-back on transport capacity and directionality 
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Leave venation 



Modeling of Embryo Patterning 
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Wabnik et al., 2013 
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Feed-back regulation of PIN polarization 

by local auxin biosynthesis 

Robert et al., 2013 
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Auxin in Cotyledon Formation 
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PIN1 Polarity in Cotyledon Formation 
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Auxin in Flower and Leave Formation 
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DR5 in Floral Organ Formation 
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Lateral Root Development 



Lateral Root Development in Time 



DR5 in Lateral Root Formation 
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Relocation > Gradients > Primordia 
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Common module for organ formation 
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PIN-dependent Auxin Gradients 
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TROPISMS role for auxin 



Tropisms: 

 „Movements“ in Plants 

Phototropism Gravitropism 
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Asymmetric Auxin Distribution 

Underlies Tropisms 
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pin3 is Defective in Tropisms 
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PIN3 in Inflorescence Axis 



Col-0 Atpin3 

PIN3 – Lateral Auxin Transport 
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PIN3 in Phototropic Response 

Ding et al., 2011 
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Shoot gravitropic response 

Bending PIN3 polarization DR5 response 

unpublished 
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Rapid Relocation of PIN3 during Gravitropism 
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FRAP of PIN3-GFP 

Gravity-induced PIN3 transcytosis 

Kleine-Vehn et al., 2010 
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Differential distribution of auxin underlies 
tropisms 
 
PIN-dependent auxin transport acts upstream 
of auxin distribution 
 
External signals can be translated into 
redirection of auxin flow by rapid changes of 
PIN polarity 
 
Downstream auxin signaling decides about 
stimulation or inhibition of growth and thus 
about positive or negative tropism 

Role of Auxin Distribution 

in Tropisms 
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PIN-specific Signals for Polar Targeting 
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Wisniewska et al. 2006 



Molecular Components 

of PIN Polar Targeting 
Ser/Thr protein kinase PINOID (PID) 
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in PIN Polar Targeting 
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Col-0 pinoid 

PINOID kinase loss-of-function 

> basal PIN targeting 



PP2A Phosphatase and 

PIN Apical-Basal Targeting 

Michniewicz et al., 2007 



PID Phosphorylates PINs 

Phosphorylation assays in protoplast in vitro phosphorylation 

Michniewicz et al., 2007 



Role of PID in Controlling 

PIN Polarity > Auxin Flow > Patterning 
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Friml et al., 2004 
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Polar Delivery in Plants 
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Langowski et al., 2010 

Niko Geldner, Lausanne 



Mechanistic Insight into Polar 

Targeting in Plants 
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Lateral Diffusion and PIN Clusters 
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in press 



Internalisation „Hot Spots“ 

unpublished 
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unpublished 



Cell Polarity Maintenance 



Genetic approaches: 

Forward Genetic Screens 

Tanaka et al., 2009, Feraru et al., 2010; Feraru et al., 2011, unpublished 
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Beauty of forward genetics 
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P2::P1:HA   repp1        repp2           repp3      repp4      repp5 

regulator of PIN polarity (repp) 

Feraru et al., 2011 



REPP3 Encodes Cellulose Synthase 3 

Feraru et al., 2011 
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Extracellular matrix: Cell wall 



Degradation of cell wall results in loss of polarity 

10’ protoplasting 15’ protoplasting 

PIN2::PIN2-GFP 

Feraru et al., 2011 



Before After 30 min After 1.5 hours 

PIN2::PIN2-GFP 

After 1.5 hours 

PIN proteins are attached to cell wall 

Partial degradation of cell wall 

Feraru et al., 2011 



Partial degradation of cell wall 

Polar cargos are attached to cell wall 
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Feraru et al., 2011 



Cell Polarity Maintenance 

unpublished 



DNA 

RNA 

PID 

ARF 

GN 

ABP1 

Cell-biological Determinants 

Auxin Gradients Signals 

Gravity 

Light 

Tissue context 

Feed-back 

Friml et al. 2002 

Kleine-Vehn et al., 2010 

Rakusova et al., 2011 

 

Friml et al., 2002 

Ding et al., 2011 

Develop. context 
Benková et al. 2003 

Friml et al. 2003 

Reinhardt et al. 2003 

Wisniewska et al., 2006 

Sauer et al., 2006 

Paciorek et al., 2005 

Robert et al., 2010 

Wabnik et al., 2010 


