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How can differentiation and morphogenesis be regulated in an 
correlated fashion in multicellular systems?  

the problem
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spontaneous pattern generation
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reactions + diffusion



spontaneous pattern generation

Jönsson et al (2006), ...

regulated transport
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Venu Reddy
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Marcus Heisler 
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“eine wissenschaft, aber nicht wissenschaft”

Immanuel Kant 

The criterion of true science lay in its relation to 
mathematics…

What is science?
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can this be automatized?

• use imaging data for generating dynamic templates

• define (differential equation) models in the computer

• use algorithm to update models (parameters and hypotheses)

• analyze model outputs

• model predictions to propose new experiments

all steps in the computer
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image segmentation

COnfocal STack ANalyZer Application
COSTANZA 



 Quantitative measures from image

Green  WUS::GFP
Red membrane stainJönsson et al (2005)
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Red membrane stain segment cells



 Quantitative measures from image

Green  WUS::GFP
Red membrane stain WUS “concentration”



model definitions



model definitions



model definitions



model definitions
mass action dynamics



model definitions

d[W ]
dt

=
VmaxKn

C [A]n

(Kn
C + [C]n)(Kn

A + [A]n)
− k[W ]

W

C A



model definitions

d[W ]
dt

=
VmaxKn

C [A]n

(Kn
C + [C]n)(Kn

A + [A]n)
− k[W ]

W

C A

transcription degradation



model definitions

d[W ]
dt

=
VmaxKn

C [A]n

(Kn
C + [C]n)(Kn

A + [A]n)
− k[W ]

W

C A

transcription degradation

d[Ws]
dt

= k1[W ]− k2[Ws] + D∇2[Ws]



model definitions

d[W ]
dt

=
VmaxKn

C [A]n

(Kn
C + [C]n)(Kn

A + [A]n)
− k[W ]

W

C A

transcription degradation

diffusion

d[Ws]
dt

= k1[W ]− k2[Ws] + D∇2[Ws]



model definitions

d[W ]
dt

=
VmaxKn

C [A]n

(Kn
C + [C]n)(Kn

A + [A]n)
− k[W ]

W

C A

transcription degradation

diffusionprotein?

d[Ws]
dt

= k1[W ]− k2[Ws] + D∇2[Ws]
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computational approach

Model(s) Data

optimize / train

filter / test

analyze / validate
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...computer manipulation of a mathematical model...

(Leopold and Hall 1966) 
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• CLV3 marks stem cells and WUS ‘defines’ an organizing center

• WUS activates CLV3 (stem cells)

• CLV3/CLV1 network repress WUS

stem cell regulation

CLV3
CLV1
WUS

extracellular peptide
receptor
transcription factor
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What activates WUS?

Jönsson et al (2005)
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Reinhardt et al 2003
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Reinhardt et al 2003

WUS
expression



 WUS network

Jönsson et al (2005)



 WUS network

CLV3

Jönsson et al (2005)



 WUS network

Comparison
network

CLV3

Jönsson et al (2005)
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 WUS network simulation

Template

Cell volumes, wall areas, and neighbors from template

Simulation
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CLV3 based WUS repression

CLV3 + PZ repressors static

Activator 
needed!

WUS
S Engman
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How is the CLV3 to WUS signal mediated?

Muller et al (2008)



How can clv1 non-null mutants have 
stronger phenotypes than a clv1 null mutant?

Muller et al (2008)



Can differences in mutant implementation 
alter wild type predictions?

Sahlin et al (submitted)



Can differences in mutant implementation 
alter wild type predictions?

Sahlin et al (submitted)

clv1-1
(non-null)

loss-of-signal interference
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Finding predictive models

• Optimize towards wt and 4 single mutants

• Test with two double mutants

Sahlin et al (submitted)



WT comparison

Sahlin et al (submitted)

hypotheses for mutant compared with mutant free models
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biological predictions

• Loss-of-signal mutant uses CLV3 
sequestration and requires CLV1-
CLV3 internalization 

• Interference model leads to 
abundance of receptors

Sahlin et al (submitted)
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How is the WUS to CLV3 signal mediated?

?



Parameter optimization: from WUS 

WUS model from Jönsson et al (2005)
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Parameter optimization: from WUS 

WUS model from Jönsson et al (2005)

?

‘Optimize’ hypotheses for WUS -> CLV3

WUS + L1
Jönsson et al (2003)

WUS+apical WUS
directional

WUS + PZ



CLV3 expression domain optimization

clv3 wus

P Melke Jönsson et al (2003, 2005)



CLV3 expression domain optimization

clv3 wus

P Melke Jönsson et al (2003, 2005)
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