
Modelling 
morphogenesis



Morphogenetic theories

• D’Arcy Thompson: methods from physical sciences
• Turing: Reaction-Diffusion
• Wolpert: Positional information
• Continuum theories

• Volumetric & surface growth
• Elastic instabilities (morpho-elasticity)
• Mixture theories
• Morphomechanics

• Mechanotransduction -> Multiscale models
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Summary of 
applications to date of 
different modelling 
approaches for 
epithelial tissue 
morphogenesis. CA, 
Cellular automata; 
CPM, cellular Potts

model; IBM, 
immersed boundary 
method; SEM, 
subcellular element 
model.
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Follow the cell
Digital reconstruction of cell trajectories in a zebrafish embryo. (A) 
Three-dimensional (3D) rendering of cell nuclei (blue) in raw data 
and selection of cells (yellow) in the dorsal line, performed at 10.7 
h-post-fertilization and backtracked to 7 hpf. From left to right, each 
panel shows a different spatial orientation (animal pole, lateral and 
ventral). (B) Detected cell nuclei (red) and cell selection as in (A) 
(yellow), shown in a spatial slice over the orthoslice of the raw data 
channel (gray). Same time step and view angles as in (A). (C) 3D 
rendering of cell nuclei (blue) and selection of cells of the dorsal line 
at 10.7 hpf (yellow). (D) Cell detection (red) and cell selection 
(yellow) in the same slice as (B). (E) Left: Two cell selections (green 
and yellow) over nuclei detection domains at 7 hpf. Middle: forward 
tracking (yellow to red colormap indicates time advancement) of the 
two selected cell domains. Right: forward tracking of the two cell 
selections from a lateral point of view. (F) Cell selections (green and 
yellow) at 10.7 hpf. Cell backward tracking (yellow to purple 
colormap) in same view angles than (E). 
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