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We approach the understanding of Deuterostome early embryogenesis (Figure 1) through the quantitative 

analysis and biomechanical modeling of cell dynamics from multiscale in vivo imaging data (Figure 2). The 

automated reconstruction of the cell lineage tree, annotated with nucleus and membrane segmentation, 

provides measurements for cell behavior: displacement, division, shape and contact changes. This 

quantitative data is used to derive statistical models for key parameters and calculate descriptors for tissue 

deformation. Confronting numerical simulations derived from multi-agent based biomechanical models 

with empirical measurements extracted from the reconstructed digital specimens is the basis for testing 

biological hypotheses. Further correlating cell behavior, tissue biomechanics and biochemical activities by 

comparing the patterns revealed by cell fate, kinematic descriptors or gene expression, is a step toward the 

integration of multi-level dynamics. 

 

 
 

Figure 1: Cell dynamics from long-term time lapse imaging of developing embryos. The imaging 

strategy for the automated reconstruction of cell lineages is exemplified with 5 different species. Their 

phylogenetic position in Deuterostomes is given. Imaging was performed by 2-photon MLSM with Leica 

SP5 coupled to Mai Tai Spectra Physics at 980nm and t-Pulse 20 Amplitude Systems at 1030nmon 

(http://www.bioemergences.eu). 
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Figure 2: Formal and applied epistemology for the reconstruction of the multilevel dynamics of 

complex systems. This diagram summarizes our general methodology for the integrative modeling of living 

systems’ morphogenesis. Ultimately, imaging data revealing the characteristic scales of biological 

processes should lead to models coupling the different organization levels of developing organisms 

(molecular, cellular and tissular). The three bottom pictures illustrate our concepts with the biomechanical 

modeling of the sea urchin early embryogenesis (blastula stages): imaged live specimen (bottom-left panel), 

reconstructed specimen (bottom-center panel), and simulated specimen with the MecaGen platform. We 

call phenomenological multilevel reconstruction (middle-left panel and underlying triangle graph) the set 

of operations based on algorithmic methods to extract measurements from 3D+time images. Quantitative 

results are then used to set the parameters of a theoretical model (top panel) and its derived numerical 

simulations, leading to a simulated multilevel model, or “virtual morphogenesis” (middle-right panel). This 

scheme creates a virtuous cycle of experimental validation of the models (top triangle graph) by questioning 

both the biological system and the simulation. Measuring the differences (’s: measures “m” and validation 

“v”) between the multiscale raw data (imaged specimen), the phenomenological data (reconstructed 

specimen) and the virtual data (simulated specimen), constitutes a major challenge. So far, the  between 

the raw and reconstructed data is estimated by a manual procedure using our custom-made visualization 

interface Mov-IT. 
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