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Morphogenesis of the vascular network of a biological model (P. Polycephalum): 
Growth, self-organization, and optimization

Like E. Coli, C. Elegans or Drosophila, Physarum Polycephalum is a model organism 
intensively studied by the scientific community. In 
its plasmodium phase, it  is made of thousands of 
undifferentiated nuclei in a single cell. It can reach 
macroscopic size (up to 40cm). This organism then 
develops a tubular network (see Figure) in which 
an  oscillatory  flow (period  of  approximately  one 
minute)  is  generated  by  the  contraction  of  the 
membranous layer  surrounding its  “veins”.  These 
flows can overwhelm the diffusive (brownian) flow 
which  is  then  too  slow  to  transport  oxygen, 
nutrients, or waste on such scales. Thus, Physarum 
Polycephalum is  the  simplest  organism  with  a 
vascular network. It also has the remarkable ability 
to modify and reorganize itself according to where 
the  food  sources  are.  During  this  reorganization, 
the network is less and less reticulated and its  structure seems to follow an optimization 
scheme.

The objective of this internship is to  study the growth and adaptation of  Physarum 
Polycephalum's tubular network, and its interplay with the flow generated in it. In particluar, 
we will investigate how the network reorganization is linked to the synchronization of flows 
in it. P. Polycephalum has many advantages as an experimental subject. First, it grows easily 
on agar gel (in the dark) and eats bacteria such as E. Coli. Then, it is easy to observe due to 
its macroscopic size and its two-dimensional growth. Finally the structure of its vasculature 
adapts very quickly (~ 1mm/minute) with changes of external conditions (e.g.: changing the 
position of food sources or light). To do so,  we need to acquire two types of data on the 
network:  the  topological  (network  redundancy,  connectivity  nodes)  and  geometrical 
(diameters, lengths, angles between the veins) characteristics on the one hand, and the flow 
rates and constraints on the other hand.
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