
Appendix I: Computational model of growth mechanics. 

The initial analysis of the mechanical feedback on tissue growth (Shraiman 2005) was 
based on a continuum description that neglects important aspects of cellular tissues: the 
discreteness of cell divisions and the finite size of cells. To study the effect of these and to 
establish their influence on the conclusions obtained via continuum elasticity considerations, we 
developed and simulated a discrete model of growing tissue. Superficially similar finite element 
simulations of epithelial tissues have been implemented before (Honda 1983; Honda, 
Yamanaka et al. 1984; Clausi and Brodland 1993; Chen and Brodland 2000; Brodland and 
Veldhuis 2002), but these studies did not address the mechanics of growth issues which 
concern us here. 

The discrete model represents the geometry of a patch of a two-dimensional cell layer by a 
set of polygons sharing edges and vertices. Each polygon represents a cell and is assigned a 
number representing cell “height” (see Figure S1). 

Figure S1: A model of two dimensional tissue growth. (a) A patch of a 2D tissue layer. The 
outline of a cell is defined by the positions of its vertices. Each vertex is connected to three edges, the cell 
“walls”. (b) Schematic illustration of the topological changes due to cell rearrangement. As cells A and B 
move away from each other, the length of their common edge shrinks, until an intermediate quadruple 
junction is formed. Further separation of the cells leads to a creation of a new edge, which marks the 
contact region of the cells C and D. 

Our model involves four main elements: 

a) Mechanical equilibrium. 
We assume that on the time scale fast compared to cell growth and proliferation the cell 

layer reaches mechanical equilibrium with cells adhering to each other. The mechanical 
properties of a cell in the layer are determined by three terms: (i) a surface tension term 
depending only on the perimeter of the cell (presumed to arise from the cytoskeleton (Steinberg 
and Takeichi 1994; Ingber 2003)), (ii) a bulk contribution which defines the preferred volume of 
the cell, (iii) a term that couples neighboring cells and (iv) a term which controls the stiffness 
with respect to the deformation of cell thickness. Specifically, the equilibrium positions of a 


