Generating a surface in the Surface Evolver

The Surface Evolver is a free software that iteratively finds the surface of minimal energy under given constraints.
The input files can be directly dragged and dropped in the surface evolver command window, or specified by path. Input format is .txt, see provided example (Surface_evolver_example.txt).
The input file specifies the constraints of the surface, and a list of :
· vertices with associated coordinates and constraints,
· edges defined by their two end vertices, with constraints
· faces defined by their edges (oriented), with constraints and surface tensions
· bodies (cells) defined by their faces (oriented), with target volumes, densities,…
The output file (command ‘d’ to print as text file) has the same properties. It can be used as an input file again.

Some useful commands in the Surface Evolver (see the software website for further information) :
s : show the surface in graphics mode / enter graphics mode
q : quit
g : iteration step. Several iterations steps can be computed with : g20, g50,…
r : refine triangulation
w : weed out small surface triangles (threshold value to provide)
u : equitriangulate
d : dump surface to datafile
The topology and properties of the surface are set from the input file, but they can be changed during the energy minimization process, for instance by using commands like ‘facet_merge’ (merge two facets), ‘set’ (set new tension, color,… to a facet/edge).

The surface calculation is faster with a limited number of facets. However, in order to generate a readable input to the division prediction program, the equilibrium surface should then be refined as much as possible. This way, plotting the vertices (according to the list of coordinates) will be resolutive enough to define a surface.


Formatting a Surface Evolver output file to an input file to the division prediction program

The Surface Evolver outputs a text file providing a list of vertices, edges, faces and bodies, with associated definitions and properties (same format as the input file, see above).
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For each cell of the embryo, these four lists must be copied into four Matlab matrices, named u1, u2, u3 and u4, and saved in the same .mat file :
u1 is a table of facets numbers (corresponding to the last list of the output file). It doesn’t need to be sorted, and doublons are not a problem, but it must be rectangular.
Importantly : only the facets of one body (the considered cell) must be copied. In case of a pluricellular embryo, all the formatting process and the division prediction must be done for each cell.
u2 is a table of all the edges of the output file. Format is the same as in the output file : column 1 is the number of the facet and columns 2 to 4 are the corresponding edges.
u3 is a table of all the vertices of the output file. Format is the same as in the output file : column 1 is the number of the edge and columns 2 and 3 are the corresponding vertices.
u2 is a table of all the coordinates of the output file. Format is the same as in the output file : column 1 is the number of the vertex and columns 2 to 4 are the corresponding coordinates.

This Matlab file can now be used as an input to the Matlab program Surfave_Evolver_to_Matlab_11 (provided), that outputs a .tif Z-stack (separate images) of the surface, with black background and white vertices.

As the division prediction program inputs Z-stack images of cells volumes (white background and black cells), the images must be inverted and filled. If the mesh is not narrow enough (the triangulation was not refined enough in the Surface Evolver), there may be holes in the surface, that can be filled manually. The image sequence must be saved as ‘shape’, with first image being number 1. Default number of digits in the subsequent ImageJ macro and Matlab program is 4.


The polarity input stack should then be created from the shape stack. The provided imageJ macro Macro_for_pol.ijm allows to generate a surface of appropriate thickness from the shape images. This surface (the surface of the whole cell) should then be carved to keep only the polarity cap, as the polarity input to the division prediction program is an image sequence (same size as shape image sequence) with white background and black polarity cap. The image sequence must be saved as ‘polarity’, and the images numbers must correspond to the numbers of the shape images. Empty (white) images don’t have to be saved.




Default files paths for the division prediction program input

By default, the division prediction program uses the following folders organization :
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The input shape and polarity image sequences must be saved in ‘Shapes’ as shown above, and the outputs of the program will be saved in ‘Plots’ and ‘Matlab_backups’.
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