
Neuron, Volume 75 

Supplemental Information 

How Variable Clones Build an Invariant Retina 

Jie He, Gen Zhang, Alexandra D. Almeida, Michel Cayouette, Benjamin D. Simons, 

and William A. Harris 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 



 



Table S1. 

(See accompanying Excel file.) 



Here, we explain how we estimate the density of cells from confocal images. An obvious 
way to do so is to count the number of cells in a given volume and obtain a density as the 
ratio. However, this procedure only gives the correct answer if we are careful to count a 
cell as inside the prescribed volume if and only if its centre is inside. In practice, this can 
be difficult to ascertain, especially in the case when our volume is one single confocal z-
slice (or generally where a slice is close to being infinitely thin); furthermore, in that 
case, the number of cell centres actually inside the volume is close to zero. 
	  
This documents describes the necessary corrections. 
	  
It is instructive to start with in 2D, using a symmetric shape such as a circle. Below, we 
have a typical area (analogue of volume in 3D) with some cells. Here we use the criterion  
that a cell is counted if it appears at all within the area. Compared to the correct criterion 

	  
where we only count cells if their centres are inside, this causes an overcounting. We can 
correct for this by noticing that the effect is to count all cells with centres within an 
enlarged area with width w + r and h + r. Thus we get a formula	  
 

 
 
where N is the number of counted cells (28 in the above picture). 
Now let us take the analogue of a confocal z-slice in 2D: a line through the cells. Again, 
we count the cells if any part of it appear in the line. Our formula above has no problems 
with this  
 

 



 
 
case, simply using h = 0:  
 

 
 
We now focus on the specific case of a confocal slice in 3D. Generalising from above, if 
we have spherical cells of diameter d, and a confocal slice of thickness t and area w × h, 
the density is straightforwardly:  
 

 
 
The only complication is if the cells are not isotropic. In general, this then becomes very 
complex, but in the special case that the plane is aligned with the axes, we can still 
perform the correction by measuring the diameter of the cell within (d||) and transverse 
(d⊥) to the plane. In that case,  
 

 
 
Often, the slice taken is large in area to any single cell, but rectangular; as long as the 
area does not have a large aspect ratio, we may use an approximation which introduces 
very little error (much smaller than measurement errors in the various diameters, say):  
 

 
 
where A and p are the area and perimeter of the z-slice. 

2	  	  


