












 

  
 
 
 
 
 
 
 
 
We can now study different types of geometric transformations and check how they affect these quantities: 
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Figure A1. Cell shape metrics used for geometric modelling. (a) Object-oriented bounding boxes are calculated for 

each cell, and their axes are aligned to the AP, DV and ML axes of the embryo. (b) Schematised cells within object-

oriented bounding boxes, showing the measurements of length, area and volume acquired. (c) Cells define the 

dimensions of their bounding boxes through variable degrees of surface convolution, which we quantify as 𝛾. (d) 

Sample cells for each stage of development in lateral (top row) and anterior (bottom row) view within object-oriented 

bounding boxes. 
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Anisotropic 
growth only along 
𝐴𝑃 axis 𝑙!"
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𝐴()))(𝑠6) 𝑙!"
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Geometric modelling of cell neighbourhood shape changes 
 
To compute how these geometric transformations affects the length of a group of cells, we define a measure of cell 
intercalation at each stage. To this aim, we assume that the length contribution of a group of 𝑛 cells (where we assume 
that 𝑛 is large) in the 𝐴𝑃 direction is given by 𝑙(() and the equation 
 

𝑙(()(𝑠) = 𝑛	𝛽(𝑠)	𝑙!"(𝑠), 
 
with the intercalation correction 𝛽(𝑠). For 𝛽 = 1, the cells are stacked on the AP axis, for small 𝛽 ≳ 0, many layers of 
cells are present on the DV and ML planes (see Fig. 2).   
 

 
We now start with a group of 𝑛 cells, each of volume 𝑉($%&&)(𝑠), area 𝐴($%&&)(𝑠) and ratio 𝛾(𝑠), and an intercalation of 
𝛽(𝑠), and calculate neighbourhood length as 

𝑙(()	(𝑠) = 		𝑛	𝛽(𝑠)
𝑉($%&&)(𝑠)
𝐴($%&&)(𝑠)

.	 

We can study the effect of each geometric transformation, with and without intercalation, on neighbourhood length 
	𝑙(()	(𝑠):  
 
 
 

Figure A2. Calculation of intercalation correction 𝜷  in a neighbourhood of 10 cells. (a) Sample cell from 

8ss in lateral view showing the direction of AP length 𝑙!"
($%&&), approximated by 𝑙!"

())). (b, c) Schematic of a 

neighbourhood of 10 cells in lateral view, showing two extremes of 𝛽, approaching 0 in (b) and approaching 

1 in (c).
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Transformation 𝑨𝑷 neighbourhood length 
𝑙(()	(𝑠) 

Sketch 

Intercalation only 
𝛽(𝑠) 𝑛	𝛽(𝑠)

𝑉($%&&)(𝑠6)
𝐴($%&&)(𝑠6)

	 

 
Intercalation 	
𝛽(𝑠) with 
transverse cross-
sectional area  
𝐴($%&&)(𝑠) 

𝑛	𝛽(𝑠)
𝑉($%&&)(𝑠6)
𝐴($%&&)(𝑠)

 

 
Isotropic growth   
𝑉($%&&)(𝑠) without 
intercalation 

𝑛	𝛽(𝑠6)	𝑙!"
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Anisotropic 
growth 𝑉($%&&)(𝑠) 
only along 𝐴𝑃 axis 
𝑙!"
($%&&)(𝑠) , without 

intercalation 
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