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S1: Defining T1 transition for non-coplanar cells

Supplementary Figure 1: Schematic of a T1 transition. Different terms shown in the
figure are described in greater detail in section S1.

Epithelial sheet is assumed to evolve in an over-damped setting. This leads to the dy-
namics of the vertex i, with position vector xi, governed by the following equation

η
dxi

dt
= Fi = −∇iE, (1)

where η is the mobility coefficient and Fi is the force acting on the vertex i.
Keeping this in mind, we define a threshold length Lt = 2σedt/η, where dt is the time

step, e is a particular edge, σe is the correponding line tension coefficient and η is the mobility
coefficient. This approximates the threshold length below which the edge will vanish in next
time step. Our main assumption is that the velocity of both the vertices that comprises the
edge is approximately equal to σ/η. If the length of the edge is below the threshold length,
we implement a T1 transition event before the next time step that leads to cell neighbor
exchange.

Let us say that the edge e, defined by two vertices i0 and i1, is shared by two adjacent
cells C1 and C2 with corresponding unit normal vectors N1 and N2 (Fig. S4). The unit
normal vectors are defined in the following way
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where n is the number of vertices in a cell and ri is the position vector of vertex i.
We then define a direction vector u in the following way

u = Ne × (ri0 − ri1), (3)

where Ne is the average normal vector (Ne = 1
2
(N1 + N2)).

The direction vector is perpendicular to both the edge e and the vector that defines the
average plane of adjacent cells. New edge (with length = 1.1∗Lt) is defined along the vector
u with similar mid-point as the old edge e, followed by exchange of cell neighbors (Fig. S1).
It should also be noted here that the vertices are free to move in three-dimensions, so each
cell can be non-planar as well and the normal vector only approximates the plane of each
cell.
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