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Supplemental figure 1: Clockwise rotation of ERK activation on a small cell cluster

a. Clockwise rotation of ERK activation waves in a shorter time range. Snapshots at every
12 minutes were shown here. Time coordinate corresponds to that in supplemental movie
1.

b. Counterclockwise rotation of cell migration in a longer time range. Snapshots in every 48
minutes were shown here for a clear visualization of slower cell migration than ERK wave
propagation.
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Supplemental figure 2: Schematic understanding of ERK-wave induced cell migration in the
particle-based model

a. When the ERK wave is approaching, a cell indicated by a red triangle shows a low mobility
because of low ERK activity but slightly moves left because right side cells with high ERK
activity expand their volume and generate the pushing force.

b. When the ERK wave reached, the cell indicated by a red triangle shows a high mobility
because of high ERK activity. ERK activity also induces the volume expansion and gener-
ates a pushing force to neighboring cells. The left side cells with low ERK activity resist
the pushing force because of their low mobility and generate a repulsive force.

c. After a passage of ERK wave, left side cells cause a pushing force in the same manner as
the cell indicated by a red triangle in (b), and the cell indicated by a red triangle is moved
right.
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Supplemental figure 3: Simulations with asymmetric ERK waves
a. ERK waves in forward-skewed (left) and backward-skewed (right) shapes.

b - d. Simulated results with asymmetric ERK waves for velocity (b), density (c), and trajectories
in the particle and continuum models (d).
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Supplemental figure 4: Simulations with larger gird sizes
a. ERK waves on different grid sizes. 4 (left) and 8 (right).

b - d. Simulated results for velocity (b), density (c), and trajectories in particle and continuum
models (d). In (d), result on the right was omitted because of large numerical error.
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b Lagrange and Particle models
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Supplemental figure 5: Effects of grid size on simulation

a. Mean square errors between simulated trajectories with various grid sizes and those in
the case of unit grid size in the continuum model. Line colors indicate different width of

ERK wave, i.e., a standard deviation (sd) of ERK Gaussian function.

b. Mean square errors between simulated trajectories with various grid sizes the continuum

model and those in the particle-based model.

c. Mean square errors between simulated velocity values in Euler description with various

grid sizes and those in the case of unit grid size in the continuum model.

d. Mean square errors between simulated density values in Euler description with various

grid sizes and those in the case of unit grid size in the continuum model.
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Supplemental figure 6: Two-dimensional simulation in the continuum model

a-d. Simulated results in Euler description. ERK wave (a), Cell density (b), Velocities on x-
direction (c) and y-direction (d). See a supplemental movie for the simulation.



Supplementary movie legends

Supplemental movie 1. Live imaging of rotating dynamics of ERK waves and cell migration.
Clockwise rotating ERK waves were associated with counterclockwise rotating cell migration,
showing that cells migrate towards an opposite direction of ERK waves.

Supplemental movie 2. Simulated results in particle and continuum models. ERK wave
(upper left), cellular migration in particle model (upper middle) and continuum model (upper
right), cellular density (bottom left), velocity in x axis (bottom middle), and in y axis (bottom
right).
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