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For the experimental conditions in Figure 1, we had
intentionally confined the bead closely between a slide and
coverslip to prevent it moving out of focus while we took data.
Having seen how the crack propagates around the bead in the

simulations, we hypothesized that the lack of a dent seen in the
experiments might be a result of this constraint on the network
preventing the crack propagating to the rear of the bead. To test
this, we ran the same simulation while constraining the network

Figure 2. The 3-D geometry of symmetry breaking. (A and B) Top and side views of simulated network shortly after symmetry breaking
showing that symmetry breaking is in one axis only. (C) 2-D projection of unconstrained simulation after symmetry breaking shows dent in the center
of the shell. (D) 3-D isosurface representation of network and bead during symmetry breaking shows linear crack. (E and F) Same as (C and D), but
network is constrained inz-direction between two parallel planes to mimic experimental conditions (note lesser dent in shell). (G–J) Projections and
3-D reconstructions of experimental data after symmetry breaking. (G and H) show a 5-mm bead with 15.5-mm spacers, (I and J) a 5-mm bead with 5.1-
mm spacers. Arrows in (A–H) indicate rip in outer shell. See Figures S4, S5, and S6 for interactive 3D views.
doi:10.1371/journal.pbio.1000201.g002
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Figure 4. The mechanism of symmetry breaking. (A–D) Strain buildup and release by link breakage (see Video S8). Four time points showing (i)
node tracks, (ii) link breaks, (iii) circumferential tension, and (iv) graphs showing how circumferential tension, radial tension, and link breaks vary with
distance from the surface of the bead. For link breaks in (ii), color scale bar represents increasing density to the right (red). For circumferential tension
in (iii), scale bar represents increasing tension to the right (red) with the black notch representing zero, and the left representing negative tension (i.e.,
compression) in blue. In (iv) forces are summed and split into radial and circumferential components. (E) Symmetry-breaking direction is determined
late. One simulation was repeated, restarting at frames shown, and the angle of the new symmetry-breaking direction calculated relative to the
original direction (mean6 standard deviation, n = 5). The directions are essentially random until frame 80, after which they become the same as the
original run, showing that the direction is determined between frames 70 and 80. This corresponds to a shell similar to the time point shown in (B). (F)
Decreasing the network spring constant increases the thickness of the shell (FL = 1.5 pN). (G) Increasing the threshold for link breakage produces a flat
shell (FBL = 5.5 pN). (Units are nominal—see text.)
doi:10.1371/journal.pbio.1000201.g004
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