
http://crossmark.crossref.org/dialog/?doi=10.1038/s43246-024-00474-8&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s43246-024-00474-8&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s43246-024-00474-8&domain=pdf
http://orcid.org/0000-0002-6630-8345
http://orcid.org/0000-0002-6630-8345
http://orcid.org/0000-0002-6630-8345
http://orcid.org/0000-0002-6630-8345
http://orcid.org/0000-0002-6630-8345
http://orcid.org/0000-0003-3444-1966
http://orcid.org/0000-0003-3444-1966
http://orcid.org/0000-0003-3444-1966
http://orcid.org/0000-0003-3444-1966
http://orcid.org/0000-0003-3444-1966
mailto:ivan.smalyukh@colorado.edu


















diagonal direction of the cyanobacterial filament orientations and motions
emerges spontaneously (alignment along the other diagonal can occur with
the same probability). Corners of the region impose perturbations of the
alignment and motion directionalities (bottom left and top right corners in
Fig. 10a) or cause locally reduced number density of bacteria (top left and
bottom right corners, Fig. 10a). The cyanobacterial filament orientations
slightly depart from the orientation in
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