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Self-organisation in biology

Zebrafish development. Gopi Shah, 

MPI of Molecular Cell Biology and 
Genetics

Veiled chameleon, QuantaMagazine
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“Mathematics is the science of 

patterns, and nature exploits just 

about every pattern that there is”

Ian Stewart
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Self-organisation in biology

Non-linear 

dynamics
Pattern 

Formation

Partial 

Differential 

EquationsVisual PDE

Ben Walker 
(UCL)

Andrew Krause 
(Durham)
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STORY 1: Patterning in migration 

of multicellular communities

Hugh Ford 

(Molecular Biology, 

UCL)

Devi Prasad

Panigrahi (PhD 

student, UCL)

Pearce Group (UCL)



➢ Directed cell migration up chemical signals (i.e., chemotaxis) is a 

fundamental process in biological systems, e.g., in development and 

cancer invasion.

Motivation 

(left) solution of the Keller-Segel model with proliferation (Amchin et al., PLoS Comput Bio., 2022); (right) 
Dictyostelium cells migration up self-generated gradients (Tweedy et al., Science, 2020);

travelling pulse

continuous shedding
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➢ Our current theoretical understanding of the self-organization of 

multicellular communities during chemotaxis is based on the Keller-

Segel model (1970s).



(Chubb’s Lab, UCL)



DICTYOSTELIUM GROUP

12

(Chubb’s Lab, UCL)



chemoattractant

Dictyostelium cells bacteria (food)
(Chubb’s Lab, UCL)



cell nucleus bacteria

Q2: What mechanisms dictate the periodic 
shedding of groups?

Q1: How do cell-level interactions give

rise to the rheology of the swarm?

by Devi Prasad Panigrahi 
(UCL PhD student co-supervised by Philip Pearce)

Chemically-regulated 

hydrodynamic instability

Ford, Celora et al., in press, PNAS



An active living viscous thin-film

Ford, Celora et al., bioRxiv (2024)



PSEUDO-2D modellubrication approximation

An active living viscous thin-film

Ford, Celora et al., bioRxiv (2024)



An active living viscous thin-film

capillary 
forces

disjoining
pressure

chemotaxis
force

slip length

Ford, Celora et al., bioRxiv (2024)



1.25 ± 0.35 mm

Loss of chemotactic signal

1.25 mm

Length (µm)
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elongationtravelling phase

shedding

dL/dt set by 
proliferation

???????

Swarm volume



elongationtravelling phase

V*

Swarm volume

shedding

V*



Emergent material properties regulate 

self-organized patterning in migrating 

multicellular communities.

surface tension

self-organized patterning

STORY 1: Patterning in migration 

of multicellular communities
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STORY 2: Patterning of the 

intracellular space



P Bodies (Brangwynne et al. Science, 2009).

➢ Spontaneous reversible liquid-like structures

➢ Stimuli-responsive materials with tunable composition 
and properties

Keratohyalin granules in skin barrier formation (Quiroz et al., Science 367, 2020).

SG formation in cancer cells exposed to 

chemo (Schwed-Gross et al; J Cell Sci 135, 

2022)

Membrane-less organelles: biological soft matter

potential for drug discovery and synthetic 
biology 



P Bodies (Brangwynne et al. Science, 2009).

Membrane-less organelles: biological soft matter

dilute 
phase

dense 
phase

oil concentration

mixing demixing

Keratohyalin Granules (Quiroz et al., Science 

367, 2020).



oil concentration

Membrane-less organelles: biological soft matter

mixing demixing
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Demixing of complex weakly charged biofluids
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Stimuli-responsive gels Biomolecular condensates

CHARGE

Collective cell migration

Cancer

STEMNESS

CELL-CYCLE



maths? no maths?

What’s your choice?
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