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The 6 P’s of developmental biology

Position:
Pattern:
Proportions:
Precision:
Pace:

Purpose:

How do cells know their location?

How do cells make decisions?

How is growth controlled and coordinated?
How reliable and accurate is patterning?
What controls the tempo of development?

What determines cell function?

Performance and Principles
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Morphogens

Sagner and Briscoe (2017) PMID:28319331
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Input: Output:
Morphogen Cell Identity



The Neural Tube

Ramon-y-Cajal (Manual de Histologia)
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Neurons BMP Dorsal

Shh Ventral



Organisation of the neural tube
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Concentration dependent response K e
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Duration dependent response
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Duration dependent response
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Concentration and duration pattern
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Shh signal transduction




THE

FRANCIS

Shh signalling adapts over time e e
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Feedback Growth
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An ODE description of the circuit
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Cohen et al (2014)
PMID: 25294939
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Network generates temporal response e e
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Transient increase in Shh signalling does not affect patter INSTITUTE

Gli activity in vivo
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Network buffers against transient increase in signal
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Shh signalling adapts over time e e
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Pax6 affects precision of pattern

Wild-type Pax6”

Pax6 Olig2 Nkx2-2

Exelby, Herrera-Delgado et al (2019) BioRxiv
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Wild-type  Pax6 mutant
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Regulatory elements as network edges NoTHUTE
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02e33 influences precision of Nkx2.2 boundary
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Stochastic simulations predict pattern alterations NeTHuTE
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Fluctuations more permissive in O2e33
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