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Abstract:
Morphogenesis arises from the coordinated dynamics of genetic,
cellular, and mechanical systems. During gastrulation, gene
regulatory networks specify cell fates and orchestrate the forces that
shape tissue architecture. Yet, how the structure of these networks
and their coupling to mechanical feedback evolve to generate new
morphogenetic strategies remains unclear.
Using comparative in toto live imaging across a phylogenetically
broad panel of insect species, our groups quantitatively links
regulatory architecture, gene innovation, and tissue mechanics
during the establishment of the embryonic body plan. We find that
rewiring of gene regulatory networks can drive fundamental
transitions in the mode of morphogenesis, revealing direct
transcriptional control over tissue mechanics. The emergence of
lineage-specific genes further expands the mechanical state space of
the embryo by introducing new structural and biochemical modules
that modulate material behavior. Finally, comparative perturbation
experiments indicate that feedback from tissue mechanics can bias
regulatory trajectories, suggesting that internal physical constraints
act as self-organizing drivers of evolutionary innovation.
These findings position the early embryo as a coupled genetic–
mechanical system in which fate specification and force generation
operate within an integrated feedback network. Such coupling
provides a systems-level framework through which developmental
and evolutionary dynamics jointly shape the emergence of animal
form.
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