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During biological organization, cells use genomic information to orchestrate chemical
and physical processes for the generation of organized tissues and organs. More chemical
principles in life sciences have been brought to light than physical principles. We explore the
contribution of physical principles in morphogenesis using the integumentary appendages
(feathers, hairs, teeth, etc.) as the model for two reasons. First, the integument is more
accessible to experimentation and integument appendage stem cells have robust regeneration
powers. Second, most of the function of integument organs is based upon their structural
architecture (e.g., in contrast to liver which is more a chemical factory), thus allowing us to
analyze the biophysical properties of their functional forms.
I will show several examples of this organization in different length scales (cells, tissues,
organs and organisms) and different time scales (embryogenesis, growth, regeneration after
wounding, and evolution). 1) In the developing skin, de novo periodic patterning leads to the
formation of thousands of feather or hair primordia, allowing variations to be generated. The
process involves the Turing activator / inhibitor principle, but how the mechanical-chemical
process translates chemical patterns into physical structures is not fully understood. Using a
reconstitution assay, real time imaging shows dynamic self-organizing behavior and the
involvement of physical principles in morphological phase transitions. 2) Mature feathers are
made of dead keratinocytes which were mainly made of keratins. Before these feather
keratinocytes die, they are organized into different shapes and arrangements, giving feathers a
remarkable range of rigidity and flexibility based on the different organization of feather stem
cells. The chicken frizzle mutant has a mutation of alpha keratin 75, and exhibits a defective
feather rachis medulla and a frizzled feather shape. 3) A single hair follicle undergoes cyclic
regeneration. In a population of hair follicles, is their regenerative behavior coupled? We show
that when a hair is plucked, it releases stress molecules. After topology-based hair plucking,
quorum sensing can be elicited in the collective regenerative behavior. With optimal conditions,
we can pluck 200 hairs and get 1000 hairs to be activated. 4) About 150 million years ago, the
skin appendage of some dinosaurs start to change their physical structures by elongation,
forming branches, vanes, which allow them to gain endothermy, communication and ability to fly,
thus the birth of birds.
These are examples where physical principles permeate biological processes. Through
multi-disciplinary collaborations, integration of physical perspectives and model simulation can
help us reach a more holistic understanding of our biological questions.
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