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Morphogenetic mechanisms based on connecting cellular, tissue, and organ-level
dynamics.
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Tissue-level characterization of deformation dynamics is crucial for
understanding organ morphogenetic mechanisms, especially the interhierarchical links among molecular
activities, cellular behaviors and tissue/organ morphogenetic processes. We constructed tissue
deformation maps for chick limb development with high precision, based on snapshot lineage tracing
using dye injection. From the geometrical analysis of the map, we identified three characteristic
tissue growth modes in the limb and showed that they are consistent with local growth factor
activity and cell cycle length. We also found anisotropic tissue deformation along the
proximal-distal axis. Morphogenetic simulation and experimental studies suggested that this
directional tissue elongation, and not local growth, has the greatest impact on limb shaping. Our
study marks a pivotal point for multi-scale system understanding in vertebrate development.
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