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The closely related problems of mesodermal cell migration, patterning, and fate during gastrulation have been studied extensively. Unfortunately, the biophysical mechanisms driving these dynamic processes are poorly understood. Mesodermal cell migration appears to be directional, but how these precise directionality cues are set up in various organisms remains unknown. To understand fully the molecular, cellular, and epigenetic mechanisms that regulate gastrulation patterning, and to define the final position-fate of cells, it is essential to quantify the dynamics (speed and directionality) of cells as functions of position and time in the embryo, and across multiple length and time scales that are relevant to morphogenesis.

From an engineering perspective, one of the most difficult challenges to studying the dynamics of migrating mesodermal cells, in general, is separating local cell-autonomous motility from large-scale or tissue-level (convective) morphogenetic displacements, which together create the apparent cell pattern. Indeed, this truly is a multi-scale problem involving motions and deformations that are potentially correlated at both cell and tissue levels. Although it is widely, if not explicitly, recognized that morphogenesis involves large (non-linear) tissue deformations, the extent to which these global motions and rearrangements convect cells during gastrulation has received little attention — there is a woeful lack of data.

To address this problem, we recently developed an automated method for computation of tissue-fate maps based on digital particle image velocimetry (PIV), a well-established engineering method for measuring velocity fields in continuous media. The analysis was made possible by the advent of a unique wide-field time-lapse microscopy setup for imaging the entire avian embryo with cellular resolution. This integrative bioengineering approach enables calculation of large-scale morphogenetic displacement fields in the embryo. To do so, extracellular matrix (ECM) constituents are used as passive in situ markers for visualizing and quantifying tissue motions. These data also enable more rigorous quantitative kinematic analysis of morphogenesis.






