
3D Reconstruction and Visualization of the Developing
Drosophila Wing Imaginal Disc at Cellular Resolution

Linge Bai1  Thomas Widmann2  Frank Juelicher3  Christian Dahmann2  David E. Breen1
1Drexel University, Philadelphia, PA  USA        2MPI-CBG, Dresden, Germany        3MPI-PKS, Dresden, Germany

QuickTime™ and a
 decompressor

are needed to see this picture.

QuickTime™ and a
 decompressor

are needed to see this picture.

Introduction Input Data Create 2D Cell MeshEdit Input

3D Reconstruction Mesh Projection Area Calculation and Visualization

• The size and shape of tissues depend on the number, 
      size, shape, and arrangement of the constituting cells.
• To better understand the mechanisms that guide 
     tissues into their final shape, it is important to
     investigate the cellular arrangement within tissues. 
• We are studying the epithelial morphogenesis of the
     developing wing of the fruit fly Drosophila
     melanogaster at the late larval stage.
• Goal: Create a detailed 3D model of the individual
     cells in the Drosophila wing imaginal disc, a simple
     single cell-layered epithelium.
•  Our approach includes several stages
   - Editing images of E-cadherin stained wing discs
   - Merging the images and creating cell face models
   - Manual contouring of the edited images
   - 3D reconstruction with MPU implicit surfaces
   - Projecting the 2D cell mesh onto the 3D surface
   - Calculating and visualizing 3D cell face surface areas

• Image stacks generated via confocal microscopy of the
     central region of larval wing imaginal discs. 
• Samples stained for E-cadherin, a marker of adherens
     junctions, and phalloidin, a marker of filamentous actin. 
• Stains highlight the adherens junctions present at the
     apicolateral side of cells, as well as the entire cell
     outlines as identified by the F-actin meshwork. 
• 0.155 μm/pixel, with an inter-image distance of 1 μm.
     

• Use blue (E-cadherin) channel images to highlight 
     apical surface.
• Manually edit images to isolate apical surface.
     

• Use maximum intensity projection to merge stack of 
     edited images into a single image.
• Highlights cell boundaries on the apical surface. 
     

• 2D geometric model of the cell mesh is extracted from 
     the image using “packing analyzer v2.0” [1].
     

• Edited images are manually contoured and filled. 

• Stack of filled images provides the input for a 3D recon-
     struction technique based on MPU implicit models [2]. 
     

• 2D cell mesh is 
     projected (in the
     Z direction) onto
     the apical side of
     the 3D surface. 
     

• After projection, areas of individual 3D apical cell 
     faces are calculated in microns2.
• Areas are mapped to the hue color channel with
     ((max area - area)/(max area - min area))2 x 240. 
     

• Cells at the center of the wing imaginal disc, in close
     proximity to the signaling sources of the morphogens
     Dpp and Wingless, are apically more constricted than
     cells further away from the sources. 
• Shows the direct influence of the morphogen signals 
     on the shape of the cells. 
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