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Abstract
Quantifying and visualizing the shape of developing biological tissues provide information about the morpho-
genetic processes in multicellular organisms. The size and shape of biological 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. Here we present a data process-
ing pipeline to generate 3D volumetric surface models of epithelial tissues, as well as geometric descriptions of
the tissues’ apical cell cross-sections. The data processing pipeline includes image acquisition, editing, processing
and analysis, 2D cell mesh generation, 3D contour-based surface reconstruction, cell mesh projection, followed
by geometric calculations and color-based visualization of morphological parameters. In their first utilization we
have applied these procedures to construct a 3D volumetric surface model at cellular resolution of the wing imag-
inal disc of Drosophila melanogaster. The ultimate goal of the reported effort is to produce tools for the creation of
detailed 3D geometric models of the individual cells in epithelial tissues. To date, 3D volumetric surface models
of the whole wing imaginal disc have been created, and the apicolateral cell boundaries have been identified,
allowing for the calculation and visualization of cell parameters, e.g. apical cross-sectional area of cells. The
calculation and visualization of morphological parameters show position-dependent patterns of cell shape in the
wing imaginal disc. Our procedures should offer a general data processing pipeline for the construction of 3D
volumetric surface models of a wide variety of epithelial tissues.

Categories and Subject Descriptors (according to ACM CCS): I.3.8 [Computer Graphics]: Applications; J.3 [Com-
puter Applications]: Life and medical sciences

1. Introduction

Biological tissues display a large diversity of shapes and
sizes. The shape and size of tissues depend on the interplay
between chemical signals (morphogens) and cell mechan-
ics. While chemical signals important for tissue development
have been identified, relatively little is known about the me-
chanical properties of cells and tissues. Quantification and
visualization of cell morphology and cell behavior provide a
basis for understanding tissue mechanics. The ultimate goal
of the reported effort is to produce tools for the creation of

† Joint first authors

detailed 3D geometric models of the individual cells in ep-
ithelial tissues. In our initial efforts, our tools have been em-
ployed to create 3D volumetric surface models of the larval
wing primordium of the fruit fly Drosophila melanogaster,
and to identify the apicolateral cell boundaries on the sur-
face.

The larval Drosophila wing primordium, the so-called
pouch region of the wing imaginal disc, is an excellent
model system to study epithelial morphogenesis during de-
velopment. In this single-layered main epithelium initially
cuboidal cells elongate during development, forming a pseu-
dostratified epithelium composed of highly columnar cells at
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later stages. Morphogen gradients (Dpp and Wingless), de-
rived from two linear sources perpendicular to each other in
the center of the wing disc, most likely control this cell shape
transition [WD09a,WD09b]. To better understand the mech-
anisms that guide this transition, quantitative measurements
of morphological parameters, such as cell area, cell height
and cell volume, will be required.

In this paper, we describe a set of techniques that, when
applied to a stack of confocal microscopy images of a late-
larval-stage fruit fly, produce a high-resolution 3D geometric
model of the fly’s wing imaginal disc. A geometric descrip-
tion of the apical cell faces may then be generated and pro-
jected onto the 3D model. The construction allows for the
calculation of a number of geometric parameters of the wing
imaginal disc. This data provides quantitative and visual ev-
idence that morphogen gradients influence the size of cells
during wing disc development.

The 3D models which provide the evidence are produced
via a data processing pipeline that includes image acquisi-
tion, editing, processing and analysis, 2D cell mesh gener-
ation, 3D contour-based surface reconstruction, cell mesh
projection, followed by geometric calculations and color-
based visualization. The components of the pipeline are de-
scribed in detail in the following sections, along with the ra-
tionale for their inclusion. Several reconstructed models of
Drosophila wing discs are provided to demonstrate the effi-
cacy of our approach.

2. Related Work

The work most related to ours is focused on reconstruction
of the cellular structures of biological samples. A recent
review on image analysis of embryo development [LOL-
CPS11] places our work into the larger context of imaging
for developmental biology and references many of the pa-
pers described below.

A 2D cell mesh of the Drosophila wing imaginal disc
epithelium has been reconstructed and used to extract
quantitative data on cell topology and shape. Classen et
al. [CAME05] use the Cellenger software (Definiens AG,
Munich) to perform cell neighborhood analysis in order to
study hexagonal packing in Drosophila wing epithelial cells.
“Packing Analyzer” [FRA∗07, Pac11] has been utilized in a
number of research investigations that require 2D models of
cell boundary networks [AFS∗10, LFR∗09, VPAD11].

Miodownik et al. [MBM07,CMM08] create 3D models of
an early-stage Drosophila melanogaster embryo with a mix-
ture of imaging and interactive modeling techniques. The
ellipsoidal shell that they create is used for finite element
modeling of the ventral furrow invagination of the embryo
in both 2D and 3D [MBM07, CMM08]. Müller-Reichert et
al. [MRMLM10] construct 3D models of individual neu-
rons from the dorsal nerve cord of Caenorhabditis elegans
based on scanning electron microscopy images. The images

are manually segmented using the Imaris software (Bitplane,
Zurich, Switzerland) [Ima11a], and the segments are formed
into 3D models with the IMOD software [KMM96,IMO11].

Mosaliganti et al. [MCS∗08] describe a three-stage ap-
proach for reconstructing 3D cell nuclear structures from
optical microscopy images of stained cell nuclei. The three
stages include: a rough segmentation of cell nuclei, refine-
ment of the segmentation based on tessellations and slice
interpolation. The major contribution of the paper is related
to 2D segmentation of stained cell nuclei.

A 3D digital atlas of C. elegans has been built by
staining and segmenting cell nuclei of newly hatched
worms [LPL∗09]. Based on stained nuclei detection algo-
rithms applied to images obtained by digital scanned laser
light sheet fluorescence microscopy, the dynamic 3D posi-
tions of the cell nuclei in a developing zebrafish embryo are
computed and tracked [KSWS08] to produce a high resolu-
tion spatial/temporal dataset that captures numerous features
of zebrafish embryogenesis. Digital scanned laser lightsheet
fluorescence microscopy is then combined with incoherent
structured-illumination microscopy to produce the 3D loca-
tions of stained nuclei in Drosophila embryos [KSS∗10].

A contour grouping algorithm based on three geomet-
ric metrics is proposed to determine the correspondences
between cell outlines in adjacent images in an image
stack [LVK∗11]. This algorithm, which could be used during
the 3D reconstruction of individual cells, can achieve high
accuracy when tested with synthetic data sets and with con-
tours produced by manual segmentation of confocal images
of gastrulating zebrafish cells.

4D reconstructions of the individual cells of a developing
Arabidopsis thaliana flower are generated via 3D imaging,
reconstruction and tracking of stained floral meristem mem-
branes [FDM∗10]. The technique utilizes manual landmark
specification, automated registration and a 3D watershed al-
gorithm to produce 3D models of the cells. Cell growth is
tracked by computing a deformation field based on a man-
ually identified surface, pairwise registration of sequential
images and cell lineage updates.

Our work stands apart from previous work in that we have
developed techniques to process imaging data from tissues
where only the apical and basal surfaces can be readily iden-
tified. This is, for example, the case for pseudostratified ep-
ithelia like the late-larval wing imaginal disc, where cells are
too densely packed for their lateral sides to be traced from
the apical to the basal surface. Our images therefore cap-
ture cell features only on the apical and basal sides of the
wing disc (See Sections 3 and 4.3 for more information.),
with little imaging information present in the disc’s interior.
Our techniques produce high-quality 3D surface models of
the Drosophila wing disc, along with detailed geometric de-
scriptions of the apical cell faces. Therefore previously de-
veloped techniques would not be effective for our type of
images. For example, some methods rely on whole tissue
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Figure 1: A single image from a confocal image stack of the
pouch region of the wing imaginal disc. E-cadherin (blue)
and F-actin (red) are shown. In this and the following im-
ages, anterior is to the left and dorsal is to the top.

Figure 2: A blue-channel image derived from the image in
Figure 1 that captures the illumination of the E-cadherin
stain. The brightest regions are the apical surface bound-
aries.

nuclear staining [MCS∗08, LPL∗09, KSWS08, KSS∗10] or
are provided with interior membrane staining [MRMLM10,
FDM∗10] that is unavailable in our images.

3. Input Data

Wing imaginal discs of late-third instar stage larvae (98 and
108 hours after egg lay (AEL)) were dissected, fixed and im-
munostained for E-cadherin, a marker of adherens junctions
and stained with phalloidin, a marker of filamentous (F-)
actin. E-cadherin highlights the adherens junctions present at
the apicolateral side of cells. Entire cell boundaries are high-
lighted by the F-actin meshwork underlying the cell plasma
membrane. Next, we acquire in 3D high resolution images
(∼1024×1024 pixels) of the complete wing pouch on a con-
focal microscope (Olympus FV1000, 40x lens), generating
stacks of images with 2 different color channels. See Fig-
ure 1. The distances between pixels range from 0.155 µm to

Figure 3: The image from Figure 2 has been manually edited
in order to isolate the apical surface strongly highlighted by
the E-cadherin stain.

0.207 µm and the distances between two images range from
1.0 µm to 2.0 µm, depending upon the sample. If the wing
disc is larger than the section covered by the microscope
lens, two or more stacks are taken and later stitched together.
Since our initial work focuses on generating 3D models of
the cell boundaries on the apical surface, we process the blue
channel (E-cadherin stain) of the images, which highlights
the wing disc’s apical adherens junctional network. Figure 2
presents a single blue-channel image from a confocal image
stack.

4. Data Processing Components

A number of data processing steps are applied to the confo-
cal image stack in order to produce a 2D mesh that captures
the geometry of the apical cell faces, the 3D model of the
wing imaginal disc, and the 3D mesh that represents the cell
faces lying on the apical surface.

4.1. Image Editing and Merging

Individual blue-channel images are manually edited using
Photoshop to isolate the stained and clearly recognizable ad-
herens junctions on the apicolateral surface. See Figure 3.
This involves removing unspecific staining of regions on top
of and below the adherens junctions, as well as removal of
the E-cadherin positive adherens junctions of the upper cell
layer, the peripodial membrane, above the pouch region. The
step is necessary since the wing disc displays a convex api-
colateral surface. The stack of edited images is merged into
a single image using the maximum intensity projection func-
tion of ImageJ [Ima11b]. This results in an image that dis-
plays the two-dimensional cell mesh consisting of the net-
work of adherens junctions on the apical surface of the wing
pouch’s main epithelium. See Figure 4.
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Figure 4: The highlighted outlines of the apical surface
present in the edited image stack are merged together into
a single image.

Figure 5: A 2D geometric description of the cell boundaries
is derived from the merged image.

4.2. 2D Cell Mesh Generation

A 2D geometric model of the cell mesh is extracted from
the merged image using the program “Packing Analyzer
v2.0” [AFS∗10,Pac11], producing the 2D coordinates of the
vertices of the mesh, where each cell is defined as a sim-
ple, 2D polygon. Other software packages, e.g. Cellenger
(Definiens AG, Munich), have been evaluated for the accu-
racy of their cell segmentation capability, but Packing Ana-
lyzer has been found to be most effective at identifying sin-
gle cells in our maximum-intensity-projection images. It has
also been successfully utilized in a number of other research
efforts [LFR∗09, VPAD11]. Packing Analyzer uses a water-
shed algorithm [VS91] to find individual cells in the images.
Each watershed catchment’s basin is defined as a cell, with
pixels shared between three or more cells defined as cell ver-
tices. Cell boundaries are identified as pixels shared by ex-
actly two cells, and boundaries smaller than three pixels in
length are reclassified as vertices.

Given the complexity of and the noise present in
the maximum-intensity-projection image, many errors are

Figure 6: A red-channel image derived from the image in
Figure 1 that captures the illumination of the F-actin stain.
The arrows point to the basal surface boundary.

present in the computed 2D cell mesh. We estimate that
once obvious self-intersections are removed (which may be
detected automatically) approximately 80% of the cells are
correctly identified and modeled by Packing Analyzer, with
the other 20% either containing extra invalid edges or miss-
ing edges, thus creating incorrectly merged cells. Packing
Analyzer provides interactive tools both for removing cell
edges that cause ill-defined, self-intersecting polygons, and
for adding edges to thin cells or to low-contrast/intensity
features that are not identified as cell boundaries. Figure
5 presents a 2D cell mesh produced via this hybrid com-
putational/manual process, which required approximately 2
person-days of post-processing clean-up to produce.

4.3. Manual Contouring of Images

Since we are interested in reconstructing the complete wing
disc pouch, the apical and basal surface boundaries of the
wing disc must be manually specified. For the apical bound-
ary, the edited blue-channel images (e.g. Figure 3) are used
to inform the contouring process. A contour line is placed
in the middle of the stripe of E-cadherin staining, where the
staining intensity is greatest. Since E-cadherin is not present
on the basal surface, the red channel from the original confo-
cal image (Figure 1) is used for obtaining the basal surface
boundary, since it captures the red F-actin stain. F-actin is
strongly enriched at the basal side of wing disc cells com-
pared to the lateral sides, forming a basal cytoskeletal net-
work. Similar to E-cadherin at the apical side of the wing
disc cells, the F-actin web at the cells’ basal side can be
used to guide contouring. In each red-channel image from
the image stack the contour line is placed in the middle of
the stripe of the basal F-actin staining. The thin, light stripe
that defines the basal surface boundary is indicated by the
arrows in Figure 6. Illustrator is used during the contouring
process to produce closed polylines, which are then filled, to
generate images that define the interior of the wing imaginal
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Figure 7: The blue- and red-channel images (e.g. Figures 2
and 6) are manually contoured to create closed curves along
the apical and basal surface boundaries. The closed contour
curves are filled to identify the interior of the imaginal disc.

disc between the apical and basal surfaces. Figure 7 presents
a filled contour.

Filled contours between adjacent images in the stack are
compared and adjusted to avoid significant “jumps” in con-
tour lines, which may produce undesirable artifacts during
the 3D reconstruction stage. Given the editing that highlights
the apical surface, regions of the images that do not represent
parts of the wing disc main epithelium, but belong instead to
the overlaying peripodial membrane cell layer, are excluded
from the filled polygon.

Attempts were made to utilize computational techniques
(e.g. edge detection, thresholding and flood-filling) to auto-
matically identify the surface boundaries in both the full and
edited blue-channel images, as well as the red-channel im-
ages. Given the noise and varying intensity/contrast of the
images, we found it difficult to specify the parameter values
that would give consistently correct results over all of the im-
ages. Thus the “automated” methods would always require
extensive post-processing and clean-up in order to rectify er-
rors, as well as significant parameter value tweaking in order
to provide the desired result. Therefore manual methods for
this stage of our processing pipeline were deemed effective
and time-efficient as compared to computational techniques.

4.4. 3D Reconstruction

The filled image stack provides the input to a 3D surface
reconstruction method that utilizes implicit functions to pro-
duce a closed, smooth model [BMM∗07]. The general ap-
proach involves interpreting contour information as points
in 3D, and an approximately fitting an implicit surface to
them. The individual images (slices) are stacked to produce
a 3D dataset. The indices of the contour pixels (pixels on the
boundary of the filled regions) along with the slice number
allow us to convert the contour data into a set of points in R3.

Figure 8: 3D surface model of the wing imaginal disc pro-
duced from a stack of contoured and filled confocal mi-
croscopy images.

We employ Multi-level Partition of Unity (MPU) implicit
surfaces [OBA∗03] to create an approximating surface based
on the contour point set. While a number of techniques do
exist for creating surfaces from points, MPU implicits were
chosen for a number of reasons. Firstly, they adaptively con-
form to local features and details using octree subdivision,
which provides control over subsequent approximation er-
rors. MPU implicit calculations are computationally efficient
and scale favorably for large datasets. These two characteris-
tics are important when dealing with high resolution biolog-
ical data. Methods for triangulating the input data were not
considered, because these approaches in general interpolate
and therefore include the noise of the contours in the recon-
structed surface; thus necessitating a smoothing operation as
a post-process.

A new enhancement was incorporated into the reconstruc-
tion method: the insertion of additional points into “empty”
regions on the surface. This new step improves the recon-
struction by providing a more consistent and regular distri-
bution of points over the surface. These regions devoid of
surface data occur when adjacent contours have drastically
different size and/or shape. This produces flat areas that are
not near a contour, and therefore contain no point informa-
tion. These empty regions are filled by placing points at reg-
ular intervals (every fourth voxel in this work) at locations
that are inside the contour of their slice (image), but are next
to a voxel in an adjacent slice which is outside the contour
of its slice.

MPU implicit surfaces, however, also require that a sur-
face normal be defined for every point in the point set. This
information is not readily available from the input binary
contours. Surface normals are therefore estimated using a
technique similar to Yagel et al.’s [YCK92]. The approach
for estimating normals begins by creating a 3D binary vol-
ume with explicit inside and outside information that is pro-

c© 2012 The Author(s)
Journal compilation c© 2012 The Eurographics Association and Blackwell Publishing Ltd.

david
Text Box



L. Bai, T. Widmann, et al. / Visualization of the Drosophila Wing Disc

Figure 9: Outline of a reconstructed apical MPU surface (in
yellow) projected into the edited image of Figure 3.

duced by stacking the filled contour images. The voxels in-
side and on the contours are set to 1. All other voxels are set
to 0. Next, a Gaussian filter is applied to the volume blurring
the boundary of the 3D binary object. The negative gradient
of the blurred volume is calculated at every original contour
voxel, and then used to estimate the surface normal at each
input data point.

Given the 3D point and normal information, MPU implic-
its generate a space-filling scalar field, stored as a volume
dataset, whose zero iso-surface defines a smooth 3D surface.
MPU implicits use a partition of unity approach, where sur-
face estimation is performed locally and the local implicit
functions are blended together globally to produce the over-
all field. See [OBA∗03, BMM∗07] for more details.

A 3D MPU surface of a Drosophila wing disc generated
from a contoured and filled image stack is presented in Fig-
ure 8. Two parameters control the quality and smoothness
of the reconstructed MPU surface. The first is the minimum
number of points (Nmin) that must be associated with each
octree cell. The second is an error tolerance value (tol) that
guarantees that the reconstructed surface lies within tol dis-
tance of the input data points. All of the 3D surface recon-
structions presented in this paper use the parameter values,
Nmin = 1500 and tol = 18 (voxels).

In order to verify the accuracy of the 3D reconstruction,
the MPU surface is reprojected back into the input images.
This allows for visual evaluation of the quality of the re-
construction based on inspection of the individual, merged
images. Figure 9 presents one such image where the recon-
structed apical MPU surface (in yellow) has been projected
into the edited blue-channel image of Figure 3.

4.5. Cell Mesh Projection

The next stage of processing involves projecting the 2D cell
mesh (Figure 5) onto the upper (apical) surface of the re-
constructed imaginal disc model (Figure 8) to produce a 3D

Figure 10: The cell mesh of Figure 5 transformed to 3D
model space and placed above the reconstructed wing disc
surface.

Figure 11: The cell mesh of Figure 5 projected onto the api-
cal surface of the imaginal disc model of Figure 8.

model of the apical cell boundaries. There are two coordi-
nate systems in the projection process. One is the volume
coordinate system which is associated with the reconstructed
MPU surface. The other is associated with the pixels of the
input images and directly reflects the measurements of the
Drosophila wing disc. The cell mesh is defined in the 2D
pixel coordinate system, and is transformed into the 3D vol-
ume coordinate system before the projection. After the co-
ordinate system transformation, we assign the Z coordinate
of each vertex of the transformed mesh to be zero. This step
generates a 3D mesh in the volume coordinate system, with
the mesh positioned above the reconstructed surface. See
Figure 10.

The mesh is then “dropped” onto the apical surface by in-
crementing the Z coordinate of each vertex. Since the MPU
volume that represents the reconstructed surface has nega-
tive values outside of the object and positive values inside,
the intersection point is defined by a zero-crossing. Each ver-
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Figure 12: The distribution of apical cross-sectional area of
cells for the imaginal disc model of Figures 11 and 14. Note
that the bin counts are presented with a logarithmic scale.

tex is dropped until a sign change is detected, thus indicating
that the surface is embedded in the current voxel. A linear in-
terpolation in the Z direction then computes the exact inter-
section point. A 2D cell mesh projected onto a reconstructed
surface is presented in Figure 11.

4.6. Geometric Calculations and Visualization

The cell mesh projection process produces a 3D cell mesh
model lying on the apical side of the reconstructed wing
disc volumetric surface model. Several geometric calcula-
tions may be performed on the mesh model and, with visu-
alization, provide a number of insights into the wing disc
development process. The most germane geometric quan-
tities that can be generated from the cell mesh are apical
cross-sectional cell area, bond (edge) length, number of ver-
tices and number of neighboring cells. Initially we focused
on cross-sectional cell area as the most important quantity
to compute, and therefore performed it first. Area of an api-
cal cross-section is computed by first subdividing the apical
face, which is defined by an arbitrary 3D polygon, into a
set of triangles. The area of the face is simply the sum of
the areas of the triangles. Figure 12 contains a histogram
of the apical cross-sectional areas for the cell mesh model
presented in Figure 11. Note that the bin counts are pre-
sented with a logarithmic scale. It can be seen that most
cross-sectional areas lie within the range of 3 to 7 microns2.

For visualization purposes the areas are mapped to the
Hue channel of the HSV color space with the formula

H = ((max_area−area)/(max_area−min_area))2 ∗240

and the cell faces are displayed with the associated color.
The resulting color distribution ranges from dark blue for
the smallest cells to bright red for the largest. The quotient
is squared in order to produce a greater color spread in the
blue to green range, which provides better differentiation of
the cells in the center of the disc. Since a few large, dividing

Figure 13: An apical surface of a wing imaginal disc at
108h AEL expressing membrane-bound CD8-GFP (green)
under control of ptc-GAL4 and wg-GAL4 drivers stained for
E-cadherin (magenta). The vertical and horizontal stripes of
CD8-GFP-expressing cells illustrate the sources of the Dpp
and Wingless morphogens, respectively.

cells skew the color map in the yellow to red range, chang-
ing the color mapping from linear to quadratic improves the
color distribution in the most populated range of cell face ar-
eas (2 to 12 microns2). Figure 14 presents the visualization
of apical cross-sectional cell areas for the 3D cell mesh of
Figure 11.

5. Results

Figures 14, 15 and 16 present three reconstructed imagi-
nal wing discs. The model in Figure 14 is reconstructed
from a stack of 76 confocal images, with a resolution of
1669 × 1044, of a Drosophila wing imaginal disc at 108
hours AEL (after egg lay). The model in Figure 15 is re-
constructed from a stack of 43 confocal images, with a res-
olution of 1941× 1125, of another wing disc at 108 hours
AEL. The model in Figure 16 is reconstructed from a stack
of 51 confocal images, with a resolution of 1024×1024, of a
wing disc at 96 hours AEL. The reconstructions include ge-
ometric descriptions of the cell faces on the apical side of the
wing discs. The areas of the apical cross-sections have been
computed and the individual cells have been displayed with
their color being a function of the area. The cross-sectional
cell areas range from 0.18 µm2 (dark blue) to 43 µm2 (bright
red). The color code for mapping area to color can be found
in Figure 14. The total computation time needed to com-
plete all steps of the reconstruction process is approximately
3 minutes on 2.66 GHz dual-core MacBook Pro with 4 GB
of memory.

6. Discussion

The 3D reconstructed models and cell meshes produced by
our methods provide an undistorted view of the cell shapes
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Figure 14: Projected cell mesh displayed with the reconstructed surface. The cells’ apical cross-sections have been color-
shaded as a function of their area. The area units are microns squared. Wing imaginal disc at 108 hours AEL (after egg lay).

20 20 µµmm

Figure 15: Another reconstructed wing imaginal disc at 108 hours AEL with apical cell cross-sections color-shaded by area.
The color code can be found in Figure 14.
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20 20 µµmm

Figure 16: A reconstructed wing imaginal disc at 96 hours AEL with apical cell cross-sections color-shaded by area. The color
code can be found in Figure 14.

and cell topology of the wing imaginal discs. Previous stud-
ies have constructed 2D cell meshes based on projected im-
age stacks (See Section 2, Related Work). This, however,
results in a distorted view of the cells whose surfaces are not
parallel to the plane of imaging. By projecting the 2D cell
mesh onto a reconstructed 3D model of the wing imaginal
disc, we produce accurate descriptions of cell shapes. Our
visualizations reveal a stereotyped pattern of cell shapes in
the wing imaginal disc. Cells in the center of the wing disc
pouch, in close proximity to the sources of the morphogens
Dpp and Wingless seen in Figure 13, display on average a
smaller apical cross sectional area compared to cells further
away. The stereotyped pattern of cell shapes observed in the
wing imaginal discs might result from the activities of the
Dpp and Wingless morphogens [WD09a, WD09b]. In gen-
eral, the 3D reconstructions provide us with precise numeri-
cal data on cell shapes. These data furnish a basis for a better
understanding of the processes that guide the morphogenesis
of the wing imaginal disc during larval development.

7. Conclusion

We have described a set of techniques that may be used to
produce a high-resolution 3D model of biological epithelial
tissues. We have applied the techniques to the analysis of the
developing imaginal wing disc of a late-larval Drosophila
melanogaster. An important feature of the 3D model is a de-

tailed geometric description of the epithelial cell faces on the
apical side of the tissue. The 3D models are produced with
a data processing pipeline that includes image acquisition,
editing, processing and analysis, 2D cell mesh generation,
3D contour-based surface reconstruction, cell mesh projec-
tion, geometric calculations and color-based visualization.
The models allow for the calculation of a number of geo-
metric parameters of the tissue, e.g. apical cross-sectional
cell area and bond length.

Future work will involve projecting and deforming the
cell mesh from the apical to the basal surface in order to
produce 3D models of the tissue’s individual epithelial cells.
The quantitative data on cell shape and cell topology that
can be derived from this enhanced 3D model will provide
the groundwork for future biomechanical models of tissue
morphogenesis.
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