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The Challenge

Common types of microscopes used in nanotechnology
research exhibit strong imaging artifacts that make
analysis of experimental results challenging. To help
scientists better understand the imaging artifacts, we are
developing the Microscope Simulator, an interactive tool
to aid scientists who use fluorescence or atomic force
microscopes (AFM) to better understand their
microscopes and their data. The Microscope Simulator is
useful in several ways:

* For scientists lacking experience with these
microscopes, the Microscope Simulator serves as a
teaching tool for showing how the imaging artifacts
distort images of specimens with known shape. When
specimen models are manipulated interactively via the
mouse, updates to the simulated images are generated
and displayed in real time, enabling greater
understanding of the imaging artifacts.

¢ Prior to conducing an experiment, scientists can use the
Microscope Simulator to answer whether a microscope
with particular settings can unambiguously distinguish
among multiple hypotheses about the shape of a
specimen or whether a different imaging modality is
required. Performing this kind of analysis prior to
carrying out actual experiments can save time, money,
and frustration.

* When trying to understand the geometry of a specimen,
the Microscope Simulator can show how well a
hypothesized geometric model explains the image taken
by a real microscope. Interactive model adjustment
enables the scientists to quickly evaluate “what if”
scenarios by interactively changing the specimen model
geometry and observing how the adjustment improves
or degrades the explanatory power of the model.

An unintuitive image of surface-labeled tubes in a fluorescence

microscope. Tube models are shown on the left and a simulated

fluorescence image is shown on the right. A single tube appears

as two parallel tubes in the simulated fluorescence image (top)

while two parallel tubes of half the diameter appear as a single
solid tube (bottom).

The Approach

The Microscope Simulator takes advantage of massively
parallel commodity graphics processing units (GPUs) to
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Highlights
- An interactive problem-solving environment
for understanding imaging artifacts in
fluorescence and atomic force microscopes.

- Algorithms on graphics processing units for
fast generation of simulated images from
fluorescence and atomic force microscopes.

A model of an axoneme hand-fit to a scan from an atomic force
microscope (red surface). A simulated atomic force microscope scan is
displayed as a semi-transparent surface over the real scan, and a
simulated fluorescence image is displayed in the bottom right window.

rapidly synthesize images according to microscope image
formation models. For simulating atomic force
microscopes, GPU-accelerated gray-scale dilation
computes artifacts from the scanning tip. For simulating
fluorescence microscopes, we have implemented several
GPU-accelerated algorithms for computing the
convolution of a geometric specimen model with the
point-spread function of the microscope.

The Microscope Simulator is capable of generating
images from arbitrary geometric models represented by
triangle meshes. Specimen models can be created from
built-in primitive shapes such as spheres and tubes or
imported as OBJ or PLY files created in an external
modeling program.

Results

Mitotic Spindle Modeling. Kerry Bloom’s lab in the
UNC Department of Biology studies mechanisms
involved in the dynamic interaction between DNA and the
mitotic spindle, a structure used to ensure that each cell
gets a copy of DNA during cell division. We have built a
geometric model of the hypothesized mitotic spindle
structure as a plug-in for the Microscope Simulator.
Comparing images of this structure taken in the lab to
images created by the Microscope Simulator provides
evidence that their model is correct.



Geometric model of the mitotic spindle model proposed in Kerry
Bloom’s lab. Left: Side-on view. Helical strands of DNA between
are stretched between microtubules on either side of the spindle.
Right: End-on view of the spindle showing the cylindrical
arrangement of microtubules and DNA.

Experimental and simulated images of DNA in the mitotic spindle in
yeast. Top images: Experimental and simulated images of the mitotic
spindle in the side-on orientation. Bottom images: Experimental and
simulated images of the mitotic spindle in the end-on orientation.

Lac Repressor Acting on DNA. Dorothy Erie’s lab used
atomic force microscopy to study the conformation of
DNA in relation to the lac repressor. Three potential
configurations of DNA are shown on the left below.
Examples of configurations from real scans are inset in
the corresponding model images. Using the AFMSim
module of the Microscope Simulator, Erie was able to
estimate the radius of the tip used in her experiments.
Generating simulated scans of the proposed model
configurations with the determined tip radius, Erie
determined that the top model configuration should be
visible in an AFM. Because she did not observe this shape
in experimental scans, she concluded that this
configuration was not likely to occur in nature.

Left: Three possible confirmations of DNA and the lac repressor.
Right: Simulated AFM scans of the confirmation models.
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