Extreme Resolution Image Analysis with Serial
Block-face Scanning Electron Microscopy

Background
The Advanced Visualization Lab (AVL) at Indiana University (IU) is working with Prof. Dan
Tracey and Dr. Lydia Borjon of the Gill Center for Biomolecular Science and Biology
Department of Indiana University on image processing and analysis of serial block-face
(SBF) scanning electron microscopy (SEM) data. The dataset for this project corresponds
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to an initial run with the Thermo-Fisher Teneo VolumeScope instrument at the IU Electron
Microscopy Center (IUEMC), scanning layers of a longitudinally fillet of drosophila
melanogaster (fruit fly). The complete dataset includes 399 layers, each containing 18
overlapping tiles of 6144 x 4096 resolution, with overlap at approximately 12%. The
dynamic range of the data is 16-bit grayscale, and the physical voxels are 10 nm square
pixels and 40 nm deep. For the purposes of this work, images have been converted to 8bit grayscale prior to transformation and mosaicking. The primary goal in this work is
identification and 3D-tracing of neural structure. Therefore, the intensity map
compression is not of great concern and facilitates memory limitations.
Drosophila melanogaster is a model organism widely used in biological research. The
work Borjon and Tracey are doing is focused on nociception—neurologic response to pain
stimuli—and immune response. Our work has been to identify workflows for image
processing and possible avenues for 2D and 3D analysis, including traditional 2D visual
inspection and measurement. To date, we have used Fiji (https://imagej.net/software/fiji)
and its TrakEM2 (https://imagej.net/plugins/trakem2) plugin to generate a 3D, registered,
multi-layer mosaic of all 399 x 18 tiles—7182 images in all. This mosaic has been used as a
project dataset within a local instance of CATMAID, a web-service toolkit for collaborative
image stack annotation—see https://doi.org/10.1093/bioinformatics/btp266 and
https://catmaid.readthedocs.io. We have also experimented with construction of 3D
(mesh) objects from sections of the mosaicked image stack with some success, and plan
to investigate further. It would be interesting to know how the clients for this project
might use a 3D model of the data, both quantitatively and qualitatively.

Serial block-face SEM imaging of Drosophila melanogaster (longitudinal view of larval stage)
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Method

Shown above is a registered, edge-blended and contrast-enhanced mosaic of SBF-SEM image tiles representing 33302 × 11035 pixels, at 10 x 10 square nanometers

IUEMC users typically transfer their SEM data to high performance Lustre storage in the IU

per pixel. AVL clients Lydia Borjon and Dan Tracey are searching for connected neural structures through 399 layers of connected mosaics like this one, annotating

Data Center. The data for the project featured here requires about 353 GB.

the structure morphology with the web tool CATMAID at Indiana University. They are looking for histological changes that represent nociception-stimulated

The workflow for creating the aligned multi-layer mosaic requires only Fiji and built-in

immune response.

TrakEM2 plugin. Essentially all work is done within Fiji. To facilitate working with such
large datasets, we utilize the IU Research Desktop (RED) and associated PC cluster nodes
interactively via SLURM. RED is a VNC-based virtual workspace accessible to IU HPC users,

Use the QR code below or use https://slavin.pages.iu.edu/pearc22 to navigate the full panorama in your web browser.

which is supported via the Cendio AB ThinLinc package. Using large-memory nodes on
IU’s Carbonate cluster, one can access 500 GB RAM and two 12-core Intel Xeon E5-2680
v3 CPUs. Fiji can make efficient use of this RAM and many of the tasks within TrakEM2 run
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in parallel via Java threads.
Fiji allows the user to load virtual image stacks (to save RAM), and one of these for each
tile across all layers is imported as a ”patch” into TrakEM2. Patches can be aligned as
mosaic images for each level, aligned between levels, or both simultaneously. There are a
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several options for fitting a best transformation using a global optimization scheme,
including phase correlation, least squares, and fully-elastic models. The latter two are
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made using feature extraction primarily using the well-known SIFT algorithm (Lowe, 2004;
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doi:10.1023/B:VISI.0000029664.99615.94). The automated least squares approach works
well in all but the upper left-hand tile which lacks detail, requiring manual placement.
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A screengrab of the TrakEM2 window, along with a couple related windows, from a RED
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virtual desktop session is shown at right. Globally optimized alignment of each layered
mosaic to its neighbors is shown. Parallel acceleration of the process is evident in the htop
window, making this large memory job an efficient process on the 24-core 512 GB cluster
node.
An interactive experience was created for this session using krpano (https://krpano.com).
Use the QR code below to browse the interactive panorama in your browser.

The Research Desktop (RED) interface to desktop analysis on HPC systems at Indiana University provides an excellent way to scale up workflows that can benefit
from large-memory, many-core and high-performance storage resources. Given the multi-thread support for many tasks in Fiji and the TrakEM2 plugin, RED and the
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large-memory nodes on IU’s Carbonate cluster makes this workflow possible with results ready in a couple days (for best-fit alignment and mosaicking of all 399 18tile layers).

