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1. Please highlight your scientific progress from year 1, where did you hope to be after year 1?

A. Staining for SEM-based high-resolution analysis of neural microcircuitry.  We explored numerous and diverse heavy metal staining strategies on both zebrafish and mouse neuropil in an effort to optimize SBF-SEM contrast and enable more robust automated segmentation. 

B. Segmentation algorithm development.  Doctoral student Brad Busse transferred from Texas A&M Computer Science to Stanford's Biophysics Program and continued his work on three-dimensional image segmentation algorithms suitable for neural microcircuit analysis.  He was mentored very effectively in these efforts by Prof. Charles A. Taylor in Stanford's Depts. of Bioengineering, Mechanical Engineering and Surgery.  He has achieved considerable success in semiautomated segmentation of axons and dendrites in SBF-SEM volume images. 

2. What challenges did you experience?

A. Staining. We found that it was difficult to improve upon the heavy metal staining methods used in our preliminary studies (FM photoconversion and colloidal lanthanum).  We concluded from these efforts that further progress in staining for reliable circuit analysis would most best be approached through development of molecularly specific stains designed to unambigously identify key circuit elements such as synapses and axonal vs. dendritic cytoskeleton.

B.  While our progress with automated segmentation of volumetric SBF-SEM images has been substantial, we conclude that accurate circuit analysis will require the combination of still more sophisticated algorithms with molecularly specific stains.

3. What unexpected outcomes did you encounter?

Confrontation of the challenges noted above inspired us to develop a new method, called Array Tomography (see attached document), which allows automated serial-sectioning electron microscopy with even higher contrast and resolution than SBF-SEM and at the same time provides for the use of multiple antibody stains at both light and electron microscopic resolutions.

4. What are the major advances that have occurred in your field this year?

I would have to count our invention of array tomography as one.  The development of a new class of transgenic "tool mice" called "Brainbow" and the Automated Tape Lathe-collecting Ultra Microtome (ATLUM) at Harvard would be two others.

5. How successful were your proposed tools, and did you adopt new tools?

See above.

6. Please share your individual experiences of collaborating with the broader community.

We are now collaborating with several leading Alzheimer's disease laboratories to share the abilities of our new imaging methods to resolve changes in circuitry and synapse density associated with neurodegenerative conditions.

7. Please highlight your plans for year 2.

In year 2 we'll be beginning to use a new SBF-SEM located in Pleasanton, CA.   Up until now, the only working 'scopes have been those in the inventor Winfried Denk's lab in Heidelberg, Germany.  Access has become increasingly limited as Denk has expanded his collaborations.  The Pleasanton 'scope is a production prototype of a system that Gatan, Inc. will soon make commercially available.

8. What is your primary MSM Working Group?

9. Please comment on your MSM Working Group(s), and what needs to be improved?

10. How do you foresee logical linking of models with others in the MSM?

11. Are you writing grants?

Yes.  To the NIH, the Fidelity Foundation, the Larry Ellison Medical Foundation and the McDonnell Foundation.

12. Are you finding new collaborations?

Yes, we have begun many collaborations and are adding more as rapidly as our experimental capacity allows.

