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Questions for MSM PI’s

PI Name: Niles Pierce

PI Project Title: Coarse-Graining DNA Energy Landscapes

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

Developed new algorithm for thermodynamic analysis of an entire test tube of interacting nucleic acid strand (SIAM Review, in press). Experimental characterization of the free energy landscape of nucleic acid topological catalysts (JACS). 

2. What challenges did you experience?

Unraveling the mathematical nuances of the above algorithm. Technical issues with fluorophores affecting the behavior of the systems they were being used to monitor.

3. What unexpected outcomes did you encounter?

Exact mathematical treatment for handling distinguishability and overcounting issues in multi-stranded partition function algorithms. Exploitation of convexity and duality in determining equilibrium species concentrations for nucleic acid complexes.

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

The algorithm mentioned under question 1. The previous algorithm was limited to the analysis of a single strand or of two interacting strands that contained no intrastrand base pairs. We can now simulate the behavior of a test tube of strands, which is experimentally relevant to biologists and bioengineers.

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

See answer to question 4.

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

Collaborating with Fraser bioimaging lab at Caltech, and Bronner-Fraser and Megason developmental biology labs at Caltech. Launching web server for our software to allow the international research community to run the algorithms on our hardware via a simple web interface.

7. Please highlight your plans for year 2.

Launching a web server interface for our analysis and design software at nupack.org. Development and publication of a fast stochastic kinetics algorithm for exploring free energy landscapes for multiple interacting strands is in development. Mapping the free energy landscape of hybridization chain reactions, which are being developed for applications in bioimaging, biosensing, and therapeutics. Commissioning a four-color single-molecular fluorescence microscope that is now under construction. 

8. What is your primary MSM Working Group?

WG5.

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

No comments.

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

Have not identified an opportunity for this based on the research interests of the different groups. 

11. Are you writing grants?

Yes. Recently submitted a computational infrastructure grant to the NSF with the Mayo lab.  

12. Are you finding new collaborations?

Yes. Recently launched a new NIH Center for Excellence in Genomic Research at Caltech.  

