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ABSTRACT 

    Cryo-electron microscopy (cryo-EM) has emerged as a leading method for 

deciphering the functional landscapes of proteins by resolving their conformational 

dynamics. The identification of trajectories within these landscapes is a pivotal 

component of the cryo-EM methodology, dependent on the outcomes of 3D 

conformational analyses. However, the evaluation and validation of these critical 

trajectories remain underexplored in existing literature. Addressing this gap, our talk 

emphasizes the necessity of establishing benchmarks for trajectory analysis, thereby 

enhancing the reliability of computational tools in revealing protein functions and 

understand their limitations. We will unveil a new framework designed for trajectory 

validation, highlighting a synthetic dataset creation process that generates data 

embodying major conformational changes, and introducing metrics for trajectory 

benchmarking. The presentation further explores an innovative method that incorporates 

statistical measures of local density into the trajectory search process's objective function. 

We will also discuss ongoing research efforts, including the application of kernel 

methods to refine density estimations. Expected to propel the cryo-EM field forward, our 

findings promise significant implications for dynamic protein research, potentially 

accelerating drug and vaccine discovery. The presentation showcases collaborative 

efforts with Teng-Yu Lin, and the publicly accessible source code can be found at 

https://github.com/tengyulin/energy_aware_pathfinding. 
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