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Related Work

• Alnabati et al.: MarkovFit
Frontiers in Molecular 
Biosciences (2022) 

• Benchmark table
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• ChimeraX “Fit in 
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• Gao et al.: 
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Structure (2024)



Related Work

• ChimeraX “Fit in 
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• Rantos et al.: 
Assembline
Nature Protocols 
(2022)



Inspiration

Reddy et al.: Differentiable compositing, TOG 2020
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Method - Iterative Convolution

Image Source: Wikipedia - Pyramid (image processing)



Method - Iterative Convolution
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Method - Negative Space
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Method - Enveloped Initialization 



Method - Optimization Loss Function



Method - Fit Results Clustering and Filtering
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Method - Tabular Browser for Fit Result Clusters



Method - Spatial Browser for Fit Result Clusters



Result - Use Case 1: Fit a single structure in sec



Result - Use Case 1: Fit a single structure in sec
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Result - Use Case 2: Composite multiple structures in min

Target map Ground truth Optimization process



Result - Use Case 3: Identify unknown densities in min-hour



Result - Use Case 3: Identify unknown densities in hours



Result - Use Case 3: Identify unknown densities in hours

DomainFit: ~12 hours

DiffFit: ~7 minutes (103x)



Feedback

• “Quite intuitive and easy to use”

• The automatic fitting and visual inspection approach “could be a 
key feature in ChimeraX that could become a standard in many 
pipelines” as well as “a key implementation for a standard modeling 
workflow.”



Tool & Code

• Python command line script

• https://cxtoolshed.rbvi.ucsf.edu/
• (The server is down for maintenance now 

as announced on X @UCSFChimeraX.)

• 510 downloads



Next Steps

• Comprehensive visualization

• Deformable transformations

• Collision handling

• Splitting and splicing the 
Cryo-EM map and the 
structures



Thank You!

Zainab Alsuwaykit Dawar Khan

Ondřej Strnad Tobias Isenberg Ivan Viola
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