
Getting started with
Differentiable Programming

in cryo–EM
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Who would win against a machine?

- Noisy
- Irregularly shaped
- Binary decision

This 1 particle boiImageNet1000

- 1M+ natural images
- 1000 classes
- 5 % human error rate



Who would win against a machine?

- Noisy
- Irregularly shaped
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This 1 particle boiDriving a car
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A graph of differentiable functions



How does a ConvNet work?



Residual networks



https://distill.pub/2018/building-blocks/

Not a black box

https://distill.pub/2018/building-blocks/


To start: Don‘t start from scratch!



Code, part 1



Code, part 2

45 particle species, 1500–3000 particles each:
• 23 simulated from PDBs with InSilicoTEM
• 22 from EMPIAR & in-house



Augmentation

• Rotate
• Shear
• Noise



Training

• Rescale all images to 8 A/px
• Extract positive and negative examples
• Augment examples
• Look at each example 100 times in random order
• Gradually decrease learning rate from 10-3 to 10-5



Inference

• Rescale micrograph to 8 A/px
• Extract and normalize a running window of 962 px
• Send it through BoxNet
• Store SoftMax results for all positions
• Binarize (typically at > 0.9)
• Find connected components
• Centroids = particle positions
• Optionally, enforce minimum distance



Integration





With EMPIAR-10097









Things to try

• 3D map denoising
• GANs for realistic data simulation
• Autoencoders in 2D, 3D to deal with flexibility
• Refinement with better scoring metric
• Reconstruction



General challenges

• No training data for most problems
• Memory consumption in 3D
• Very little research applicable to cryo-EM
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