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Data pre-processing, the old 
way

Acquisition Storage Days Motion correction,
CTF estimation

Hours

Manual pickingHoursAutopicking &
micrograph 
inspection

DaysParticles

All micrographs move in one chunk, one step at a time

Terabytes





















Modeling sample deformation



Deep learning-based picking: BoxNet

• Fully convolutional U-Net with residual blocks
• Pre-trained on 26 hand-picked data sets
• Easily retrainable within Warp
• Save and manage retrained models for projects



Infrastructure



With EMPIAR-10061 Warp + RELION: 2.09 Å
+ Beam tilt: 1.95 Å
+ Defocus: 1.95 Å

+ Polishing: 1.86 Å

CTF fit



With EMPIAR-10097

Original data,
manual processing

Warp pipeline,
automated



Get it at warpem.com!



Denoising with deep neural nets
I have no idea why this works.







Denoising: 2D (0.8 μm defocus)

Original Deconvolved Denoised



Denoising: 3D half-maps

Locally filtered Denoised



Denoising: 3D half-maps

Locally filtered Denoised



Denoising: 3D in situ tomograms



Where do we want to go?
Tomography.



Ben Engel










Previous results for cryo-FIBed in situ



Similar in situ data with Warp



Implications for data processing and sharing

• Every tomogram needs as many identified particles as possible
• Every particle species needs as many copies as possible
• Every in situ tomogram contains less than 1 particle of interest per lab
• … and 10 000+ particles of interest for other labs
• Everyone‘s resolution increases as more particles are added
• No single lab/facility will be able to produce enough data
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