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Raw data

SNR≈0.001
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Machine learning

Y are the observations

Y0 is the model

Gaussian noise

Statistical prior on parameters

• The role of X and Y are played by different elements.

• Deep learning is simply a “sophisticated” f.

J.L. Vilas, J.M. Carazo, C.O.S. Sorzano. Emerging 

themes in cryoEM-SPA Image processing. Chemical 

reviews (in press)



Machine learning

• Movie alignment:

– �: micrograph

– �: frames

– Θ: alignment parameters

• CTF determination:

– �: Power Spectrum Density

– �: White noise

– Θ: microscope parameters

• Particle picking:

– �: a coordinate in a micrograph is the center of a particle (T or F)

– �: micrograph

– Θ: picking model
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Classical Image Processing or Deep Learning
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We have a problem to solve

No matter if it is a white cat or a black cat; 

as long as it can catch mice, it is a good cat



Bias and variance
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Bias: systematic errors

Variance: random errors with zero mean
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C.O.S. Sorzano, … On bias, variance, overfitting, gold standard 

and consensus in Single Particle Analysis by Cryo-electron 

microscopy. Acta Crystallographica Section D, D78: 410-423 (2022)



Reconstruction is all about parameter

estimation

MSE=Bias2+Var

6,666 measurements/parameter



Perfect frame alignment



Perfect frame alignment



Accurate defocus
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Accurate defocus

CTF standard CTF agrees up to 2.1A

GCTF+CTFFind+Consensus 2.1A

Xmipp CTF for the envelope
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Picking (1.2 M)
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Picking (Multiple pickers + Deep Consensus + 

Mic. Cleaner 569k)
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2D Analysis, Round 1
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Avoid aperture? 
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3D Analysis



3D Analysis

Classification 1 Classication 2 Classification 3

Same class
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Angular assignment



Angular assignment

Detection:

• Consensus: angular 

comparison (scipion)

Slightly incorrect
Totally incorrect

Xmipp Highres vs Relion autorefine: 10-50%

Relion autorefine vs Relion autorefine: 12-38%
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Attraction problem
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Conclusions 1

• 3D Reconstruction is all about parameter estimation.

• How do you assure that you got them right?

– Consistency of alternatives estimates

• “Putting everything in and the algorithm will know” is

suboptimal

Full talk at https://www.youtube.com/watch?v=B30hA2DzpPg



Current situation

EMDB 22301



Server

https://biocomp.cnb.csic.es/EMValidationService/
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processing tools for the validation 

of CryoEM maps. Faraday 

Discussions (in press)



Validation scheme
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Level 0: Map
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Level 1: …+ Half maps

C.O.S. Sorzano, … Image 

processing tools for the validation 

of CryoEM maps. Faraday 

Discussions (in press)



Level 1: …+ Half maps

C.O.S. Sorzano, … Image 

processing tools for the validation 

of CryoEM maps. Faraday 

Discussions (in press)



Level 2: …+2D classes



Level 3: …+Particles



Level 4: …+ Angular assignment



Level 4: …+ Angular assignment



Level 5: …+ Coordinates



Level A: …+ Atomic model



Level A: …+ Atomic model



Level W: …+ Workflow
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Example
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Trends

http://3demmethods.i2pc.es/



Trends
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Trends

C.O.S. Sorzano, J.M. Carazo. Cryo-Electron Microscopy: the field 

of 1,000+ methods. J. Structural Biology, 214: 107861 (2022)



Trends

C.O.S. Sorzano, J.M. Carazo. Cryo-Electron Microscopy: the field 

of 1,000+ methods. J. Structural Biology, 214: 107861 (2022)



Trends

C.O.S. Sorzano, J.M. Carazo. Cryo-Electron Microscopy: the field 

of 1,000+ methods. J. Structural Biology, 214: 107861 (2022)



Conclusions

• SPA has to operate in a very noisy environment, which imply 

small errors (noise) and big errors (bias).

• The only way to detect bias is by comparing the estimates of 

several algorithms

•

• Then, we should validate our result with the many tools 

available.

• Part of the information needed for others to validate is the 

raw data and the disclosure of our image processing 

pipeline/decisions
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