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different orientations of sample in the collision point

Gaffney, K. J. & Chapman, H. N. (2007). Science, 316, 1444–1448.



Resolution estimation: Fourier shell correlation
All  diffraction images are divided into two sets

Each 3D electron density is divided into spherical shells and

for each shell of radius q the corresponding Fourier shell

correlation (FSC) coefficients are calculated.
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Resolution estimation: Fourier shell correlation
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Fourier shell correlation curve



Problems related to FSC method

1. The choice of a threshold value is currently a controversial 

issue

2. In addition, this approach can’t account fact that the quality 

of reconstruction can be uneven and depend on the specific 

area of the biomolecule
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Thus, the issue of effective resolution estimation methods 

remains open. 



Adaptive thresholding of FSC curves for resolution estimation
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Beckers, Maximilian (2020). Statistical Inference of cryo-EM Maps. European Molecular Biology Laboratory (EMBL), Heidelberg.

1.Sample noise distribution



Adaptive thresholding of FSC curves for resolution estimation
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2. Conversion to p-values

3. False discovery control (FDC) of p-values



Comparison of the 0.143 cutoff values thresholds

with the FDR-FSC values

The 0.143 cutoff values thresholds and FDR-FSC values are a very similar, but 

the FDR-FSC  resolution estimate is more optimistic.

number of diffraction images = const = 20 000 
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Comparison of the 0.143 cutoff values thresholds

with the FDR-FSC values

The 0.143 cutoff values thresholds and FDR-FSC values are a very similar, 

but the FDR-FSC  resolution estimate is more optimistic.

level of noise σ = const = 0 
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Local resolution method ResMap

• A λ Å feature exists at a point in the volume if a three dimensional (3D)

local-sinusoid of wavelength λ is statistically detectable above noise at that

point.

• A likelihood-ratio hypothesis test of the local-sinusoid vs. noise can

detect this feature at a given P –value.

• Thus the local resolution at a point as the smallest λ at which the local-

sinusoid is detectable, accounting for multiple testing with a false discovery

rate (FDR) procedure.

The main idea of the ResMap method base on the detection of a sinusoidal 

wave above the noise level for each point in the volume

Kucukelbir, Alp et al. “Quantifying the local resolution of cryo-EM density maps.” Nature methods vol. 11,1 (2014): 63-5.



Local resolution method ResMap
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Initialize λ. Set voxels inside 
the structure to have 
unassigned resolution.

Conduct likelihood ratio 
tests at unassigned voxels 
to evaluate the λ Å local-
sinusoid model.

Assign λ Å to voxels that 
pass the test with FDR 
control.
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   Increase λ
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NO

DONE



Result of estimation local resolution using ResMap
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Results for datasets with different level of noise σ ( number of images = const=20000)
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Thank you for your attention!
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