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ONE MORE NOTE 
ABOUT DEFOCUS
Highlights
•The spatial-coherence envelope function has 
almost no effect under the conditions used in 
cryo-EM.
•Even for defocus values as high as 8 µm, this 
envelope remains negligible compared to other 
factors.
•On the other hand, delocalization of high-
resolution information can become an important 
factor.
•For many situations, it may thus be beneficial 
to use defocus values as high as ~5 µm or 
more.
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Fig. 3. Image “gold-20”, recorded at 8 µm 
defocus, showing how delocalization of one of the 
half-wavelets corresponding to the Au (111) 
lattice planes is moved outside the field of view 
of the camera. Gold nanoparticle #2 is labelled, 
with the diffracting crystallite labelled A, and the 
positions of 2.35 Å lattice fringe patches labelled 
B and C. Area C is outside the field of view, so 
this half-wavelet is not observed and it does not 
contribute to the power spectrum. Area B is shown 
at higher magnification in the right panel 
of Fig. 1B. The area outlined in the center would 
be the only region able to produce Thon-ring 
modulations at the 2.35 Å gold-lattice spacing in 
all directions, but, within this field of view, there is 
only about half of one of the 17 gold particles 
that is located within the outlined area. As a 
result, the power spectrum of this image shows no 
Thon-ring contribution to the power spectrum of 
such nanoparticles.

https://www.sciencedirect.com/topics/physics-and-astronomy/crystallite
https://www.sciencedirect.com/science/article/pii/S0304399121000127
https://www.sciencedirect.com/topics/materials-science/nanoparticle
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VALIDATION

3D map generation –

Resolution estimation 

• FSC between 2 half-maps 
– Independent refinement of the 
two halves (gold standard) 
– Independent high resolution shells 

• Local resolution 
– Resmap
– Bsoft LocRes
– Masking individual domains

• Variance estimation 
– Resmap



WHY IS IT SO 
CHALLENGING?
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VALIDATION TIPS
Compare reference free averages 
with projections 

Tilt-pair analysis

“Gold standard” FSC 

Randomize phases 

Appearance of expected 
secondary structure elements 

only checks consistency of 3D map 
with 2D data – excellent, also 
establishes handedness – not 
necessarily needed (but now pretty 
much default) – excellent 
(implemented in software 
packages) – Evaluate with 
published information

-adapted from Tom Walz
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-adapted from Rich Hite
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Figure 3. Resolution assessment by Fourier shell correlation (FSC) and its validation by the noise 
substitution test. (a) FSC between half-maps where particle orientation refinement uses image 
data to 7 Å resolution (red circle) or to 7 Å but where high resolution data beyond 17 Å has 
been substituted with data with randomized phases (HR-noise, green circle) or data from noise 
images (HR-noise, blue circle). Portion of FSC signal due to over-fitting is shown by the shaded 
blue region (FSCn), and the portion due to true structural signal is the shaded pink region 
(FSCtrue). (b) FSC curves as above but where particle orientation refinement has been limited 
to 17 Å resolution. The ‘free shells’ above 17 Å resolution show no over-fitting because they 
were not used in refinement. (c) FSCn between half-maps for noise-substituted data shows FSC 
artefacts that result from a tight mask. (d) FSC curve (red), also called Cref, between whole-map 
and coordinate model placed in the map by rigid body fitting crosses the 0.5 threshold at a 
point indicating 7.6 Å resolution. Flexible fitting of the model produces an overly optimistic FSC 
curve (blue). Panels are Figures 3a,b, 4b, and 5b of Ref. [6••].

https://www.sciencedirect.com/science/article/pii/S0959440X15000925
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