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1. Theory

The expression of signal and noise is given by Henderson in 1995 1:

(S1)Signal = 2
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I0
Ns

(S2)Noise =
1

Ned2/4

Here, the term  is the ratio between mean intensity  and total incident beam intensity 
〈Iobs〉

I0
〈Iobs〉

. The physical meaning of this term is the information given by elastic scattering as the I0

fraction of the incident beam.
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where  is the fraction of electrons elastically to a resolution of  of the total elastically scattered f d
electrons and  is the number of unique diffraction spots to resolution .Ns d
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In here,  is the elastic cross-section for carbon,  is the number of carbon σe  Nc =  
4
3 π (

D
2)

3
 ρ

9.1
110

atom equivalents of a molecule, and  is the protein density which equals to .  is ρ 0.8 Da/Å3 NS

the number of unique diffraction spots to resolution  in projection. Combining equations (S3), d
(S4) and (S5), the ratio between mean intensity and total incident beam is:
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As the signal calculated from the mean intensity of the diffracted beam as a fraction of the 
incident beam, we substitute  in equation (S6) to  to indicate the resolution at the Nyquist d dN

frequency.
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By substituting (S5) and (S7) into (S1), the signal from the particle is obtained as:

(S8)Signal =
σe(c) π D dN
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The expression of  is given by equation (S9), which is the signal to noise ratio of the image. 𝑋𝑠𝑖𝑔

It describes whether the molecule can be detector not.

(S9)Xsig =  
σe π Ne D3dN
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For given electron energy, electron dose, diameter of the particles and Nyquist frequency, the 
smaller the value of , the larger the value of . The largest  happens at the Nyquist d Xsig Xsig

frequency. So,  at Nyquist isXsig

(S10)Xsig =  
σe π Ne D3 

136



The number of particles that need to build a density map with a certain resolution is given by 
2:

(S11)Npart = Ninproj  ( πD
Nasymd)eB/2d2

 

Where  is the number of images that need per projection. The term  is followed by the Ninproj
πD
d

Crowther criterion 3 which describes the minimum number of unique projections needed for 
reconstructing a particle of diameter  to a resolution of .  is the asymmetric unit that a D 𝑑 Nasym

molecule has.  is the temperature factor that describes the effect of contrast loss. B
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Based on gold-standard Fourier shell correlation 2,4,  when  and the 〈S〉/〈N〉 = 1/ 3 FSC = 0.143
map is interpretable. Thus, the number of particles needed to reach a certain resolution  is:d
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2. Supplementary figures

Figure S1. Single particle analysis of a subset of the experimental mouse apo-ferritin dataset 
from EMPIAR-10216. (a) A typical micrograph of apo-ferritin, the scale bar is 50 nm, (b) 2D 

class averages. (c) 3D reconstruction from 29224 particles at 2 Å resolution. (d) Gold-
standard Fourier Shell correlation (FSC) before (blue line) and after (orange line) masking, 

and the phase randomized FSC (yellow line).



Figure S2. CTFs fitted with Gctf. 50 simulated micrographs for apo-ferritin have resolution 
higher than 3 Å.

Figure S3. Number of particles and resolution plot based on equation (13). The B-factor for 
simulated data is 43 2(black), according to least squares regression line fitting. The fitted B-Å

factor for the experimental data is 54 2 (red).Å
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