
emClarityǂ pyTOM1 Jsub-
Tomo2

Dynam3 Eman24 RELION5 PEET6 Protomo
/i37

GPU support Yes No No Yes No No No No

GUI No No Yes No Yes No

Template
Matching

Yes Yes No Manual Manual No Manual Yes

3D-CTF 
correction

3D-CTF 
WBP

No/Yes No No Per-
particle

Per-
particle

No No

Missing-wedge 
Representation

3D-
Sampling 
Function

Binary
Wedge

Binary
Wedge

Binary 
Wedge

Fourier 
Intensity 
threshold

3D-
Sampling 
Function

Binary 
Wedge

Binary
Wedge
(Sharp)

Tilt-series
refinement
using sub-
volumes

Yes No No No No No No No

“Gold-
standard”

Yes
FOM 

weighting

Yes
FOM 

weighting

No Yes Yes
Ad-Hoc

weighting

Yes
FOM 

weighting

Yes No

Classification Yes Yes No Yes Yes Yes Yes Yes

Table S1. Comparison of features among major sub-tomogram averaging software packages
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Steps Time # of GPUs?

Average 1h 31m 2

Align 9h 45m 2

Tomo-CPR 2h 10m 2

3D-CTF 1h 16m 2

CTF update 0h 21m 2

Template 
Matching

0h 12m
(1h 24m)

2

Classification 0h 8m 2

Total 15h 20m

Table S2. Run times for the yeast 80s tutorial dataa

Footnote: a.  Run on a Samsung 850-pro solid state scratch disk, requiring ~ 520 Gb total 
space. 2 x 20x Intel Xeon CPU E5-2650 v2 @ 2.3 GHz (only 12 cores used), 512 Gb of 
memory available, ~ 32 Gb used. 2x Nvidia Titan V GPUs.



Cycle Binning Pixel Angular Search Mask Type Mask Radius (Å) Particle Radius (Å) Mass (MDa)

template matching 5 10.85 [ 180, 15, 180, 15 ] sphere [ 180, 180, 180 ] [ 160, 160, 160 ] 3.5
0 4 8.68 [ 0, 0, 16, 4 ] sphere [ 180, 180, 180 ] [ 160, 160, 160 ] 3.5
1 4 8.68 [ 15, 5, 0, 0 ] sphere [ 180, 180, 180 ] [ 160, 160, 160 ] 3.5
2 4 8.68 [ 0, 0, 18, 2 ] sphere [ 180, 180, 180 ] [ 160, 160, 160 ] 3.5
3 3 6.51 [ 12, 4, 0, 0 ] sphere [ 180, 180, 180 ] [ 160, 160, 160 ] 3.5
4 3 6.51 [ 0, 0, 9, 1.5 ] sphere [ 180, 180, 180 ] [ 160, 160, 160 ] 3.5
5 3 6.51 [ 7.5, 2.5, 0, 0 ] sphere [ 180, 180, 180 ] [ 160, 160, 160 ] 3.5
6 2 4.34 [ 7.5, 2.5, 0, 0 ] sphere [ 180, 180, 180 ] [ 160, 160, 160 ] 3.5
7 2 4.34 [ 0, 0, 6, 1 ] sphere [ 180, 180, 180 ] [ 160, 160, 160 ] 3.5
8 2 4.34 [ 4.5, 1.5, 0, 0 ] sphere [ 180, 180, 180 ] [ 160, 160, 160 ] 3.5
9 1 2.17 [ 4.5, 1.5, 0, 0 ] sphere [ 180, 180, 180 ] [ 160, 160, 160 ] 3.5

10 1 2.17 [ 0, 0, 5, 0.5 ] sphere [ 180, 180, 180 ] [ 160, 160, 160 ] 3.5
11 1 2.17 [ 3.75, 1.25, 0, 0 ] sphere [ 180, 180, 180 ] [ 160, 160, 160 ] 3.5
12 1 2.17 [ 1.5, 0.75, 0 , 0] sphere [ 180, 180, 180 ] [ 160, 160, 160 ] 3.5
13 1 2.17 N/A sphere [ 180, 180, 180 ] [ 160, 160, 160 ] 3.5

mammalian + 20 mammalian + 20 mammalian + 1

Cycle Binning Pixel Angular Search Mask Type Mask Radius (Å) Particle Radius (Å) Mass (MDa)
template matching 7 7 [ 180, 9, 28, 7 ] cylinder [ 116, 116, 72 ] [ 66, 66, 56 ] 0.5

0 6 6 [ 0, 0, 24, 3 ] cylinder [ 116, 116, 72 ] [ 66, 66, 56 ] 0.5
1 6 6 [ 16, 4, 0, 0 ] cylinder [ 116, 116, 72 ] [ 66, 66, 56 ] 0.5
2 6 6 [ 0, 0, 9, 1.5 ] cylinder [ 116, 116, 72 ] [ 66, 66, 56 ] 0.5
3 5 5 [ 0, 0, 12, 1.5 ] cylinder [ 116, 116, 72 ] [ 66, 66, 56 ] 0.5
4 5 5 [ 15, 3, 0, 0 ] cylinder [ 116, 116, 72 ] [ 66, 66, 56 ] 0.5
5 5 5 [  0, 0, 9, 1 ] cylinder [ 116, 116, 72 ] [ 66, 66, 56 ] 0.5
6 4 4 [ 0, 0, 9, 1 ] cylinder [ 116, 116, 72 ] [ 66, 66, 56 ] 0.5
7 4 4 [ 10, 2, 0 , 0 ] cylinder [ 116, 116, 72 ] [ 66, 66, 56 ] 0.5
8 4 4 [ 0, 0, 7.5, 0.75 ] cylinder [ 116, 116, 72 ] [ 66, 66, 56 ] 0.5
9 3 3 [ 9, 1, 0, 0 ] cylinder [ 116, 116, 72 ] [ 66, 66, 56 ] 0.5

10 3 3 [ 10, 2, 0, 0 ] cylinder [ 116, 116, 72 ] [ 66, 66, 56 ] 0.5
11 3 3 [ 0, 0, 7.5, 0.75 ] cylinder [ 116, 116, 72 ] [ 66, 66, 56 ] 0.5
12 2 2 [ 0, 0, 7.5, 0.75 ] cylinder [ 116, 116, 72 ] [ 66, 66, 56 ] 0.5
13 2 2 [ 5, 1.25, 0, 0 ] cylinder [ 116, 116, 72 ] [ 66, 66, 56 ] 0.5
14 2 2 [ 1.5, 0.75, 0.5, 0.5 ] cylinder [ 116, 116, 72 ] [ 66, 66, 56 ] 0.5
15 2 2 [ 0, 0, 6, 0.5 ] cylinder [ 116, 116, 72 ] [ 66, 66, 56 ] 0.5
16 1 1 [ 0, 0, 3, 0.3 ] cylinder [ 90, 90, 72, 72 ] [ 66, 66, 56 ] 0.5
17 1 1 [ 4.5 0.75, 0, 0 ] cylinder [ 90, 90, 72, 72 ] [ 66, 66, 56 ] 0.5
18 1 1 [ 1.2, 0.4, 0, 0 ] cylinder [ 90, 90, 72, 72 ] [ 66, 66, 56 ] 0.5

Table S3. Alignment details for the ribosome data. The yeast 80s (EMPIAR-10045) and 
mammalian 80s (EMPIAR-10064) differ only in the size of the mask, and particle mass as 
noted in the bottom row.

Table S4. Alignment details for the HIV-1 Gag data (EMPIAR-10164)




