GoldDigger and Checkers, computational developments in cryo-scanning transmission electron tomography to improve the quality of reconstructed volumes
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[image: ]Figure S1. Optional filtering of large residual fiducials. Rationale of a two-step filtering process. A) Classic situation where fiducials are well tracked and corresponding residuals are relatively small (a few pixels only) and present in a single cluster. B) Less classic situation where some fiducials are badly tracked and corresponding residuals are large (several tens or hundreds of pixels) and present in several clusters. On each plot, the inner and outer ellipses represent the inclusion/exclusion limits set at 1 and 1.5 standard deviations of the residual values, respectively. In a classic situation, big residuals can easily be filtered out using a single filtering step (A). In a situation where some gold beads are badly tracked, two steps are required as a single filtering step is not sufficient to discard the outlying clusters and the big residuals of the main cluster (B). 


[image: ]Figure S2. Length of gold beads chains of all TS Ec cryo-STET datasets. Comparison of the gold bead chain lengths using the different fiducial tracking methods: R4TR, GoldDigger before merging of the fiducial chains (GoldDigger step 3) and after merging of the fiducial chains (GoldDigger step 4). For each method, the default and fast modes are presented. Each plot consists of 3 rows. In the first row, the coloured curve represents the distribution of the data. In the second row, the boxplot ranges from the position of the 25% quantile to that of the 75% quantile and the thick vertical line corresponds to the mean value of the data. Finally, the third row contains coloured dots representing each data point, using the same colour as the data distribution in the first row.


[image: ]Figure S3. Comparison of the number of tracked fiducials per tilt-angle for three different methods on the TS Ec datasets. For each tilt-series, the number of tracked fiducials per tilt-angle is measured. Three different fiducial tracking methods were used: R4TR (left-hand side panel), GoldDigger (centre panel) and ClusterAlign (right-hand side panel). As observed, the number of beads tracked by R4TR is quite low, as several tilt-images do not possess any tracked fiducials. GoldDigger tracks many fiducials throughout the tilt-series, from low-tilts to high-tilts. The plateau reached at 100 fiducials is intentional and corresponds to the maximum number of beads allowed by TomoAlign during tilt-series motion correction. ClusterAlign tracks the fiducials more consistently than R4TR, but for tilt-angles greater than ±60°, the number of tracked fiducials decreases significantly. 


[image: ]Figure S4. Comparison of the coordinates of 30 fiducials of all TS Ec cryo-STET datasets as tracked by R4TR and GoldDigger, and the actual position of the underlying gold bead. Each row corresponds to a different tilt-series (from TS 001 to TS 007). For each tilt-series, a visual comparison of the accuracy of the different fiducial tracking methods is presented (from top to bottom): R4TR default (orange circles), GoldDigger default (purple circles), RATR fast (red circles) and GoldDigger fast (green circles). The columns represent different gold beads.


[image: ]Figure S5. Comparison of two TS Tb 3D reconstructions computed using the raw GoldDigger tracked fiducials and the manually-corrected tracked fiducials. Two different datasets are presented, displaying different reconstruction artefacts. A) In TS Tb002, the raw GoldDigger picking generates important distortions of the dark granular structures inside the T. brucei cell. B) After manual correction of the gold bead positions, the structures inside the cell appear normal and no distortion is observed. C) In TS Tb007, the reconstruction suffers from smaller artefacts compared to A. D) After correction of the fiducial positions, the small artefacts are no longer present.


[image: ]Figure S6. Evolution of the image content during the first two steps of Checkers. A large field of view and a two-stage zoomed area focusing on gold beads, have been included to better appreciate the image content. The input is a conventional image extracted from an aligned tilt-series (TS Tb002). After splitting the pixels, two images are created, a first one with even coordinate pixels and a second one with odd coordinate pixels. In the large field of view, the images appear dark because of the presence of black pixels (i.e., the ones that were just removed). This is a simple optic illusion, as can be observed on the highest zoom, the intensity of the remaining is the same (actually strictly the same) as that of the original ones. Note that at the splitting step, only half of the pixels are used as only pixels 1-1, 2-2, 1-3, 2-4, 1-5, 2-6, etc. are kept. The reason for keeping only half of the pixels is that this strategy produced higher-quality denoised reconstructions. The inpainting step reconstructs the missing pixels, generating two images which on the large field of view cannot be distinguished from the original image, but at the highest zoom, differences can be observed.

[image: ]Figure S7. Comparing the quality of data computed with various 3D reconstruction and filtering methods (large fields of view). The images show a single Z-slice (2 nm-thick) extracted from the 3D reconstructions. Each image represents a wider field of view than the ones presented in the main text (Fig. 6). A) WBP reconstruction. B) Median-filtered (3px wide, at the level of the tilt-series) WBP reconstruction. C) Low-pass filtered (radius 0.15, sigma 0.05, at the level of the tilt-series) WBP reconstruction. D) 10 SIRT iterations reconstruction. E) 20 SIRT iterations reconstruction. F) 30 SIRT iterations reconstruction. G) WBP reconstruction filtered with 10 EED iterations. H) WBP reconstruction filtered with 20 EED iterations. I) WBP reconstruction filtered with 30 EED iterations. J) Checkers reconstruction with 50 inpainting iterations. K) Checkers reconstruction with 150 inpainting iterations. L) Checkers reconstruction with 250 inpainting iterations. Scale bar is 400nm.

image4.png




image5.png
Raw GoldDigger Manually-corrected

fiducial coordinates fiducial coordinates

TS Tb002

TS Tb007





image6.png
Input

Split

Inpainting

Even

Odd

Even

Odd

Original field of view

Actual size:
1500 * 3000 px

S

1st zoom

Actual size:
100 * 100 px

2nd zoom

Actual size:
16 * 16 px





image7.jpeg




image1.png
o =) =)
=] =1

o f=} (=] (=] [=}
(=} [=1 =] o (=}
© A N & ¥ 9 *®
Fiducial residual in Y (pixels)
o
6 ©
e} o < o~ o ~N < 0

10

Fiducial residual in Y (pixels)

100

50

-100 -50

-150
Fiducial residual in X (pixels)

-250  -200

-300

15

-10

-15

Fiducial residual in X (pixels)




image2.png
R4TR
default

GoldDigger
default
B. merge

GoldDigger
default
A. merge

R4TR
fast

GoldDigger

GoldDigger
fast
A. merge

R4TR
default

GoldDigger
default
B. merge

GoldDigger
default
A. merge

RATR
fast

GoldDigger
fast
B. merge
GoldDigger
as
A. merge

R4TR
default

GoldDigger
default
B. merge

GoldDigger
default
A. merge

R4TR
fast

GoldDigger
fast
B. merge
GoldDigger
ast
A. merge

R4TR
default

GoldDigger
default
B. merge

GoldDigger
default
A. merge

R4TR
fast

GoldDigger

GoldDigger
asi
A. merge

TS Ec001

9000000000
5 0 15

0000000800
30 35 40

o ©

TS Ec002

R4TR
default

GoldDigger
default
B. merge

600000000060060000000,
5 10 0 25 30

GoldDigger
default
A. merge

o ©
L

R4TR
fast

GoldDigger

o ©

15 20 25 30 3
Length of gold bead chains

TS Ec003

40 45

fast
B. merge

10 15

GoldDigger
7

ast
A. merge

S o ©
«

15 20 25 30
Length of gold bead chains

TS Ec004

35

R4ATR
default

0 5
GoldDigger [

o @

default
B. merge t

0 5

GoldDigger [ T
default

A. merge

R4TR

fast

jec®eNe
15 20 25 30
Length of gold bead chains

TS Ec005

o oy ©
@

fast
B. merge

GoIdD\gger
fast
A. merge

;
0
E
[
0
GoldDigger £ T
L
0
0

i 20 %
Length of gold bead chains

TS Ec006

R4TR

|
Tetecstassiy ooe ]
30

10 15 35 40

default

GoldDigger

Lo

6000000000000000000°5808
5 10 15 20 25 30

default
B. merge

GoldDigger
default
A. merge

R4TR

o ©
[P P

;
:

fast

GoldDigger
fast
B. merge

5 10 15

GoldDigger

eves, J
40

A (XT3 5
15 20 25 30
Length of gold bead chains

TS Ec007

o o ©
«

0 5 10 15 20 25 30 35 40 45

’& T T T T T T T —
TeswResehTened tevise g ]

0 5 10 15 20 25 30 35 40 a5

0 5 10 15 20 25 30 35 40 45
£ T T T T T T T 1
0 5 10 15 20 25 30 35 40 a5
L L L L L ,feiFseestens oy L
0 5 10 15 20 25 30 35 40 45

Length of gold bead chains

as
A. merge L L L L

15 20
Length of gold bead chains

o O 1 O O O
@





image3.png
GoldDigger

ClusterAlign

oo, Gane
TS Fe01 N ere o o000,
B 8
.
Ty
Ca— E E R
Tl mgle (derec) Tt angle (degrec) Ti e (degrec)
Y
15 ket T ez 5 0z
2
w
% E Ca— N I ) E T N R R
it angl (degrec) iteangle (degree) T angl (degree)
a@
i TS 003 TS E0s 15 ke
B
2|
% w0 n R 2 a 2w e @ @ a m o @ e s
Tl imgle (derec) Tit gl (degrec) Ti e (degrec)
B .
o TS Ec004 orte, %00 Seng TS Eco04 sesonse 0 e ob
" e ®°, o o g% .
o
0 0 a0 TR W @ e m 40 o o a0 0
Tiltamgle (degroe) ‘Tilt angle (degree) Tiltangle (degrec)
10
TS 005 [I—_— E 15 kews
2 &
g
o & | | | | | |
% E o I G B b s @ e m
Tiltamgle (degroe) Tilt angle (degree) Tiltangle (degrec)
s so0us sesneay so0800 se.
g N o o
ot beee 1S Ec006 ® oee o é ) L sk
10 §
Do $
. |% s . J .

? [ 3] - - = L L L . o L s
<7 E o N I N S R
il angle (deree) Titangle (degree) Titangl (degeee)

2
¢ T T
TS Feon? &
TS Ee07 §
10 S
En BT g Ea EE] PTG S0 w0 40 e 80

Tilt angle {degree)

Tile angle (degree)

Tilr angle (degree)




