New features in Look@NanoSIMS:

iIsotopic reconstruction in 3D and correlation with ultra-high resolution electron microscopy

Lubos Polerecky, Michiel Kienhuis

3D variation of the isotopic composition within microbial cells

Analysis:

Measure secondary ions until sample completely eroded
Typically: a chain analysis with 1000 planes per file
recommended: keep dwell-time at 1000 uys/px to minimize effects
of image drift that cannot be corrected for by data processing

variable dwell-time can be accounted for later

Select *.IM or *.IM.zip File (+Ctrl For multiple)

Look In: [C3 2020-03-26-ELFIL - @[

(3 2020-03-26-ELFIL 2 B 2020-03-26-ELFIL_4.im.zip
(3 2020-03-26-ELFIL_3 B 2020-03-26-ELFIL_5.im.zip
3 2020-03-26-ELFIL 8 B 2020-03-26-ELFIL_6.im.zip
SR NERIET STV S 2020-03-26-ELFIL_7.im.zip

(3 2020-03-26-ELFIL_b200 |=[rlspleRecirlsR SN =Ny :ls
(3 2020-03-26-ELFIL_b50

E) 2020-03-26-ELFIL_1.im.zip
B 2020-03-26-ELFIL_2.im.zip Step 3
B 2020-03-26-ELFIL_3.im.zip

File Name: im.zip" "2020-03-26-ELFIL_7.im.zip" "2020-03-26-ELFIL_8.im.zip" |

Files of Type: |Compressed Cameca IM file (*.im.zip) v‘

[ open || cancel |
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Ask for range of planes and masses before loading

Dead-time & QSA correction settings

Shift columns or rows when loading raw data 4
Load RAW dataset Ctr+D
Load+accumulate+display RAW or PROCESSED dataset CtriH .

dression scale BW
Load multiple RAW datasets in blocks S

12C+13C) |[0.007 0.021l 1
Load ACCUMULATED data Ctr4B
Load FULL PROCESSED data e [SN/(12€14] [0.002 0.02] [
Display XYZ stacks cukz  [SNfplane/p | [001] | []
Autoscale plane images plane/pixel [ [03] H|
Display plane images for all masses 13C | [0 300] |
Display alignment mass Ctrl+N 12¢C | [03815] | [J
Accumulate plane images Ctr+U ot I 01 0
Autoscale accumulated images Ctr+E

! ) ext | [01] v

Display accumulated images for all masses Culk |
Change resolution of accumulated masses bn options

e = L8 aale =1l
Base mass for alignment 12C14N

Steps 1 &5
Base image for alignment 1
Special region for alignment x|[14:121] | y| [5:113] [] Translate ROIs: x [T y IT

Output options (see also "Preferences -> Additional output options*)

[v| Display images [ Display histograms [ ] Combine images as RGE [ | Plot x-y-z graph
[ Include ROI outlines (color rw— [v| Pixel by pixel ~ R/x: [_ Gly:|2 | Bz |?
[] Zero values outside ROIs [l ROI-averaged For classes: ’7
[] Modulate hue by intensity (mass ’T) v Graph/image title: l—
L] Log10-transform [ Display lateral profiles [v| Export ASCII data

["] Display depth profiles in ROIs [] Compare ROIs Ivl Export PDF graphics

Enter block size. Planes in each block will be aligned and accum
treated subsequently as single planes:
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ROI definition template 12C14N
[11]

Special region for alignment x| [9:127] | y| [7:125] [] Translate ROIs: x| 1 |¥y| -1
> Output options (see also "Preferences -> Additional output options")
[ Display images [ Display histograms [ '] Combine images as RGB
[] include ROI outlines (color w

L] Plot x-y-z graph
v Pixel by pixel  Rix: [_ ny:|? B/z |?
[ ] Zero values outside ROIs [ | ROI-averaged For classes: li
[v| Graph/image title: l—
[v] Export ASCII data

[v! Export PDF graphics
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I_!-W_mage scale | 0.

80 100 120
[v] Show depth variation [ ] Export lateral profile as ASCII & EPS
[ Show normalized in one graph [[] Export image with the profile line
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Correlation with ultra-high resolution electron microscopy images

Analysis:

Acquire ultra-high resolution image of the sample
* For example, using electron microscopy (TEM or SEM).
« Typically: imaged area 20—30 um, pixel resolution 3000-4000 pixels.

Figure 31

20x20um 128x128pix 300 planes (29.08.18@12:16; 1 ms
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Special region for alignment x|[14:121] | y| [5:113] [] Translate ROIs: x| 1 |y| -1

Output options (see also "Preferences -> Additional output options")
lv| Display images [ Display histograms [/ Combine images as RGB  [v Plot x-y-z graph

Step 5
[resized: 2560x2560pix1] |
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Ask for range of planes and masses before loading

Dead-time & QSA correction settings
Shift columns or rows when loading raw data »

Load RAW dataset Ctr+D ONGES_1

Load+accumulate+display RAW or PROCESSED dataset Ctri+L
Load multiple RAW datasets in blocks

Load ACCUMULATED data Ctr+8
Load FULL PROCESSED data comn  [ONA12C14) [[0.002 0.02) [
SNjplane/p [ [0.011 | (]

[03] L]

Jression scale BW
(12c+13C) | [[0.007 0.02] L[]

Display XYZ stacks

e o ale plane image
Display plane images for all masses
U play allg e d

[0300] | L]
{ [03815] | L]
Accumulate plane images Ctr+u 120+130) | 0001 [
Autoscale accumulated images Ctr+E
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Display accumulated images for all masses CtrHK

vl Align images when accumulating efinition template 12C14N
Base mass for alignment Im Smoothing kernel ]T
Base image for alignment 1

Special region for alignment x|(14:121] y| [5:113] [ Translate ROIs: x| 1 |y| -1

Output options (see also "Preferences -> Additional output options")
[v| Display images [ Display histograms [ ] Combine images as RGB (v Plot x-y-z graph

[v] Include ROI outlines (color w [] pixel by pixel ~ R/x: |T Gfy:|2 | B/z [_
[] Zero values outside ROIs [v| ROI-averaged For classes: [—
[[] Modulate hue by intensity (mass IT) [v] Graph/image title: l—
[ Log10-transform [] Display lateral profiles [v| Export ASCIl data

[_] Display depth profiles in ROIs [[] compare ROIs [¥ Export PDF graphics

A

LANS input

Specify magnification factor, M. To enlarge the image, use M>1, where M must be
integer. To shrink the image, use M<1, where 1/M must be integer.
o |

OK Cancel

LANS warning

Images resized by a factor 20.0 using the NEAREST method.

1. This also changed the ion counts by a factor 400.00. You may need to
change the scale of the images to display them properly.

2. Additionally, you may need to update the ROl image by reloading it from
disk to account for this change in resolution.

OK

A
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Ask for range of planes and masses before loading

Dead-time & QSA correction settings

Shift columns or rows when loading raw data »
Load RAW dataset ctr+D
Load+accumulate+display RAW or PROCESSED dataset cCtr+L
Load multiple RAW datasets in blocks
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Output options (see also "Preferences -> Additional output options")
[v| Display images [ Display histograms [ ] Combine images as RGB [ Plot x-y-z graph

include ROI outlines (color | w | [l Pixel by pixel  Rixi[1] G 2] Brz[ |
[} Zero values outside ROIs [v] ROI-averaged For classes: [—
[[] Modulate hue by intensity (mass IT} ¥l Graph/image title: ’—
[J Log10-transform [| Display lateral profiles [v| Export ASCII data

[] Display depth profiles in ROIs [] Compare ROIs [v| Export PDF graphics
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Align external and nanosims images
Select aligned external image
3D overlay masses with external image

3D overlay ratios with external image
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Data processing in Look@NanoSIMS:

1. Define how the planes will be aligned and accumulated in blocks.

2. Load multiple raw datasets in blocks.

3. Select input datasets (hold Ctrl to select multiple input files).

4. Define number of planes per block. It can vary among input
datasets, but it can also be set as constant for all datasets.

5. Align and accumulate all planes.

6. Define expressions for ion count ratios.

7. Select “Display lateral profiles”.

8. Select ion count ratio from the top pop-up menu, define a lateral
profile as a polyline, and specify the profile thickness.

9. Select “Show depth variation”, select multiple ion count ratios in
the bottom list, and click on “Display lateral profiles”.

10. Inspect the data.

11. At the end, save the full processed dataset in a mat file. This will

eliminate the need to perform steps 1-5 if you want to analyze the

same data again.
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Output options (see also "Preferences -> Additional output options®)
[] Display images [ Display histograms [] Combine images as RGB [ | Plot x-y-z graph

[J Include ROI outlines (color ,T [v| Pixel by pixel ~ Rjx: [— Gly:|2  B/z [8—
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['] Display depth profiles in ROIs ["] Compare ROIs [v| Export PDF graphics

Measure secondary ions from (roughly) the same area
« Typically: pixel resolution of 256 or 512 pixels (i.e., roughly 10-fold lower)

Align external and nanosims images
File

Action Zoom _Help
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Load nanosims image Ctr+N
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Issue: the two types of images are distorted relative to each other (due to image drift during lengthy NanoSIMS measurements)

Align external and nanosims images
~ File WX«{GIJ@ Zoom Help

Step 10 .

Interactive alignment CriH

Alignment based on N=2 points Ctrk2 [ Log-scale NanoSIMS image (] Log-scale
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Decrease transparency Ctrl+2
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Align external and nanosims images
Select aligned external image
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Accumulation options
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Data processing in Look@NanoSIMS:

1. Load and process NanoSIMS data in the usual way.

2. Resample the processed NanoSIMS data.

3. Specify the magnification factor to match the resolution of the ultra-high
resolution EM image.

4. Auto-scale the resampled NanoSIMS dataset.

o

Display accumulated images for all masses to verify the resampled

NanoSIMS data.

6. Export mass or ratio images as mat files of the correct pixel resolution
(using Output — Display masses or Display ratios).

7. Align the external (EM) image with the resampled NanoSIMS image.

8. In the new window, load the external (typically TIF format) and
resampled NanoSIMS (mat) images.

9. Define matching reference points (interactively, using the Action menu).

10. Align images based on the reference points. Modify transparency to
Inspect the result.

11. When satisfied, save reference points and export the aligned external
Image. Recommended: use the magnification factor in the output
filename (e.qg., refpoints-20x, SEM-aligned-20x) for future reference.

12. Import aligned external image into Look@NanoSIMS and use it as one
of the masses (named ext) to define ROls, produce overlays, etc., to
further process the correlated data.

13. At the end of processing, remove the external image from

Look@NanoSIMS (by selecting “External” — “Select aligned external

Image” and clicking “Cancel”) and save preferences.



