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Mass spectrometry imaging enables molecular microscopy




Mass spectrometry imaging enables molecular microscopy

Endogeneous and exogeneous analytes

Proteins/Peptides

Metabolites

Glycans

Lipids




Mass spectrometry imaging in tumor research
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Challenges in MSI data analysis

Our solutions

= Galaxy

PROJECT

* Large datasets

* Spatial dependence between spectra

J L;f * Diverse mass spectrometers and analytes

: P ially solved in the fiel
* Analyte identification Ongzn?‘fnfgz gpi?o\;e_i(l:r_wl\tﬂse/wngd,

Cardinal

O » Reproducibility via shared data and code = Galaxy

PROJECT




MSI data analysis tools in Galaxy

Quality File Prepro- Annota- _ Visuali- |dentifi-
: : : Statistics . .
Control Handling cessing tions zation cation
. : MSI . : .
MSI combine S| : Scale image > . MSI mz images || Join two files
Qualltycontrol preprocessing segmentation
M| filtering MALDIqua.nt Lar:mdma.rk MSI single .|on MSI plot
preprocessing registration segmentation spectra
MSI data MALDIquant Overla MSI
exporter peak detection Y classification
Coordinates of MSI
ROls colocalization
Tools based on Projective Availability
transformation
MALDIquant ¥ scikit-image Switch axis B qa!aFva *  https://usegalaxy.eu
coordinates ‘Hﬁ!ﬁgy * https://toolshed.g2.bx.psu.edu
iy * https://github.com/foellmelanie/

Fo6ll, M.C. et al. Accessible and reproducible mass spectrometry
imaging data analysis in Galaxy. Gigascience. 8, 628719 (2019)

docker-galaxy-msi




File formats: composite

imzML open standard file format

XML file (*.imzML)

Filel: imzML

contains the metadata

XML (mzML based)
extended controlled vocabulary

Composite upload in Galaxy

Download from web of upload rom disk

s 1. Choose ‘compaosite’

Description

v The wwrML venm—s s

v T v et b crwymet

intensity array,
intensity array,

binary file (*.ibd) File2: ibd
contains the mass spectra
either or
Continuous Processed

m/z array,

m/z array,

3. Select ‘imzml' and ‘ibd' file

2. Select type ‘imzml’
* 4. Press ‘Start’, then 'Close’

Composive Ty Q Cmemanrmen Bay o0 +

Oone

intensity array,

intensity array,

intensity array,

intensity array,

intensity array,

Alternative file format:
Analyze 7.5 = hdr + img + t2m

Schramm, Thorsten, et al. "imzML—a common data format for the flexible exchange and

processing of mass spectrometry imaging data." Journal of proteomics 75.16 (2012): 5106-5110.

Ywishlist

e Tests tor composite upload (imzML and Analyze 7.5)
for new Galaxy versions
e Parallel upload of multiple composite files (collection)



File sizes

Depend on: File sizes of our raw files:

 Size of the tissue / sample 0.5 - 800 GB (single file)
* Type of mass spectrometer

. Optlons.set in the.mass spectrometer YWishlist
* Spatial resolution * |deas / Suggestions for resulting problems:
 Mass resolution * Need >>> 250 GB available per user in EU
 Jlon mob|||ty * Need this for >>> 1 year

 Adjustment of cores and RAM
for MSI tools according to input
file sizes?

 Profile or centroided data

profile centroided
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Urothelial carcinoma cohort - Workflow
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Foll, M.C. et al.,
Clinical Proteomics 2022



Urothelial carcinoma cohort - Workflow
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\/ e Option to ,lock” published histories



Urothelial carcinoma cohort - Workflow
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Yeishlist continued...

number of discriminative m/z values

* Barplots

* Boxplots

e Scatter plots
* Line plots

* Heatmaps
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100

[
S

)
=3

5

N
S

number of discriminative m/z values

2 3 4 5

number of samples

1 2 3 4 5 6
number of samples

mean intensity

Basic visualizations in publishable quality for tabular files

® LMED © LMSG © LMGE ® LM
sample ® LMS1 © LME3 o LMES © MSTI7
@ LMS5 © LMBS ® LM7E © MST20

BT 36 [ 0132 I a0 68 52051 [ 30 53 04337 1 0445 I BT 4 ][ 056 50 [ 1028 5
ns [ ns " v . ns v s .
I I 1 [ 1 I 1 [ 1 I Ld
100 -
P
- 8 - q .
- &
50 —
o * -
L] . ® - -]
P ° a ® . -
o® e @ f ¢ *
- r L] b
L]
L] Q
o o B »
3 . I.@ . - © [
0 o1 *loe b |
other tumor  ofner twmor  other tumor  other tumor  other tumor  other tumor  ofher Wwmor  other tumor  other tumor  other tumor




‘f\’/vishlist continued...

e Option to confiugure output file from normal tool run

Dataset name
Tags

Configure Output: 'out_filel' =

Label

Provide a short, unigque name to describe this output.

Rename dataset

This action will rename the output dataset. Click here for more information. Valid input variables are:
= input(lnput file)

Change datatype
Leave unchanged -

This action will change the datatype of the output to the indicated datatype.
Add Tags

This action will set tags for the dataset.

Remove Tags

This action will remove tags for the dataset.

Just like in the workflow editor...




Acknowledgement

> I

s MALDI imaging group

Schilling Lab Freiburg

. H Balint Barta Oliver Schilling
MEDICAL SCIENTIST PROGRAMME Nadine Meier Maren Stillger
Larissa Meyer Niko Pinter
Johanna Thiery Jenny Li
Andreas Weber Lennart Moritz
Flo Wiedemann Veronika Volkmann

Institute of Surgical
Pathology Freiburg
Kathrin-Enderle-
Ammour

Peter Bronsert
Anna Frey

Martin Werner

Galaxy Team Freiburg
Bjorn Gruning

Galaxy Community

Northeastern University Boston
Olga Vitek

Kylie Bemis

Dan Guo

Sai Lakkimsetty




Mass spectrometry imaging @pathology in Freiburg
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Mass spectrometry imaging
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1) Urothelial carcinoma classification & IHC

Tumor vs. stroma
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Galaxy MSI tutorials

1) Distribution of volatile 2) N-linked glycan distribution
metabolltes in a chilli section in mouse kidney tissue
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