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(IMPORT, LOGICIELS COMMERCIAUX ET LIBRES, INTERPRÉTATION DE SPECTRES,

ANALYSE STATISTIQUE DE GRANDS JEUX DE DONNÉES)
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OUTLINE

➢ DATA PROCESSING: IMZML AND FREE / OPEN SOURCE SOFTWARE

➢ TOWARD MULTIMODAL IMAGING
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DATA PROCESSING: TOWARD A COMMON FORMAT IMZML
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imzML = Flexibility + Exchangeability + Diversity

➢ Workflow for MS imaging based on the imzML format: 

➢ MS imaging datasets obtained from different instrumental systems 

(ThermoFischer Scientific, Bruker Daltonics, AB Sciex, IonTOF, Shimadzu 

and Waters)

➢ Converted to imzML 

➢ Data is displayed with identical parameters in the software packages

Existing MS software are often limited to proprietary data formats and make only limited 

use of MSI information. Several software tools have been developed to enable the 

flexible exchange and processing of MSI data, using a common format called imzML for 

“imaging mzML”.



DATA PROCESSING: TOWARD A COMMON FORMAT IMZML
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T. Schramm et al, J. of Proteomics, 2012, 75, 5106-5110.
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DATA PROCESSING: RAW TO IMZML CONVERTER



DATA PROCESSING: IMZML CONVERTER
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➢ RAW (ThermoFischer): “Raw to imzML” (JLU)

➢ GRD (IonTOF), Analyse (AB Sciex, Shimadzu), FID (Bruker): “ToimzML ModuleCea” (CEA)

➢ RAW (Waters) : “High Definition Imaging” (Waters Corporation)

➢ mzML: “imzML Converter” (Birmingham) and  “mzml_to_imzml” (J.T. Prince)

➢ FID (Bruker): “Bruker to imzML” (FlexImaging)

➢ WIFF, FID, BAF, RAW…: “MSconverter” (ProteoWizard), conversion in an intermediary format: mzML

➢ ASCII…: “ASCII to imzML” (Bayreuth)

For more information: https://www.ms-imaging.org/imzml/
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➢ MSIReader v2 : Statistical analysis, Classification, Quantification, etc. (David C Mudiman, Meredith C Muddiman, 

NC State University, MSI Software Solutions)

➢ Quantinetix (MultiImaging): Quantification, etc. (J. Stauber, ImaBiotech/Aliri)

➢ MALDIVision: ROI, Overlay of several masses up to 10, Co-registration, 3-D, etc. (PREMIER Biosoft)

➢ SCiLS: statistical analysis, overlay, co-registration, etc. (D. Trede, Bruker)

➢ LipoSTAR : Annotation, statistical analysis, overlay (Molecular discovery)

COMMERCIAL
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➢ SpectViewer: Comparison between images, Clustering, etc. (J.P. Both, CEA)

➢ DataCube Explorer: ROI (I. Klinkert, AMOLF)

➢ Mass Image Viewer: Read large data 100GB (K. Takahashi, AIST)

➢ msIQuant: Quantification, Co-registration, etc. (P. Källback, P. Andrén, Uppsala University)

➢ BioMap: Overlay of different masses, ROIs, etc. (M. Stoekli, Novartis)

➢ OpenMSI: Statistical analysis, etc. (B. Bowen, O. Rübel, Lawrence Berkeley National Lab)

➢ Mirion: Overlay of different masses, Fast images generation, Normalization of images, etc. (A. Hester, JLU)

FREE

https://www.ms-imaging.org/imzml/software-tools/
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➢ Cardinal: 3D images,  Statistical tools, etc. (K. Bemis, O. Vitek, Purdue University) - R

➢ omniSpect: Multivariate analysis, etc. (M. Parry, Georgia Institute of Technonolgy) - Matlab

➢ MSI.R: Overlay of different masses, Co-registration, etc. (R. Winkler, CINVESTAV) -R

➢ METASPACE: Database annotation, Statistical tools, etc. (T. Alexandrov, EMBL Heidelberg) - python

➢ MSiReader v1: Overlay of different masses, Classification, Quantification, etc. (W.M. Keck, NC State University) - Matlab

➢ SpectralAnalysis: ROI, Statistical tools, etc. (A. Race, J. Bunch, National Physical Laboratory and University of Bayreuth) - Matlab

➢ Esmraldi: Co-registration, statistical tools, multimodal imaging, etc. (F. Grélard, CBMN) - Python

➢ Napari (MSI package) : imaging software (similar to ImageJ) with a MSI package for ,imzML - Python

OPEN – SOURCE

https://www.ms-imaging.org/imzml/software-tools/
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DATA PROCESSING: METASPACE
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DATA PROCESSING: MSIREADER
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DATA PROCESSING: ESMRALDI
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MALDI MASS SPECTROMETRY IMAGING: TOWARD MULTIMODAL IMAGINGMALDI MASS SPECTROMETRY IMAGING: TOWARD MULTIMODAL IMAGING – WHY?

➢ Spectral discrimination effects (ionization yields in complex mixture).

➢ Lack of (i) molecular information for some compound classes (proteins, polysaccharides, nucleic acids, etc.),

Specific sample preparation

➢ (ii) correlation with anatomical structures or cellular types, 

Spatial resolution

➢ (iii) correlation with morphological nature of tissue, 

3-Dimension imaging

➢ (iv) computational strategy for multimodal imaging

Dedicated software?

Multimodal Imaging

Because no individual

technique provides optimal

answer to all question, it is

highly attractive to combine

information from two or more

measurement platforms.
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MALDI MASS SPECTROMETRY IMAGING: TOWARD MULTIMODAL IMAGINGMALDI MASS SPECTROMETRY IMAGING: TOWARD MULTIMODAL IMAGING – BENEFITS

➢ Multimodal imaging is becoming a grand challenge in chemical analysis.

➢ To compensate for the limitation of individual imaging techniques,

➢ To obtain more complementary chemical information,

➢ To elucidate the biochemistry (multi-omics investigation) of tissue samples,

➢ For a better understanding of pathologies.

Which combinations
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MULTIMODAL MALDI-MSI: CHOICE OF THE MODALITIES

M. Tuck, L. et al, Multimodal Imaging Based on

Vibrational Spectroscopies and Mass

Spectrometry Imaging Applied to Biological

Tissue: A Multiscale and Multiomics Review.

Analytical Chemistry 2021 93 (1), 445-477. DOI:

10.1021/acs.analchem.0c04595
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MULTIMODAL MALDI-MSI: HOW TO CONSIDER IMPACT OF MULTIMODAL IMAGING?

➢ Multimodal imaging to guide acquisition

M. Tuck, L. et al, Multimodal Imaging Based on Vibrational Spectroscopies and

Mass Spectrometry Imaging Applied to Biological Tissue: A Multiscale and

Multiomics Review. Analytical Chemistry 2021 93 (1), 445-477. DOI:

10.1021/acs.analchem.0c04595



➢ Multimodal imaging to guide acquisition
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M. Tuck, L. et al, Multimodal Imaging Based on Vibrational Spectroscopies and

Mass Spectrometry Imaging Applied to Biological Tissue: A Multiscale and

Multiomics Review. Analytical Chemistry 2021 93 (1), 445-477. DOI:

10.1021/acs.analchem.0c04595

MULTIMODAL MALDI-MSI: HOW TO CONSIDER IMPACT OF MULTIMODAL IMAGING?

➢ Multimodal imaging to guide data processing
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MULTIMODAL MALDI-MSI: ANALYTICAL & COMPUTATIONAL STRATEGIES

M. Tuck, L. et al, Multimodal Imaging Based on Vibrational

Spectroscopies and Mass Spectrometry Imaging Applied to

Biological Tissue: A Multiscale and Multiomics Review.

Analytical Chemistry 2021 93 (1), 445-477. DOI:

10.1021/acs.analchem.0c04595



23

20210330_293x502_25um_mouse_liver__DAN_neg_mode_200-2000mz_70K_Laser37_5p5kV_350C_Slens90_Line_leftright_delta_z_centroid #66377-66386
T: FTMS - c MALDI Full ms [200.0000-2000.0000]
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Résolution latérale 5µm

Changer de paradigme en MSI : 
Ne plus raisonner en termes de pixels mais de cellules

MULTIMODAL MALDI-MSI / IF: APPLICATION ON MOUSE SPLEEN

➢ Objectif: Corréler images ioniques avec les types cellulaires

➢ Préserver l’intégrité du tissu entre les deux acquisitions (rendre MSI compatible avec IF)

➢ Aligner précisément les jeux de données (marques fiduciaires gravées au laser)

➢ Analyser les données fusionnées (stratégie computationnelle)



Thank you for your attention
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