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Answering What and Where in complex samples: 
Advances in Imaging mass spectrometry and the 
impact of high resolution mass and ion mobility
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Part 1:
§ Imaging and sample selection
§ Sample prep and Ionization

Part 2:
§ Technology for analysis

Part 3:
§ Setup and data flow
§ Considerations for quantitation

Outline
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Informatics
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SELECT SERIES MRT Software

SELECT SERIES MRT 
Simplified instrument setup, usability and data export

Set Up

• User Centric 
Experimental 
Design

Acquire
• Compact File 

Sizes

Export
• Universal file 

format

Process

• HDI
• METASPACE
• SCiLS Lab
• Lipostar-MSI
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MRT Software

100-200 shots per pixel

depends on laser focus 

Change focus to get different spot sizes



6©2024 Waters Corporation

Define imaging Experiment Set step size x/y

Set scan time (~pixels/sec) Acquisition time is 
automatically calculated 
based on pixel and scan 
time

Select region to image

Imported 
scanned 
image

RealTime 
Viewer

Row Status

Green outline 
of selected 
region for 
imaging
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Waters Imaging Software Ecosystem
Waters MicroApps
(e.g., segmentation)
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HDI Software

Analysis
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HDI Software – Region of Interests (ROIs)

q Region of interest (ROI) can be created by drawing shapes using paint toolbar

q ROI facilitates ion intensities or mass spectrum of a specific area for further 
analysis (e.g., multivariate statistics)

ROI mass spectrum of 
Grey Matter

ROI mass spectrum of 
White matter
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Overlay of Multiple Ions and Histological (Digital Image) 
Overlay 

q Multiple ion image overlay shows single-color images of each ion, each pixel 
undergoes data set blend (add, max, min, intensity correlation)

q No limit on colors or number for a overlay, intensities of each ion can be defined

q Overlay molecular ion image over a histological image (or any digital image)

q Transparency and threshold of overlay can be defined

RGB Overlay

Digital Image Overlay

Digital Image Alignment
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Spatial Correlation

SIMILARITY OF DISTRIBUTION
q Image correlation filter for an ion ranks other ions based their co-localization
q High spatial correlation coefficient à similar distribution

isotopes
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MicroApps

https://microapps.on-demand.waters.com/
3 imaging MicroApps free to download and use via website above.

https://microapps.on-demand.waters.com/


Quantitation
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Optical 
image 
of the 

sample

Co-
registration 

of the 
optical 
image

Method set-up: imaging, 
type of experiment MS 

acquisition and 
processing parameters

Acquisition from 
MassLynx with 
optional auto-
processing of 

the data

Mining and 
visualization 

of the 
imaging 

data in HDI

Targeted MS Imaging Software workflow

§ Experiment types: MRM, MS, MS/MS (one transition) and SIR
§ Up to 32 MRM and SIR transitions
§ Addition of transition from library and from file
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Courtesy of 
Janssen, R&D, 
Belgium

DESI MSI LODs of theophylline, atenolol and ranitidine in high 
resolution untargeted full scan MS and targeted MRM modes
MSI Quantify microapp dilution curve for ranitidine (+)

1) High resolution untargeted full scan MS 2) Targeted MRM
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2) Targeted MRM1) High resolution untargeted full scan MS

DESI of dosed tissue of theophylline, atenolol and ranitidine in high 
resolution untargeted full scan MS and targeted MRM modes

Courtesy of 
Janssen, R&D, 
Belgium

• Theophylline, ranitidine and 
atenolol were IV 
administration at 2.5 mg/kg 
tp Sprague-Dawley rats.

• Gastrointestinal (GI) track 
(ileum) were collected at 4 
and 7 hours post dosed. 
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Targeted MS Imaging for endogenous biomarkers
lipid analysis (+) in mouse brain

734.5: PC (32:0),H+ 

756.5: PC (32:0),Na+ 

760.5: PC (34:1),H+ 

772.5: PC (32:0),K+ 

782.5: PC (34:1),Na+ 782.5: PC (36:4),H+ 

820.5: PC (36:4),K+ 

786.5: PC (36:2),H+ 
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• Obtain comprehensive and detailed spatial information with the low sample prep requirements of DESI

• Visualize and quantify known biomarkers, APIs, and metabolites at therapeutic and low biological 
concentrations

• Combine high sensitivity with higher throughput to handle imaging studies more efficiently

• Access quantification workflows for MS Imaging 

• Reduce the data size and interpretation burden of complex, full scan MS imaging data sets

• Add MSI analysis into a multi-modal imaging workflow with ease

• Achieve improved environmental sustainability and lower laboratory operational costs with an MSI system 
that uses 50% less electricity and gas and produces 50% less heat than most other QQQ systems

Targeted MS Imaging – A summary
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MSI Quantify MicroApp
§ Quantitative workflow

§ Dilution series + dosed tissue data loaded in a 
single project

§ Define Regions of Interest (ROIs) 

§ Generate standard curve from the dilution series 
data

§ Apply the standard curve to dosed tissue data



Wrap Up
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TARGETED DESI IMAGINGDISCOVERY IMAGING

Benchtop DESI MS

High Performance Flexiblity 

Full Spectrum 
Molecular IMAGING (FSMI) 
ie DESI XS & MALDI

MS IMAGING

DESI with IMSn

§ DESI XS and SELECT SERIES MALDI MRT

§ PPB mass accuracy

§ 200K mass resolution independent of scan speed

§ DESI XS and MALDI SYNAPT XS

§ Complementary IMS, SONAR & DDA for 
complex mixtures

§ DESI XS Xevo G2-XS

§ Perfect for entry level 
imaging & 
discovery platform with 
SONAR

§ DESI XS SELECT SERIES DESI XS Cyclic IMS

§ Scalable IMS with unique IMSn capability

§ 100K Mass Resolution

§ DESI XS Xevo Absolute



Thank you for your attention!
Any questions?
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Thoughts to take away…

§ Mass Spec Imaging with DESI XS requires limited  sample preparation and is now a user-friendly 
technique

§ It determines where things are in samples (localisation) and show compound differences between samples
§ DESI XS can be combined with a variety of different Waters mass spectrometers to address a range of 

challenges



24©2024 Waters Corporation

Encoded Frequent Pushing (EFP) – Conceptual Framework

T0 T1 T2 T3 Tn
T0

T1

T2

T3

∑  Multiplexed Spectra 
(encoded)

§ Duty cycle is improved by pushing ions into the TOF before ions from previous pushes have reached the detector

§ Ions are pushed in multiple defined (encoded) pushes that overlap and decoding with statistical method to demultiplex final spectra

§ Benefits are an increase in sensitivity, better mass accuracy (more ions per signal = better peak shape), reduced background noise (decoding is 
statistical and random noise is classed as ‘incoherent’ and removed)

∑  Demultiplexed Spectra
(decoded)
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