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This paper gives a short overview of work described in a technical
report by the same authors [3], which is available upon request.

ABSTRACT

Mass spectral imaging (MSI) or imaging mass spectrometry
is a developing technology that combines spatial information
with traditional mass spectrometry. It enables researchers
to study the spatial distribution of biomolecules such as pro-
teins, peptides, and metabolites throughout organic tissue sec-
tions. MSI has particular merit in exploratory settings where
there is no prior hypothesis of relevant target molecules. It is
rapidly becoming a potent exploratory instrument for tissue
biomarker studies.

MSI is a high-throughput technique that mines massive
amounts of measurements from a single tissue section. As
various parameters such as the covered tissue surface area,
the spatial resolution, and the extent of the mass range grow,
MSI data sets rapidly become very large, making analysis from
a computational and memory standpoint increasingly diffi-
cult. In this paper we introduce the discrete wavelet trans-
form (DWT) as a means of reducing the dimensionality of
the data,while retaining a maximum amount of biochemical
information. The DWT delivers a more compact description
of each mass spectrum, expressed as wavelet coefficients. The
efficacy of performing analyses directly in the DWT-reduced
space is illustrated using unsupervised trend detection via
principal component analysis (PCA) on the MSI measurement
of a sagittal section of mouse brain.

Categories and Subject Descriptors

J.3 [Life and Medical Sciences]: Biology and genetics; G.1.2
[Numerical Analysis]: Approximation— Wavelets and fractals;
1.5.2 [Pattern Recognition]: Design Methodology— Pattern Analy-
sis; 1.4.2 [Image Processing and Computer Vision]: Compres-
sion (Coding)—Approzimate methods
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1. INTRODUCTION

MALDI-based imaging mass spectrometry (MSI) [2] pre-
serves the link between a spatial tissue location and a bio-
chemical characterisation of what was found there. It uses the
molecular specificity and sensitivity of normal mass spectrom-
etry to collect a spatial mapping of biomolecules (or rather
their ions) from a tissue section. Meistermann et al. [1] give
an example of its use in biomarker discovery. Fig. 1 shows an
overview of an MSI experiment. A more thorough treatment
is available from Stoeckli et al. [2] and Van de Plas et al. [4].

The result of an MSI experiment consists of a grid of mea-
surement locations or ’pixels’ covering the tissue section, with
an individual mass spectrum connected to each pixel. The
data structure can be considered as a three-mode array with
two spatial modes (z and y) and one mass-over-charge mode
(m/z). In this paper, principal component analysis (PCA) is
used to decompose high-dimensional MSI data into a reduced
set of uncorrelated biochemical tissue trends [4].

The size of an MSI data set is primarily influenced by two
parameters: the number of measurement locations or pixels
and the number of scanned m/z-bins. The pixel number in-
creases as the tissue surface area that needs to be covered
grows larger or the spatial resolution becomes higher. The
number of m/z-bins is proportional to the extent of the mass
range and the granularity of the mass resolution. As this
technology develops, both parameters get pushed upward and
data sets appear that stretch the computational and memory
resources generally available or challenge the scalability of the
algorithms that operate on them. Due to its multiway nature,
MSTI has, more so than standard mass spectrometry, a need for
strong dimensionality reduction methods with minimal loss of
biochemical information.

2. METHODS

In response to the issues raised in section 1, this paper intro-
duces the discrete wavelet transform (DWT) as a method for
reducing high-dimensional MSI data into a lesser-dimensional
space with most relevant information left intact. The capa-
bility for operating analyses directly in the reduced space is
demonstrated using trend detection via PCA [4] with satisfac-
tory results. The general method is explained in [3] and Fig.
4, while section 3 demonstrates the procedure on a mouse
brain case study.
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Figure 1: Overview of an MSI experiment on spinal
cord. (wet-lab) A tissue section is cut using a micro-
tome, mounted on a target plate, and covered with
an appropriate chemical matrix to enable ionization.
(mass spec) Individual mass spectra are collected
from the tissue area of interest, while their spatial
(in silico) The data is

relationships are retained.

Figure 2: (top) Picture of the
sagittal mouse brain section im-
aged in section 3. (bottom) Ion
image showing the presence of
m/z 14148 primarily in the cor-
pus callosum and the lateral cere-
bellar nucleus.

collected into a three-mode array for analysis.

Figure 4: Overview of the DWT-
based PCA decomposition of MSI data.
DWT is used to reduce the feature
space, and PCA is performed in the re-
duced space.
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Figure 5: Non-DWT-based principal compo-
nents. These are the three most important PCs
found via direct application of PCA. They chem-
ically delineate a number of known anatomical
zones in the mouse brain (e.g. corpus callosum).
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Figure 3: A multiple-level DWT performed on
a mass spectrum from the case study of section 3.
The chosen wavelet is db5 (top-right) and the de-
composition tree has a depth of three levels. The
profile of the original mass spectrum s is well pre-
served in approximations al to a3, while the re-
quired coefficients describing the waveform have
been reduced from 6490 to 819.
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Figure 6: DWT-based principal components.
These are the three primary PCs found via the
method of Fig. 4. Although PCA was applied
in the lower-dimensional coefficients-space, it
yields almost identical results (see Fig. 5).

3. CASE STUDY

To establish an empirical test case, this section applies both
the DWT-based method as well as direct PCA to the MSI
measurement of a mouse brain section. The goal is an assess-
ment on a real example of how well the information in the
data set is retained, given a serious reduction in dimension-
ality. The example also demonstrates whether results from
factor analysis methods such as PCA that are performed in
the coefficients-space, approximate or retain relevance to re-
sults directly from the original m/z-space.

4. CONCLUSION

The excellent compression characteristics of the DWT pro-
vide us with a means of dimensionality reduction that retains
the mass spectral information to a high degree while offering
significant reductions in resource requirements. In this paper
we have shown specifically that resource-hungry operations,
such as biochemical trend detection via PCA, can be per-
formed directly on the compacter description of the data with
meaningful biochemical results that deviate little from non-
DWT-reduced results. The approach has calculation time re-
ducing, noise removing, and memory requirements dimishing
aspects that can be useful in any MSI context. Additionally,
it holds promise as a tool to make multivariate exploration
feasible on very large MSI data sets, that might otherwise
surpass available resources.
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