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learning methods for analysis of MALDI-TOF mass spectra
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Abstract

The use of Matrix Assisted Laser Desorption lonization - Time of Flight Mass Spectrometry
(MALDI-TOF MS) represents a promising alternative to conventional molecular, phenotypic or
biochemical microorganism identification methods [1]. Nevertheless, some significant
limitations remain that must be addressed before the approach can be considered fully reliable:
while the mass spectrometer provides robust identification at the species level, its
discriminatory power remains insufficient for consistent strain-level resolution [2]. Besides, the
analytical performance of the instrument is significantly challenged when there are multiple
strains mixed within a sample [3].

Therefore, an in-depth analysis of the spectra is needed to discriminate microorganisms at the
strain-level and to take full advantage of MALDI-TOF mass spectrometry for routine microbial
identification. The performance of statistical approaches, including Functional Partial Least
Square Discriminant Analysis (FPLS-DA), and deep learning architectures, such as Functional
Neural Networks [4], using the functional structure of spectra, is evaluated. During the initial
phase of analysis, an average classification accuracy of 90% is achieved for strain-level
assignment, using a training set comprising seven biological replicates for each of six
Streptococcus thermophilus strains studied.

This work constitutes a proof of concept and suggests that a compromise can be reached
between limited data acquisition and robust strain-discrimination performance in both mono-
and multi-strain samples. The results reported here provide a base for the development of an
automated microorganism-identification workflow by combining standardized sample
processing, reproducible MALDI-TOF spectral preprocessing and functional classification
methods.
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