K e

FAL (B 24y BF)

¥R F S

pill

PN GO A AF

FALR G DR

AL Fm 30 H

ZH —EX

At (BR)

b K B 2200 5

2020 29 A 28H

AR TER B AR

AL BRI 65 55 1% Y

Untargeted Metabolomics: Data Analysis Platform for All-Ion

Fragmentation Mass Spectrometry
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New technologies make a leap forward in research fields by inspiring ideas and
requiring new methods. As genetics has been advanced with DNA sequencers,
metabolomics has gradually matured with mass spectrometry. Liquid chromatography-
tandem mass spectrometry (LC-MS2) is a common technology for metabolomics studies.
Major metabolomics experiments are roughly classified into two groups, targeted- and
untargeted. metabolomics. While targeted metabolomics aims to quantify pre-defined
compounds with high accuracy, untargeted metabolomics tries to detect and identify as
many compounds as possible for discovery studies. For reliable compound
identification and estimation, MS2 spectrum is utilized because the fragmentation
pattern of each molecule is consistent under the almost same experimental settings. In
classical acquisition methods, a precursor fon is selected to acquire MS2 spectrum from
co-eluting compounds. In contrast, All Ion Fragmentation (AIF) can generate all MS2
spectra by setting quite large m/z range (e.g. 40-1200 Da). Although AIF-MS is
unbiased and reproducible, the acquired MS2 spectra are highly complex and difficult
to interpret.

To solve the complex AIF MS2 spectra, I have developed a new Correlation-
based Deconvolution (CorrDec) method. The CorrDec method utilizes intensity
correlation between precursor ion and its fragment ions among samples. As a
demonstration of CorrDec, it was applied to two datasets: dilution series of chemical
standards and a 224-sample urinary metabolomics cohort. The serial dilution study
showed that the peak intensities of fragment ions were highly correlated with their

precursor ions. In the urine cohort study, 105 compounds were identified and CorrDec



could generate clean MS2 spectra for 85 compounds out of them (>80% MS2 match
with reference). CorrDec can separate completely co-eluting compounds and work well
in even low concentration compounds. Consequently, CorrDec enables more reliable
compound annotations and identifications in multi-sample studies for untargeted
metabolomics.

In order to confidently annotate and identify compounds in LC-MS2 data,
reliable chemical standard libraries including three orthogonal propertics—accurate
mass (AM), retention time (RT), and MS2 spectrum—are required. In AIF projects, an
MS2 spectrum is generated from a mixture of several adduct types and isoforms;
therefore, MS2 spectral library measured by AIF mode can improve the quality of
compound identification. However, AIF MS2 spectrum contains many noise peaks even
in the measurement of a standard. 1 describe a workflow to confidently obtain AM, RT,
and MS2 for a given compound using the AIF method and provide practical
recommendations for library development. So far, 814 deconvoluted spectra by CorrDec
and MS2Dec of 140 compounds were generated with manual curation as a chemical
library. I illustrated how the library increases the confidence of compound identification
in complex AIF data. The construction of high-quality, open-access libraries makes
compound identifications more transparent, reliable, and transferable to the broader
community.

I have proposed the AIF platform consisting of three metabolomics tools—
MS-DIAL, MS-FINDER, and MS-LIMA. MS-DIAL and MS-FINDER were improved
for AIF data, and MS-LIMA was newly developed. CorrDec was implemented into MS-
DIAL, which is universal metabolomics software that supports various instruments. I
have also improved MS-DITAL to adopt measurements of multiple collision energies and
be fast and stable for large-scale study. MS-DIAL has grown as a modern user-friendly
tool by my contributions. Second, MS-FINDER supports compound estimation by

characterizing MS2 spectra, which is a key process in untargeted metabolomics.



MS-FINDER can annotate MS2 peaks as molecular formulas, chemical substructures,
and types of adduct/isotopic ions. Lastly, MS-LIMA helps to properly manage MS2
spectra acquired from both biological samples and chemical standards. MS-LIMA is
open-source software to curate, search, compare, and visualize MS2 spectra for stable
and reliable management. The freely available AIF platform supports reliable data
analysis, biological and technical insights, and reanalysis using public metabolomics
raw data.

For further development in untargeted metabolomics, I believe that reusable
data acquisition {such as AIF), reliable compound identification, and a universal and
integrated data analysts platform are important. T hope that the AIF platform including
CorrDec and the reliable library can improve the quality of compound identification,
increase the number of annotated compounds, and help to exploit large-scale untargeted

studies.
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