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® Statistical Processing of LC-MS Data -
|dentification of Possible Biomarkers in Metabolomics
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Statistics Made Easy
in ProfileAnalysis

Nowadays, profiling complex samples using high-resolution chromatography and
mass spectrometry is a routine task in many metabolomics laboratories.

An integral part of the process is the application of statistical methods to quickly
pinpoint relevant information and generate knowledge. The full benefits of high-
resolution separation techniques such as CE, GC or UHPLC can only be exploited
in combination with the uncompromised performance of ultra-fast time-of-flight

It’s all in your data ...

It's not only statistics that play an
important role in metabolomics
applications. High-resolution, accurate
S mass and isotopic pattern data
enable direct identification of possible
biomarkers via their molecular formula
using Bruker's unique SmartFormula
algorithm.
Quick and easy searches of web-based
databases with the CompoundCrawler
facilitate structural assignments.
The scheduled precursor list (SPL)

mass analyzers such as micrOTOF-Q Il and maXis.

ProfileAnalysis enables smooth and easy analysis using fully unsupervised
methods like Principal Component Analysis (PCA) and supervised methods such
as student’s t-test. It provides a complete set of tools for data pre-processing,
in-depth statistical analysis, identification and feedback experiments.
ProfileAnalysis has been designed to give beginners a head start in
metabolomics and also to meet the needs of expert users.

provides intelligent design of an MS/MS
experiment based on statistical analyses.
The SPL can be created automatically
from the t-test results using filtering
options such as specific regulation ratios
or p-values.

The hypothetical structure can be
quickly verified by means of targeted
MS/MS accurate mass measurements.
Naturally, interesting loadings from PCA
calculations can also serve as input for
an SPL.
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® Data Preparation

Data pre-processing for statistical
analysis

The starting point for each statistical
analysis is a series of LC-MS runs.
Metabolic profiling data sets are typically
too large to manually extract possible
biomarkers. Find Molecular Features
(FMF) is a peak finding algorithm for
quantitatively pinpointing all relevant
information from LC-MS analyses. Data
reduction is achieved by efficiently
differentiating real signals from noise.
Retention-time alignment is performed
by the pairwise comparison of an
automatically assigned master run using
a shifting vector algorithm that also takes
non-linear retention-time shifts into
account.

The alignment significantly improves data
quality, and can be particularly important
for long LC-MS runs.

Bucketing is the process of generating
the data table for statistical analysis itself.
ProfileAnalysis easily creates bucket
tables of LC-MS data based on the
extracted FMF compounds from raw

or netCDF data. Different normalization
and scaling options — such as Pareto
scaling — complete the set of data pre-
processing tools. All data pre-processing
steps applied in the calculation of the
bucket table form the basis for the
subsequent statistical analysis and all
parameters are easily defined in the
ProfileAnalysis method.

Series of
LC-MS experiments
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® Unsupervised Statistics

1. Project setup

] TeaSampleTable. prof - ProfileAnalysis

Principal Component Analysis
(PCA)

As a non-supervised statistical method,
PCA aims to find and rank variances

in the data set and assists in the
visualization of statistical patterns.
ProfileAnalysis provides all the
necessary tools for PCA calculation
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and visualization.

Direct access to individual com
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The structural assignment of possible
biomarkers is enabled through
public database queries based on
correct molecular formula via the
CompoundCrawler.
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The ProfileAnalysis workflow starts with the setup of a new project (1): The core of the statistical calculation is

the bucket table (2) for which the PCA is calculated and visualized in scores and loadings plots (3). The intensity

distribution of a bucket for all analyses is quickly inspected in the bucket statistics plot (4) before a molecular
formula is calculated by SmartFormula (5). Structural assignments are provided by web-based searches using the

CompoundCrawler (6).



® Supervised Statistics
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The student's t-test or ANOVA (Analysis of Variance) is a standard hypothesis test to evaluate whether
the mean intensity values of two or more groups of samples are statistically different from each other.

The calculated t-test results comprise not only p-values, but also fold-change, average ratio or intensity
information. These values allow for easy selection and quick identification of relevant differences using
SmartFormula. Additionally, the t-test results can be filtered to create tailor-made scheduled precursor lists
(SPLs) for dedicated MS/MS experiments. The SPL distribution plot visualizes the number of automatically
selected precursor ions across the chromatographic time axis.




Technical Specifications

Data

= Processing of Bruker LC-MS data and netCDF-files

= Direct link to original data file

= Export of Bucket Table to ASCII and text format compatible
to MatLab™, R™, SIMCA-P™

= Export of quantitative results to ProteinScape

Data processing

= Find Molecular Features (FMF) algorithm

= Processing of Find Molecular Features results calculated
in DataAnalysis 4.0

= Recalibration of mass axis

= Retention Time Alignment

= Spectral Background Subtraction

= Rectangular and advanced bucketing

= Bucket filtering

= Various normalization algorithms

= Various scaling options available for
Principal Component Analysis (PCA)

= Methods for data processing

Statistics

= Principle Component Analysis (PCA)

= Statistical plots for PCA review (e.g. Scores,
Loadings, Influence, Hotelling’s T2)

= Cross Validation, Test Set Validation maXis or micrOTOF-Q Il and Dionex

= Classification based on PCA models UltiMate 3000 Rapid Separation

= Student’s t-test and ANOVA LC-System (RSLC) are ideal for fast
separation and high performance

Other features mass spectrometry

= SmartFormula: Molecular Formula Generation

= Survey View: Graphical overview of data distribution

= Bucket Density view

= Automatic Scheduled Precursor List (SPL) generation from t-test results
= |nstallation Qualification

= Detailed Manual

= Tutorial Data

For research use only. Not for use in diagnostic procedures.
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