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Abstract: Biological and environmental samples are complex and contain a highly diverse range
of compounds. Analyzing these samples by chromatography-high-resolution mass spectrometry
generates a substantial volume of mass-spectrometry data that are composed of mass-to-charge-ratio
(m/z), retention-time (RT), and peak-intensity information that require considerable time and energy
to process. Consequently, employing software to process mass-spectrometry data for identification

and analysis purposes is imperative. Among the many mass-spectrometry data-processing options,
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XCMS (various forms (X) of chromatography mass spectrometry), which is highly efficient, precise,
and freely accessible software for processing mass-spectrometry data, is broadly used in the en-
vironmental science field. This study aimed to explore the use of XCMS in environmental science
applications by comprehensively reviewing the workflow, underlying principles, and parameter-
optimization measures of XCMS. The workflow mainly includes importing, processing, and exporting
data. Importing data requires the use of format conversion tools, such as MSConvert, which converts
data generated by various instruments into a format acceptable by XCMS, while data processing
includes peak detection, alignment, and filling. The various XCMS functions are mainly realized via
its built-in algorithms, with the Matched Filter, CentWave, Obiwarp, and Peak Density algorithms
most commonly used. The first two algorithms implement the peak-detection function, while the
latter two implement the peak-alignment function. XCMS identifies compound peaks from mass-
spectrometry data during peak-detection; it first filters for noise and corrects the baseline. An al-
gorithm then detects peaks based on their shapes and intensities. XCMS can also de-emphasize and
de-distort to filter out interfering information in each peak signal. The CentWave algorithm is
particularly effective for processing high-resolution mass-spectrometry data by improving detection
accuracy and recall. Peak-detection is followed by alignment. Here, XCMS uses kernel density
estimations to match peaks between samples by estimating the retention-time distribution of matched
peaks, which corrects for any nonlinear deviations in retention-times. This step is critical for ac-
curately comparing samples. The peak-filling step resolves missing peaks in the data, and XCMS
uses information from other samples to fill these gaps. This process enhances the integrity of the
dataset and improves analysis accuracy. In terms of applications, XCMS has demonstrated significant
progress for the non-targeted screening of environmental pollutants, identifying exogenous metabolic
pollutant transformations, and exploring the endogenous metabolisms of biomolecules. For example,
XCMS efficiently extracts the mass spectrometry of complex samples during the non-targeted
screening of environmental pollutants, thereby providing a reliable database for subsequent iden-
tification. Although the use of XCMS in the environmental science field has delivered particular
results, some limitations still exist, including the use of large amounts of memory, problems as-
sociated with the software crashing when dealing with large-scale data, and the misclassification
of noise as valid signals during feature detection, which results in a large number of false positives,
errors, and missed detections when processing data for compounds with complex chemical
compositions and structural types. In addition, the degree of user interaction and automation requires
further improvement. XCMS offers significant developmental potential in the environmental science
field. Continuing algorithmic optimization and database expansion through improvements in algo-
rithmic robustness, data compatibility, and user experience, are expected to see XCMS develop
broadly and provide more powerful support for the environmental science field in the future.
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Table 1 Advantages and disadvantages of XCMS compared with XCMS Online

Platform Introduction

Advantages

Disadvantages Ref.

XCMS processing LC-MS raw data

based on R packages scenarios

XCMS  web-based graphical user
Online interface version of XCMS
foundation

customizable parameters for complex analysis

data can be stored and shared in the cloud;

requires knowledge of R language [ 1]

simplified parameter settings for [5]

graphical interface, easy to use, no programming standardized processes, but less

flexible
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Convert raw data into XCMS-acceptable formats such as mzML, mzXML, mzData, netCDF,

etc. using MSConvert.

Data import

- Import the converted mass-spectrometry data into XCMS for data processing.
MSConvert :
Peak detection

Data
import

1. Noise filtering and baseline correction are performed on the data.
2. Peak shape detection using a peak detection algorithm based on mass-to-charge ratio (m/z),

which calculates parameters such as peak area, height, and shape to determine peak mass.

XCMS

processing

-

Intensity

|
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Intensity
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been detected.

Data export

T -
2o
T 9
° & 3\
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Peak alignment

1. Split samples using overlap intervals m/z 0.25 wide to match peaks in the mass domain.

Data 2. Use kernel density estimation to estimate the retention-time distribution of the matched
peaks based on the m/z intervals and determine the retention-time intervals based on the
estimated distributions.

Peak filling

1. When the algorithm does not correctly detect or align the peak, the XCMS will efficiently
parse and find the missing peak and use information from other samples where the peak has

2. When the peak is below the limit of detection , the peak-filling step will use the background
noise in the region where the peak was expected to be located to determine the missing peak.

Summarize the extracted peaks and export in CSV format.

E1 XCMSH—MIIERE
Fig.1 General workflow of XCMS
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