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Abstract

Mass spectrometer, as a type of beam instrument, is ca-
pable of measuring and analyzing the mass and charge of
different molecules and ions in a sample, thus identifying
the type of particles. With the continuous development of
mass spectrometry technology, the management, retrieval
and analysis of mass spectrometry data have become cru-
cial in many fields such as biomedicine, environmental sci-
ences, and crime investigation. Mass spectrometer data-
base software is an important part of mass spectrometer,
which can realize the functions of storing, managing, shar-
ing and analyzing mass spectrometer data. Therefore, the
establishment and improvement of specialized mass spec-
trometry databases and library retrieval techniques can fa-
cilitate the rapid identification and confirmation of com-
pounds, providing a more efficient and accurate solution
for substance detection. In this paper, a comprehensive
mass spectrometry database management system is de-
signed and implemented to simplify the user operation pro-
cess from the collection, storage and management of mass
spectrometry data to the querying, matching and analyzing
of the data, providing a fast and accurate solution to meet
the needs of scientific research on mass spectrometry data.
The software uses Python for the implementation of core
algorithms, builds a database based on MySQL and collects
mass spectrometry data to fill in the data-base, and finally
uses PyQt to design and implement a friendly and beautiful
graphical user interface. While this software improves the
accuracy of matches, it also optimizes processing speed.
With this software, un-known compounds in the samples
can be identified and their possible structures and proper-
ties can be recognized, which provides a strong support for
their application fields.

INTRODUCTION

Since its introduction in the early 1970s, the mass spec-
trometry library search technique has occupied an im-
portant position in the field of mass spectrometry analysis
by searching and analyzing mass spectrometry data by
computer. The technique identifies chemical components
in complex samples by converting chemicals into ions and
separating, detecting, and quantitatively analyzing them. In
recent years, the mass spectrometry library search tech-
nique has become a hot topic for researchers because of its
high resolution, good separation and fast resolution speed.
It is widely used as a fast and effective identification
method in environmental monitoring, proteomics, life sci-
ences, food testing, material analysis, petrochemical, and
anti-terrorism and riot control. When analyzing unknown
compounds, mass spectrometry search software provides
qualitative references by comparing the mass spectra of
samples with those of standards in the database and
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measuring the similarity by the match of mass spectra.
Therefore, it is particularly important to establish an effi-
cient and fully functional mass spectrometry data manage-
ment system. Such a system not only improves the effi-
ciency of data processing, but also enhances the ability of
data integration and sharing, supports complex data analy-
sis, and accelerates the process of scientific research and
discovery.

Authoritative standard spectral libraries include the
NIST Mass Spectral Library published b12/09/2024y the
National Institute of Standards and Technology (NIST) [1],
the NIST/EPA/NIH Library published by NIST together
with the U.S. Environmental Protection Agency (EPA) and
the U.S. National Institutes of Health (NIH), and the Wiley
Library. In addition, there are a number of high-quality da-
tabases in China, such as the ICMSIS mass spectrometry
database system of the Institute of Chemistry Chinese
Academy of Sciences. The mass spectrometry database
provided by the chemical specialty database system of the
Shanghai Institute of Organic Chemistry [2]. There are also
Sadtler databases applicable to specific fields such as crim-
inal investigation, chemical product quality control, petro-
leum, plastics industry, mineral analysis, and other
fields [3].

Currently, common mass spectrometry data processing
systems are divided into two categories: One is the system
provided by mass spectrometry instrument manufacturers,
such as Agilent's Mass Hunter Chemical Workstation and
Thermo Fisher Scientific's Xcalibur, which have user-
friendly interfaces, high-quality technical support, and
seamless connectivity to their branded mass spectrometers,
but are costly and poorly customizable. The other category
includes instrument-independent systems, such as NIST
MS Search and AMDIS, which serve as standardized mass
spectrometry databases and provide a wide range of data
and tools for compound analysis and identification. How-
ever, these systems are not completely free, and many of
the advanced features are hidden behind expensive licenses
that increase the cost of research [4]. Given the limitations
of existing systems, this study aims to develop an open
source, customizable, and user-friendly mass spectrometry
data management system.

DATABASE DESIGN

Database is a data storage warehouse, which refers to a
collection of organized and shareable data stored in a com-
puter over a long period of time.

Database management system is a computer system soft-
ware specialized for database management, which can pro-
vide functions such as data definition, creation, query and
operation for databases, and realize the control of data in-
tegrity and security. The advantages of managing mass
spectrometry library data by database management system
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are that the library is easy to design, the data is easy to
manage, and the database management system itself pro-
vides a powerful data search function that is easy to use.
However, the disadvantages are that it occupies too much
space and the cost is high [5]. This system uses the MySQL
database management system, which is an open source re-
lational database management system widely used for data
storage and management. For mass spectrometry data, us-
ing MySQL can effectively manage a large amount of
structured data, support efficient data query and multi-user
access, ensure data integrity, and have good scalability and
maintainability.

Database Entity-Relationship (E-R) Model

The Entity-Relationship (E-R) diagram provides a clear
visual overview for database design, aiding in understand-
ing the data flow and relationships between different ta-
bles. By displaying the E-R diagram, one can clearly see
how entities are connected through foreign keys and other
relational methods. This structured information design
helps ensure that all key data can be effectively linked and
queried when actually establishing the database [6]. Fig-
ure 1 shows the E-R diagram of this system.
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Figure 1: E-R diagram.

In data relationships, there is a one-to-many relationship
between DataSources and Experiments, indicating that one
data source may correspond to multiple experiments. Sim-
ilarly, the relationship between Samples and Experiments
is also one-to-many, suggesting that one sample can be
used for multiple experiments. There is a one-to-many re-
lationship between Experiments and Spectra, showing that
one experiment can produce multiple spectra. Likewise,
the one-to-many relationship between Mass Spectrometers
and Spectra indicates that one mass spectrometer can be
used to generate multiple spectra. Additionally, the rela-
tionship between Spectra and Spectrum is also one-to-
many , reveals that one spectrum can correspond to multi-
ple matching results, and the one-to-many relationship be-
tween Compounds and Spectrum Matches shows that one
compound can be matched in multiple spectra. From sam-
ple collection and experimental operations to detailed
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analysis in chromatography and mass spectrometry, each
level of data depends on the previous level, ensuring the
logical consistency and data integrity of the entire data-
base. This carefully designed database architecture facili-
tates the effective storage and management of mass spec-
trometry data.

Data Sources

When building a mass spectrometry database, the source
of the data is critical because it directly affects the quality,
coverage, and availability of the data. The mass spectrom-
etry data in this database come from two sources: first, the
collection and organization of open source mass spectrom-
etry data, and second, the integration of actual measure-
ment data by performing tests on standards [7].

Open-source mass spectrometry data are obtained from
recognized databases, such as the NIST. These data sources
provide a wide range of compounds and their correspond-
ing mass spectra, typically including: compound name and
structure, mass spectra (including key information such as
m/z, peak intensity, etc.). Data acquired from sources such
as NIST are first validated and screened to ensure the ac-
curacy and completeness of the information. The cleaned
and formatted data is then imported into a database to up-
date existing records or add new ones.

Another important source for the database is the mass
spectrometry data obtained from tests on standards using
the BRUKER maXs Plus mass spectrometer. Acquired
through a series of sample preparation, experimental setup
and data acquisition, the processed data are finally format-
ted and imported into the database. BRUKER maXs Plus
mass spectrometer is a high-end mass spectrometry ana-
lyzer designed to achieve extremely high sensitivity and
resolution. This instrument is widely used in chemistry, bi-
omedicine and materials science and is particularly suited
for in-depth analysis of complex samples.

SYSTEM IMPLEMENTATION

The system software platform of the mass spectrometer
is a software family and is divided into two parts according
to the interdependence of the analytical processes: instru-
ment-related software and mass spectrometry data analysis
and processing software. The mass spectrometry data anal-
ysis and processing software is the downstream part of the
software family. The goal of this system is to complete the
design and implementation of the entire database pro-
cessing software.

Technical Implementation

Development efficiency, cost, and ease of use for end us-
ers were taken into consideration. The system uses MySQL
database management system for database construction,
Python programming language for development, and PyQt
for graphical user interface design to create a full-featured,
user-friendly, and high-performance mass spectrometry da-
tabase management system [8].

MySQL is a widely used relational database manage-
ment system that is open source and supports cross-plat-
form use. In our mass spectrometry data management
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system, MySQL is responsible for storing, querying, and
managing a large amount of sample data and related
metadata. Its good compatibility with Python further im-
proves development efficiency.

Python is a high-level programming language known for
its clear syntax and rich library resources that is suitable for
a variety of programming tasks, especially for rapid devel-
opment. The NumPy and Pandas libraries provided by the
Python community greatly optimize the efficiency of data
processing and scientific computing. In addition, we use
the matplotlib graphing library to visualize mass spectrom-
etry data, facilitating the creation of detailed spectral
graphs.

PyQt, a toolkit for creating graphical user interface
(GUI) applications, provides excellent cross-platform ca-
pabilities and rich control support, allowing us to create
professional and modern user interfaces quickly and easily.

In summary, by integrating MySQL, Python and PyQt,
we are not only able to build an efficient and reliable mass
spectrometry database management system, but also en-
sure the system's ease of use and extensibility to meet the
needs of scientific research and practical applications.

System Architecture

Observing the central business flow chart of the soft-
ware, it can be seen that the software is centered on the
functions of data storage, management, query and display,
and the user sends various commands to the software
through the view, and the software reacts according to the
commands, and finally reflects the results to one or more
views to deliver the information to the user. Figure 2 shows
The business process diagram.

User Login User TG —
Tnf : ata Storage
Perre:lr:;ision m Informationf——p and
Management Input Manaie it
Result Presentation Data Query
End |« and —] and
Report Generation Analysis

Figure 2: Business process diagram.

Through analysis and comparison, MVC (Model-View-
Controller) architecture is chosen as the overall architec-
ture for designing this program, which helps to separate
data processing, user interface and business logic, and
helps to structure the code to improve the maintainability
and extensibility of the code [9]. The MVC architecture di-
vides the system into three parts: Model, View and Con-
troller.

Model is the core of the system, which is used to abstract
system logic, encapsulate system state, and manage system
data, including database connection, query, and processing.

The view is the interface that the user sees and interacts
with and is a representation of the data for the user. The
main task of the controller is to accept user input and in-
voke the appropriate model and view to satisfy the user's
needs and control the application process.
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Using the MVC architecture, it is possible to create and
manipulate multiple views for a single model at runtime.
Through the change propagation mechanism, as model
data changes, all related views can be updated in a timely
manner to ensure that all related views are synchronized
with the behavior of the controller. This approach is ideal
for scenarios where a model corresponds to multiple views
in a program. Figure 3 shows a simple MVC architecture
diagram.

Model

| (Updates) t (Requests)

View Controller View

< (Data) -User Input- (Data)—
Figure 3: MVC architecture diagram.

Implementation Details

Mass spectral fingerprint matching is the identification
of compounds by comparing the mass spectral fingerprint
of an unknown sample with the spectra in a database [6].
Specifically, mass spectral fingerprint matching is a tech-
nique for identifying unknown compounds by comparing
the characteristic peaks of a sample's mass spectrum with
records in a database of known mass spectra. This method
relies heavily on features such as accurate mass measure-
ments, peak intensities, and peak patterns. Figure 4 shows
the key steps and techniques for mass spectrometry finger-
print matching:

Data Data
Collection Preprocessing

Features
Extract

v

Features
Matching

—»

Rating
— and

Identification

Result

Output

Figure 4: Fingerprint Matching Algorithm Flowchart.

Important steps in the data preprocessing phase of mass
spectrometry data analysis include denoising, mass correc-
tion, and normalization. Denoising is typically performed
using filters or wavelet transforms to remove background
noise and ensure data clarity. Mass correction ensures the
accuracy of the analysis by removing instrumental errors
through calibration techniques. In addition, normalization
is essential to make the data more consistent and compara-
ble by standardizing the intensity of the peaks to eliminate
the effects of sample volume differences.

Peak detection and feature extraction are the core steps
in mass spectrometry. At this stage, the SciPy library for
Python can be used to detect peaks in one-dimensional data,
while algorithms such as CentWave and Matched Filter are
used to identify characteristic peaks in the data. Each de-
tected peak is further analyzed to extract its key features,
such as mass/charge ratio (m/z), peak area, peak height,
and retention time, which are critical for subsequent data
interpretation.
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The database matching phase involves the selection of a
mass spectrum database and a matching algorithm. Com-
putational methods such as cosine similarity are used to
compare the sample mass spectra with the reference mass
spectra in the database to determine the best matching term.
This process is a critical part of identifying the structure of
unknown compounds and relies on high quality databases
and accurate algorithms.

Finally, verification and validation are important steps in
ensuring the accuracy of mass spectrometry results. After
finding the matches with the highest similarity to the mass
spectra in the database, these results must be further vali-
dated. This may involve performing secondary experi-
ments or using different analytical methods for confirma-
tion. In addition, statistical analyses must be used to assess
the reliability and accuracy of the matches to ensure the
data quality and credibility of the final report.

In mass spectrometry analysis, the use of high-resolution
mass spectrometers allows for more accurate measurement
of mass-to-charge ratios (m/z values), which improves the
accuracy of data matching to databases. In addition, the
quality of the database and its coverage have a direct im-
pact on the accuracy of the matching results; databases that
are frequently updated and contain multiple substances can
greatly improve the reliability of the matching. Meanwhile,
the selection of an appropriate similarity calculation
method is also crucial to the accuracy of compound identi-
fication, as it can effectively assess the degree of similarity
between the sample mass spectra and those in the database.
Combining all these factors, the effectiveness and credibil-
ity of mass spectrometry analysis have been greatly en-
hanced.

RESULTS AND DISCUSSION

In this paper, a mass spectrometry data management sys-
tem has been designed and implemented, which provides a
variety of data input and query options, such as by com-
pound name, molecular formula, CAS number, and so
on [10]. The interface also includes graphical display func-
tions of the data, such as the dynamic display of the mass
spectrometry diagram, which not only helps users to intui-
tively understand the data, but also facilitates in-depth
analysis. The system also provides rich data management
functions, including data import, export, editing, and dele-
tion operations, as shown in Fig. 5; this ensures high avail-
ability and security of the database.

In mass spectrometry analysis, the incorporation of Tan-
dem Mass Spectrometry (MS/MS) data into mass spec-
trometry databases is critical because these data provide
detailed information about the molecular structure of com-
pounds, greatly improving the accuracy and reliability of
compound identification [11]. In addition, mass spectrom-
etry data can be used in a wider range of applications, such
as supporting complex structure resolution and valida-
tion [12]. Therefore, it is planned to add secondary mass
spectrometry-related content to this system in the future to
provide more complex data analysis and interpretation
functions.
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Figure 5: Search results display page.
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