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In Brief

Large-scale proteomics
experiments require reliable
quality control to ensure data
reproducibility and
interpretability. Here, we present
pmultigc, an open-source
framework that generates
interactive, metadata-aware QC
reports across multiple mass
spectrometry workflows. Built
on MultiQC and leveraging
SDRF sample metadata, the tool
standardizes QC evaluation for
pipelines such as DIA-NN,
FragPipe, MaxQuant/MaxDIA,

and quantms. In addition to a -
modular software library, the

study introduces a public web

service enabling QC analysis of

user data and datasets from the
PRIDE database.
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Highlights

* Generate metadata-aware QC reports using the SDRF format.

¢ Interactive reports for DIA-NN, FragPipe, MaxQuant/MaxDIA, quantms workflows.
e Supports DIA-LFQ, DDA-LFQ, and plexDDA proteomics analyses.

® Open-source library extendable to new metrics, workflows, and formats.

¢ Public service to generate QC reports for datasets in the PRIDE database.
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pmultigc: An Open-Source, Lightweight, and
Metadata-Oriented QC Reporting Library for

MS Proteomics

Qi-Xuan Yue'®, Chengxin Dai’, Selvakumar Kamatchinathan®, Chakradhar Bandla®,
Henry Webel“®, Asier Larrea®°® , Wout Bittremieux®°® , Julian Uszkoreit’-°® ,

Tom David Miiller’ '°®, Jinqiu Xiao''®, Juergen Cox''®, Fengchao Yu'“®,

Philip Ewels'®>®, Vadim Demichev'?, Oliver Kohlbacher®'%'°® , Timo Sachsenberg®'°c,
Chris Bielow'°®, Mingze Bai'', and Yasset Perez-Riverol*"

The increasing scale and complexity of proteomics data
demand robust, scalable, and interpretable quality con-
trol (QC) frameworks to ensure data reliability and
reproducibility. Here, we present pmultigc, an open-
source Python package that standardizes and gener-
ates web-based QC reports across multiple proteomics
data analysis platforms. Built on top of the widely
adopted MultiQC framework, pmultigc offers specialized
modules tailored to mass spectrometry workflows, with
full initial support for quantms, DIA-NN, MaxQuant/
MaxDIA, FragPipe, and mzldentML/mzML-based pipe-
lines. The package computes a wide range of QC met-
rics, including raw intensity distributions, identification
rates, retention time consistency, and missing value
patterns, and presents them in interactive, publication-
ready reports. By leveraging sample metadata in the
Sample and Data Relationship Format format, pmultiqc
enables metadata-aware QC and introduces, for the first
time in proteomics, QC reports and metrics guided by
standardized sample metadata. Its modular architecture
allows easy extension to new workflows and formats.
Alongside comprehensive documentation and examples
for running pmultigc locally or integrated into existing
workflows, we offer a cloud-based service that enables
users to generate QC reports from their own data or
public PRIDE datasets.

MS-based proteomics experiments are inherently complex,
involving multiple stages ranging from sample preparation
and instrument acquisition to data processing and statistical
analysis. Each of these steps introduces potential sources of
technical variability, noise, or systematic bias that can
significantly impact the accuracy, reproducibility, and bio-
logical interpretability of the data (1). As proteomics increas-
ingly contributes to large-scale biological research and
integrative multiomics studies, ensuring the quality of the data
has become essential (1, 2). Without rigorous and standard-
ized quality control (QC), the risk of drawing misleading
conclusions increases, particularly when integrating prote-
omics with other omics layers such as transcriptomics or
metabolomics, where unreliable data can compromise the
entire analysis framework. Consequently, QC is not merely a
best practice, but a fundamental requirement for trustworthy
proteomic analyses, especially in the context of public re-
positories deposition and reanalysis (2, 3).

A wide range of tools has been developed to support QC in
proteomics (4-7). For instance, PTXQC (6) provides an in-
depth evaluation of MaxQuant outputs, rawDiag (8) sup-
ports method optimization and diagnostics for raw LC-MS
data, PRIDE Inspector Toolsuite (5) provided QC for PRIDE
database submissions (3, 5); and MSstatsQC (7) offers a
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statistical framework for longitudinal monitoring of instrument
performance using the MSstats framework. While each of
these tools offers unique strengths, they often focus on
specific pipelines or stages in the workflow and lack a unified
reporting format for the results data or the QC information. In
addition, the majority of these tools and packages have been
focused on data-dependent acquisition (DDA) workflows, but
no major library supports popular data-independent acquisi-
tion (DIA) tools such as DIA-NN (9) or MaxDIA (10). Moreover,
most existing tools do not natively support standardized
sample metadata, such as that provided in Sample and Data
Relationship Format (SDRF) (11), which limits their utility in
multi-sample or multi-omics contexts where consistent met-
adata is essential for meaningful comparisons.

To address these limitations, we introduce pmultigc
(pmultigc.quantms.org), an open-source Python package
designed to standardize and generate web-based QC reports
across diverse proteomics workflows. Built on top of the
widely adopted MultiQC framework (12), pmultigc takes
advantage of its modular and extensible architecture to parse
output files from popular proteomics software such as DIA-NN
(9), MaxQuant (13)/MaxDIA (10), mzldentML + mzML (PRIDE
Complete submissions), and quantms (14) and FragPipe (15,
16). This integration allows users to visualize and assess key
QC metrics, including identification rates, intensity distribu-
tions, or retention time consistency, within a single, interactive,
and publication-ready report. A distinguishing feature of
pmultiqc is its novel use of SDRF-formatted sample metadata
(11) as a central component of QC report generation. pmultiqc
is an open-source package (https://github.com/bigbio/
pmultiqc), also released in PyPI, Bioconda (17), and Bio-
Containers packages (18). Importantly, pmultigc is designed
to scale efficiently for large-scale experiments, handling
datasets comprising hundreds to thousands of samples
across both DIA and DDA experimental workflows. In addition
to the pmultigc library, we introduce the pmultigc service (e.g.,
https://www.ebi.ac.uk/pride/services/pmultiqc/), to enable
research groups to deploy pmultigc for its users, enabling
them to generate QC reports from their own data and from
public data hosted in the PRIDE database (3). pmultigc has the
potential to become a key resource for transparent, repro-
ducible, and scalable quality assessment in both individual
and large-scale collaborative proteomics projects.

EXPERIMENTAL PROCEDURES
Pmultiqc: Core Processing Flow and Data Integration

The pmultigc (https://pmultigc.quantms.org) processing frame-
work consists of three main stages (1): data detection and parsing (2),
data integration and QC metric computation, and (3) HTML report
generation (Fig. 1, A-C). During the data detection phase, pmultigc
automatically identifies input file types by matching them against
registered file format patterns and command-line options, enabling
appropriate downstream processing pathways for different workflows

and analysis tools (e.g., MaxQuant, Fig. 1, A and B). The parsing
stage employs format-specific parsers optimized for memory effi-
ciency and workflow-specific requirements. Each parser extracts only
the relevant information needed to generate QC metrics for the cor-
responding workflow, avoiding unnecessary memory overhead. For
example, when processing MaxQuant results, pmultiqc selectively
loads peptide information from the evidence.txt and proteinG-
roups.txt files rather than loading complete datasets into memory,
focusing specifically on data required for MaxQuant QC report gen-
eration. This selective parsing approach enables efficient processing
of large-scale proteomics datasets while maintaining comprehensive
QC coverage. QC metrics (Fig. 1B) are then transformed into stan-
dardized formats compatible with MultiQC's visualization functions,
including bar graphs, line graphs, scatter plots, heatmaps, and
interactive tables (Fig. 1C). The final stage involves sequential data
processing through MultiQC's rendering engine to generate self-
contained HTML reports with embedded JavaScript for dynamic
visualizations and interactive exploration.

Supported Data Formats and Workflows

pmultigc supports, by 2026, five major proteomics analysis
workflows (quantms, DIA-NN, MaxQuant/MaxDIA, FragPipe, and
PRIDE complete submissions mzldentML/mzML) and the Proteo-
Bench format, each with specific input file requirements (Table 1). For
quantms workflows, required files include experimental_design.tsv
(SDRF-derived metadata), mzTab files (identification and quantifica-
tion results), MSstats input files (statistical analysis inputs), and
ms_info.parquet (MS level 1/MS level 2 (MS1/MS2) signal sum-
maries), and optional idXML and YAML parameter files. MaxQuant
workflows utilize parameters.txt (analysis parameters), proteinG-
roups.txt (protein-level results), summary.txt (experiment overview),
evidence.txt (peptide evidence), and MS/MS scan files (msms.txt,
msmsScans.txt). DIA-NN workflows primarily use report.tsv or
report.parquet files as main inputs, with optional ms_info.parquet.

Pmultigc: Library Based on MultiQC

pmultigc is developed as a Python-based extension of MultiQC
(https://seqgera.io/multigc/) (12), leveraging its proven extensibility
framework for bioinformatics quality control reporting. MultiQC's
plugin architecture enables the development of custom modules
without modifying its core codebase, allowing for seamless integra-
tion through Python's entry points mechanism. A plugin/package was
developed instead of modules within MultiQC due to pmultigc’s re-
quirements for proteomics-specific Python dependencies. pmultigc
is automatically discovered and loaded during MultiQC execution,
inheriting all the robust features of the MultiQC framework while
extending its capabilities specifically for proteomics workflows.
pmultigc is distributed under an open-source license via PyPI (Python
Package Index), Bioconda (17), BioContainers (18), and GitHub
(https://github.com/bigbio/pmultigc) (Fig. 1D). pmultigc utilizes a va-
riety of specialized libraries for proteomics data processing, including
PyOpenMS (19) for handling MS file formats, pyteomics (20) for
proteomics-specific data structures, and standard scientific Python
libraries, including pandas (data manipulation), scikit-learn (statistical
analysis), pyarrow (efficient data storage), and NumPy (numerical
computations) (21).

RESULTS

Each bioinformatics workflow and the corresponding
pmultigc reports provide different plots and QC metrics
tailored to its input and result data (Fig. 1, A-C). For example,
MaxQuant provides standardized results for identifying
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Fia. 1. Overview of the pmultiqc proteomics quality control and analysis workflow. A, the diagram illustrates the integration of multiple
proteomics software tools and their output files into a comprehensive quality control pipeline. Supported workflows include quantms, DIA-NN,
MaxQuant, FragPipe, ProteomeXchange Complete Submission, and ProteoBench, which generate various output files including mass
spectrometry data (ms_info.parquet, mztab, msstats.csv), identification files (id.idxml, diann_report.parquet), and result summaries (msms.txt,
evidence.txt, proteinGroup.txt, summary.txt, mzidentml, mzML/MGF files, and result_performance.csv). B, these files are processed through
SDRF metadata integration to produce a comprehensive quality control report containing multiple analysis modules: Experimental Design and
Metadata, Results Overview, Identification Summary, Search Engine Scores, Contaminants, Quantification Analysis, MS1 Analysis, MS2 and
Spectral Stats, Mass Error Trends, RT Quality Control, and various QC metrics including Precursor lon Intensity, Standard Deviation of In-
tensity, Coefficient of variation and log2FC calculations. C, the pmultigc platform generates diverse visualization outputs, including bar graphs,
tables, line graphs, heatmaps, box plots, and scatter plots for comprehensive data interpretation. D, the pmultigc library adheres to FAIR
principles through an automated deployment workflow: code is maintained on GitHub, PyPI packages are generated for each release, followed
by Bioconda and BioContainer distributions to enhance accessibility and reproducibility. E, the pmultigc service can be deployed in scalable
cloud infrastructures using Redis for caching and orchestrated through Docker Compose or Kubernetes, with seamless integration to the
PRIDE Archive proteomics database, enabling both local and remote data access for comprehensive proteomics quality assessment.

contaminants at the peptide, protein, or post-translational
modified peptide levels (https://pmultigc.quantms.org/
PXD003133/multiqc_report.html#contaminants). We orga-
nize the QC reports and metrics into nine main sections

number of sections in the report may vary depending on the
specific data used.

Experimental Design and Metadata

similar to PTXQC and PRIDE Inspector Toolsuite reports (see
examples in Table 2). Each section addresses different as-
pects of MS data analysis and contains multiple subsections
(Supplementary Notes 1). It is important to note that the

The initial section of a pmultigc report displays the exper-
imental design and parameters in a table format. If sample
metadata and experimental design are available for the
dataset in SDRF (11) or any derived format (e.g., quantms

3 Mol Cell Proteomics (2026) 25(6) 101530
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TaBLE 1
Supported proteomics analysis workflows and pipelines by pmultiqc

Toolool/Pipelines Data formats

Data description

quantms
“mzTab
“msstats®.csv
amzML
*ms_info.parquet
2idXML
2 yaml

diann_report.tsv | parquet

DIA-NN *ms_info.parquet
report.tsvlparquet
psm.tsv

ion.tsv

combined_ion.tsv

FragPipe

combined_protein.tsv

MaxQuant MaxDIA parameters.txt
proteinGroups.txt
summary.txt
evidence.txt
msms.txt
msmsScans.txt

4 mzid

2.mzML or®.mgf

mzldentML

experimental_design.tsv

Experimental design file
Results of the identification
MSstats/MSstatsTMT input files
Spectra files

MS quality control information
Identification results

Pipeline parameters (optional)
DIA-NN main report

mzML statistics converted from Raw
DIA-NN main report
FDR-filtered PSMs

FDR-filtered ions

FDR-filtered ions combined peptide
FDR-filtered proteins

Analysis parameters

Protein identification results
Summary statistics

Peptide evidence

MS/MS scan information
MS/MS scan details
Identification results
Corresponding spectra files

The table includes the name of the analysis tool, the output files supported, and the description of the information that those files contain.

#The name of the file for the given project.

experimental_design.tsv, https://pmultiqc.quantms.org/LFQ_
PXD007683/multigc_report.html#experiment_setup), a table
showing the experimental design is presented, including
samples and their relation to raw files. In addition, for Max-
Quant result files, analysis parameters (recorded in parame-
ters.txt) are directly converted into a table.

Results Overview

The first subsection, the Summary Table, summarizes the
total number of acquired and identified MS2 spectra, the
MS2 identification rate, the number of identified peptides,
and the number of identified and quantified proteins. The
Summary Table is available for all supported workflows and
enables users to quickly review key figures of the analysis. A
second high-level overview of the experiment is provided by
the QC Heatmap, which displays the distribution of the
following metrics for the experiment: contaminants, peptide
intensity, charge, missed cleavages, missed cleavages vari-
ability, identification rate over retention time, MS2 over-
sampling, and peptide missing values. This heatmap has
proven valuable for users of PTXQC, which quickly detects
samples or raw files that exhibit atypical performance for
specific metrics within an experiment (6, 22). pmultigc sum-
marizes the identification/quantification results according to
experimental conditions (if SDRF is available) associated with
different samples. The report includes statistics on the
number of peptides, unambiguous peptides, modified pep-
tides, and protein groups.

Identification Summary and Search Engine Scores

The Identification Summary section, inspired by the PRIDE
Inspector Toolsuite (5), presents critical metrics for evaluating
the quality and reliability of peptide and protein identifications
in bottom-up MS-based proteomics experiments. The num-
ber of peptides identified per protein reflects sequence
coverage, which in turn impacts the confidence in protein
identification and quantification reliability (23, 24). Proteins
identified by multiple unique peptides (typically three or more)
offer greater confidence, while single-peptide identifications
(often called “one-hit wonders”) may arise by chance and
require additional validation.

The missed cleavage distribution is a simple but effective
measure of sample preparation quality, specifically reflecting
how efficiently the enzymatic digestion process cleaves the
proteins (25). An unusually high proportion of missed cleav-
ages (>20% with one or more missed cleavages) may indicate
incomplete digestion due to insufficient enzyme concentra-
tion, shortened digestion time, or the presence of digestion
inhibitors. Well-prepared samples typically show >80% fully
cleaved peptides, with systematic deviations suggesting the
need for protocol optimization (1, 5, 26). The MS2 identifica-
tion rate per raw file is another key quality metric; rates below
10% may indicate problems with sample preparation, data-
base choice, or search settings, whereas rates above 40%
generally reflect high-quality data. This section displays the
search engine-specific scores for the peptide identification
tool used, including posterior error probabilities(Fig. 2A),
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TABLE 2
Example datasets for pmultiqc (https://pmultiqc.quantms.org/#-example-reports)

Result files Data sources

URL Performance

quantms: LFQ PXD007683: LFQ

quantms: TMT PXD007683: TMT

quantms: DIA PXD026600

DIA-NN PXD063291

Single cell (DIA-NN) PXD053464

MaxQuant PXD003133

MaxDIA https://ftp.pride.ebi.ac.uk/
pub/databases/pride/
resources/proteomes/
pmultigc/maxquant/
MaxDIA_txt.zip

mzldentML PXD053068

mzML

mzldentML PXD054720

MGF

FragPipe PXD062399

Big LFQ PXD010899

Big quantms DIA PXD062383

Runtime: 601.9 s
Memory: 2685.6 MB

https://pmultigc.quantms.org/
LFQ_PXD007683/multigc_report.
html
https://pmultigc.quantms.org/
TMT_PXDO007683/multiqc_report.
html
https://pmultigc.quantms.org/dia/
multigc_report.html
https://pmultigc.quantms.org/
DIANN/multigc_report.html
https://pmultigc.quantms.org/
PXD053464/multiqc_report.html
https://pmultigc.quantms.org/
PXD003133/multigc_report.html
https://pmultigc.quantms.org/
MaxDIA/multigc_report.html

Runtime: 650.6 s
Memory: 8796.4 MB

Runtime: 25.1 s
Memory: 585.3 MB
Runtime: 13.4 s
Memory: 588.4 MB
Runtime: 69.9 s
Memory: 1520.7 MB
Runtime: 12.0 s
Memory: 560.1 MB
Runtime: 19.8 s
Memory: 932.1 MB

Runtime: 243.5 s
Memory: 2698.4 MB
Runtime: 77.7 s
Memory: 404.5 MB
Runtime: 6.2 s
Memory: 389.9 MB
Runtime: 610.2 s
Memory: 41,020.2 MB
Runtime: 129.7 s
Memory: 2119.0 MB

https://pmultigc.quantms.org/
PXD053068/multigc_report.html
https://pmultigc.quantms.org/
PXD054720/multigc_report.html
https://pmultigc.quantms.org/
PXD062399/multigc_report.html
https://pmultigc.quantms.org/
PXD010899/multigc_report.html
https://pmultigc.quantms.org/
PXD062383/multigc_report.html

The table lists the analysis tool used, a corresponding public dataset from PRIDE, and the computational resources and time required on a
personal computer (CPU: Intel Core i9-7900X; OS: Ubuntu 24.04.2 LTS) to generate the QC report.

spectral E-values, cross-correlation scores, and SAGE
HyperScores (quantms multi search engine - https://pmultigc.
quantms.org/LFQ_PXD007683/multigc_report.html#search_
engine_scores).

Contaminants

Identification of common contaminants such as keratins,
trypsin, and bovine serum albumin may indicate sample
handling or reagent issues that may negatively affect data
interpretation. Similar to PTXQC for MaxQuant, pmultigc re-
ports the top 5 contaminant proteins within the experiment.
For each raw file (or group), all contaminants are identified,
and their proportions are calculated based on intensity. In the
quantms pipeline, contaminants are labeled by adding the
prefix “CONTAMINANT_” to the accession. In MaxQuant,
contaminants are indicated in the “Potential contaminant”
field (entries marked with a “+” are considered contaminants).

Quantification Reports

pmultigc provides visualizations to assess and interpret
quantitative results, including peptide intensity distributions,
overall intensity distributions, label-free quantification (LFQ)

intensity distributions, and principal component analysis of both
raw and LFQ intensities, which are log-transformed to ensure a
more informative representation of the data (https://pmultigc.
quantms.org/PXD003133/multigc_report.html#quantification_
analysis). If the supported tool (e.g., MaxQuant) and analysis
results contain peptide and protein quantification information,
distributions of intensities, protein, and peptide quantitative
results are summarized in tabular form.

Retention Time QC and Mass Errors

pmultigc visualizes key features related to retention time in
the subsection Retention time QC and mass errors. Specif-
ically, it generates plots showing the overall distribution of
retention times of every MS1 (DIA-NN, MaxQuant, FragPipe),
or MS2 (quantms, mzldentML) signals across all runs, as well
as scatter plots depicting the relationship between retention
time and peak width (i.e., the total retention time width of the
peak), and between retention time and ion injection time. In
addition, pmultigc provides visualizations of mass error
metrics, including delta mass - in (Dalton) Da and parts per
million (ppm) - and uncalibrated mass error (in ppm). For
quantms pipelines, delta mass is calculated based on the

5 Mol Cell Proteomics (2026) 25(6) 101530
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difference between the experimental and theoretical
mass-to-charge ratios (m/z), excluding uncalibrated mass
error. In contrast, for MaxQuant pipelines, all of these mass
error metrics are directly provided as part of the output. For
the MaxQuant pipeline, we additionally followed the PTXQC
approach to visualize TopN metrics, including their relation-
ship with retention time.

MS1 Analysis

The MS1 analysis is primarily based on data extracted from
a spectra file (*_ms_info.parquet) or, in MaxQuant, from the
msScans.txt. pmultigc processes this data to generate a se-
ries of analytical plots that provide a comprehensive overview
of MS1 scan characteristics across all runs. First, total ion
chromatograms are produced for all analyzed runs, repre-
senting the total ion intensity at each time point during the
MS1 scans. TICs provide an overview of the ion accumulation
profile across the chromatographic run. In contrast, MS1

base peak chromatograms highlight the most intense ion
signal at each time point, thereby emphasizing high-
abundance compounds while minimizing baseline noise
(Fig. 2B). In addition, MS1 peak plots illustrate the number of
peaks detected in each MS1 scan during a sample run, of-
fering insights into spectral complexity and signal richness
over time. Finally, a summary table titled “General Stats for
MS1 Information” is generated, which includes acquisition
date and time, total ion intensity for MS1, and total ion in-
tensity for MS2 scans. This table provides a concise overview
of the data quality and acquisition characteristics of each
sample.

MS2 and Spectral Statistics

pmultigc also provides comprehensive statistical analyses
of MS/MS spectra from both identified and unidentified
scans. Specifically, three major aspects are examined: num-
ber of peaks per MS/MS spectrum, peak intensity distribution,
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and distribution of precursor charges. Each of these metrics is
calculated separately for identified and unidentified spectra,
allowing for comparative evaluation of spectral complexity,
signal intensity, and charge state distribution across the
dataset. It is important to note that for DIA data, only identi-
fied spectra are available and included in this analysis.
Furthermore, pmultigc generates a summary table titled
“Pipeline Spectrum Tracking”, which tracks the number of
MS1 and MS2 spectra, as well as the number of spectra
identified by different search engines, including MS-GF+,
Comet, and Sage. The table also reports the number of reli-
able peptide spectrum matches used for quantification and
the number of quantified peptides that passed the final false
discovery rate thresholds at both the peptide and protein
levels. In addition, pmultiqc performs per-raw-file statistics,
summarizing the distribution of precursor charge states and
the number of 3D peaks (defined as peaks corresponding to
the same peptide sequence and the same charge state).

Software Versions and Parameters

A key element of reproducible proteomics and adherence
to FAIR principles (27) is the thorough documentation of
software versions and analysis parameters. pmultigc ad-
dresses this need by automatically extracting and presenting
detailed version information and pipeline configurations from
supported workflows. In the case of quantms, it generates
comprehensive documentation that includes software ver-
sions, workflow parameters, and a standardized methods
summary. The version tracking captures all tools used, such
as MS-GF+, Comet, DIA-NN, FragPipe, and MaxQuant,
ensuring reproducibility by accounting for even minor dif-
ferences that can impact results. Pipeline parameters,
including search settings, false discovery rate thresholds,
modifications, and quantification methods, are extracted
directly from YAML files and mzTab metadata, ensuring
consistency between documentation and actual analysis.
Additionally, pmultigc provides a citation-ready methods
description that can be included directly in manuscripts,
reducing the burden on researchers and promoting stan-
dardized reporting. For MaxQuant workflows, configuration
details are extracted from the parameters.ixt file, doc-
umenting key settings like search databases, enzyme
specificity, and mass tolerances, thereby supporting both
reproducibility and method comparison.

Pmultigc Online Service

An additional service called pmultiqc service was devel-
oped to enable multiple groups and laboratories to run
pmultigc as a scalable, distributed service. The pmultigc
service leverages Redis (https://redis.io/) to manage jobs
across distributed architectures with multiple nodes and
supports flexible deployment options, including Kubernetes
and Docker Compose, enabling seamless integration into
scalable computing environments. In addition to allowing

deployment within your own company or research lab, we
have deployed several distributed instances of pmultigc, one
of which is maintained by the PRIDE database team (https://
www.ebi.ac.uk/pride/services/pmultiqc/), one by the Bioin-
formatics Solution Center at FU Berlin (https://pmultigc.bsc.
fu-berlin.de) and another by Tibingen University (https://
abi-services.cs.uni-tuebingen.de/pmultiqc/). These instances
enable users of pmultigc to validate their data before sub-
mission to PRIDE or simply analyze their results. Users can
upload a ZIP file containing result files from supported tools
such as MaxQuant, FragPipe, DIA-NN, quantms, or mzl-
dentML plus peak list files.

Beyond generating reports from local data, the pmultigc
service also allows users to retrieve and analyze results directly
from PRIDE datasets by providing a ProteomeXchange
accession number. For example, users can submit an acces-
sion like PXD003133 to the service (https://www.ebi.ac.uk/
pride/services/pmultigc/submit?accession=PXD003133). This
functionality helps public proteomics data users evaluate
datasets before downloading or reusing them, even without
extensive bioinformatics expertise. When a pmultiqc report is
generated from local data or a PRIDE dataset, the pmultiqgc
service allows not only to download the results but also to
inspect the generated reports in a browser.

ProteoBench Integration

In addition to supporting protein quantification pipelines,
pmultigc also enables the visualization of ProteoBench out-
puts. ProteoBench (https://proteobench.cubimed.rub.de/) is
an open platform designed for benchmarking proteomics
data analysis workflows, allowing for standardized perfor-
mance evaluation across different tools and configurations.
ProteoBench extracts from different protein quantification
pipelines information on the peptide level into an intermediate
data format, which is then passed by pmultigc to generate
reports. The feature is available for the quantification bench-
marking modules, allowing a precomputed MultiQC report to
be downloaded and visualized in the user’s browser (e.g.,
https://pmultigc.quantms.org/ProteoBench/multigc_report.
html). The report contains sections that are more specific to
the experimental setup in ProteoBench, following the idea of
easy report customization. The report lists available infor-
mation across conditions (species), which includes the num-
ber of identified precursor ions, intensity distributions,
missing quantifications and identifications, coefficient of
variations, and log2 fold changes. These plots allow easy
identification of rather low-quality submissions.

DISCUSSION

pmultigc represents a major advancement in proteomics
quality control by offering a unified, metadata-aware frame-
work for comprehensive QC assessment across diverse
analytical workflows. Building on the visualization capabilities
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of MultiQC and re-implementing metrics from tools like the
PRIDE Inspector Toolsuite and PTXQC, pmultigc introduces a
lightweight, scalable solution for generating shareable web-
based QC reports without requiring complex infrastructure.
Its support for four major proteomics platforms, DIA-NN,
FragPipe, MaxQuant, quantms, and PRIDE Complete sub-
missions, demonstrates the feasibility of standardized QC
reporting in a field known for its methodological diversity
while preserving analytical depth and interpretability.

By combining comprehensive metric analysis with SDRF-
driven metadata, pmultiqc enables more sophisticated qual-
ity assessment strategies that provide actionable insights for
experimental optimization and troubleshooting. Its emphasis
on reproducibility and FAIR compliance directly addresses
key challenges in modern proteomics. Moreover, its flexible
deployment options, including manual execution in Python,
Docker containers, Docker Compose, and Kubernetes con-
figurations, make it accessible for both individual labs and
larger service facilities. Notably, the integration with public
data repositories like PRIDE (https://www.ebi.ac.uk/pride/
services/pmultigc/) enables researchers to generate and
share QC reports from multiple proteomics tools (e.g., Frag-
Pipe, DIA-NN, MaxQuant), facilitating data reanalysis and
comparative quality assessment across studies.

pmultigc's modular design allows anyone to expand it by
adding new workflows, tools, plots, QC metrics, or supported
file formats. Extensive documentation and examples further
lower the barrier for adoption and contribution. Looking
ahead, pmultigc’s metadata-aware approach should be
extended as more tools support SDRF and more results are
generated at the sample level, enabling the automatic gen-
eration of metrics without the need to combine run-based
results into sample-level results. Integration with bench-
marking initiatives like ProteoBench could also enhance its
role in performance evaluation and standardization. More
importantly, the Quality Control Working Group of the HUPO-
PSI developed the mzQC format (28) as a standard file format
for exchanging, transmitting, and archiving quality metrics
derived from MS. mzQC is growing its support by the com-
munity, but a generic visualization of these metrics and the
format is still missing. pmultigc will help the community to fill
that gap by providing an extendable, open-source library to
support mzQC visualization reports. Ultimately, pmultiqc aims
to boost and simplify generating and sharing QC reports in
proteomics for popular tools, communities, and Proteo-
meXchange partners. By offering a consistent and accessible
QC framework, it helps set baseline expectations for data
quality across various experimental designs and analytical
platforms.

DATA AVAILABILITY

The code for pmultigc is available on GitHub as open
source under the MIT license: https://github.com/bigbio/

pmultigc. In addition, the example QC reports can be read
on the pmultigc web page (https://pmultigc.quantms.org),
and all the example datasets can be found on the PRIDE
database FTP server.
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