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ABSTRACT

The field needs your data. Despite rapid progress in reproductive proteomics, a major barrier to
scientific advancement remains the limited availability and transparency of proteomic datasets.
Although more than 2000 sperm proteomics studies are indexed on PubMed, fewer than 414 datasets
have been deposited in ProteomeXchange, leaving the majority of published findings effectively
inaccessible for reanalysis. This Viewpoint highlights the urgent need for improved data stewardship,
standardised quality control and open access to raw mass spectrometry files across reproductive
biology. In this article, | outline how transparent false discovery rate control, true biological replica-
tion and clearly defined quantitative thresholds are essential for generating robust and interpretable
proteomic outputs. | further discuss how interactive data platforms, such as ShinyApps, can
substantially improve the accessibility and usability of these complex reproductive proteomic
datasets. Using recent examples, | demonstrate how public data reanalysis can uncover species-
conserved pathways, improve proteome coverage, validate biological functions and enable new
discoveries and insights far beyond the aims of the original studies. Finally, | present a practical roadmap
for authors, reviewers and journals to ensure that reproductive proteomics embraces the FAIR data
principles, and moves towards a culture where sharing raw data, comprehensive metadata and interac-
tive applications becomes standard practice. To support implementation, a concise checklist is provided
to summarise key criteria for data availability, quality control and metadata reporting. Improving data
accessibility and quality will not only strengthen individual studies, but will accelerate discovery and
create a more robust, connected and future-proof foundation for reproductive biology.

Keywords: data reuse, data stewardship, open science, publicly accessible data, quality control,
reproductive proteomics, roadmap, Shiny app.

The data gap in reproductive proteomics

Over the past two decades, proteomics has become a central discovery platform in
reproductive biology, with rapid expansion across species, tissues and biological contexts.
Large-scale proteomic studies now underpin fundamental biology advancements in infertility
diagnostics (Skerrett-Byrne et al. 2022; Kanaka et al. 2023; Kong et al. 2025), assisted
reproductive technologies (ART) (Azpiazu et al. 2014; Potiris et al. 2024), contraceptive
development (Zhang et al. 2024; Skerrett-Byrne et al. 2025a) and comparative reproduc-
tive biology (Bayram et al. 2016; Pini et al. 2025), spanning samples such as spermatozoa
(Skerrett-Byrne et al. 2022), testes (Lawrence et al. 2025), oocytes (Pfeiffer et al. 2015),
endometrium (Manousopoulou et al. 2019) and placenta (Bandres-Meriz et al. 2024). This
growth reflects advancements in mass spectrometry (MS) technology and increased
sensitivity (Liang et al. 2025), improved bioinformatical tools (Lou et al. 2023; Wang et al.
2025) and a broad recognition that post-transcriptional regulation is critical to reproductive
function (Skerrett-Byrne et al. 2025a).

Despite this expansion, the reproductive proteomics literature remains strikingly data-
poor. As an example, while 2069 sperm proteomics studies are indexed in PubMed, fewer
than 414 corresponding datasets have been deposited in ProteomeXchange partner
repositories such as PRIDE (PRoteomics IDEntifications) (Fig. 1a). Consequently, more
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Fig.1. (a) Timeline of reproductive proteomics publications (2014—2025, accessed 19th January 2026), green indicating searches on

PubMed and orange for searches on PRIDE. Annual PRIDE downloads (2021-2025) of raw MS data from reproductive proteomic
studies of (b) spermatozoa (Skerrett-Byrne et al. 2022), (c) seminal vesicles (Skerrett-Byrne et al. 2021), (d) oocytes (Pfeiffer et al.

2015), and the (e) endometrium (Manousopoulou et al. 2019).

than 80% of published studies cannot currently be reanalysed,
compared across laboratories, or integrated into larger cross-
species or meta-analytic frameworks. While this Viewpoint
draws heavily on sperm proteomics as a case study, the same
challenges apply across the female and male reproductive
tracts, where raw data availability and metadata completeness
are similarly inconsistent. ProteomeXchange and its partner
repositories such as PRIDE, were established specifically to
address these challenges, providing a stable, FAIR (Findable,
Accessible, Interoperable, Reusable) compliant infrastructure for
long-term storage, discovery and reuse of MS data (Wilkinson
et al. 2016; Perez-Riverol et al. 2024). Yet uptake within repro-
ductive biology lags behind what is seen in other biomedical
domains, limiting reproducibility and long-term scientific value.
The consequences are by no means trivial, with missing data
preventing meaningful comparison between studies, apparent
species- or condition-specific proteins cannot be reliably validated,
and valuable datasets are frequently lost when laboratories close,
personnel move on, or local storage fails.

Encouragingly, data deposition practices are improving
(Fig. 1a). The proportion of reproductive proteomics

studies depositing RAW data has increased steadily over
time, with 2024 showing the highest annual deposition rate to
date (63.8%), and an average 41% return rate between 2022
and 2025 (Fig. 1a). However, without stronger community
norms and journal-level requirements, this progress remains
incremental. Closing the data gap will be essential if reproduc-
tive proteomics is to mature from a collection of isolated
protein lists into a cumulative, integrative and future-proof
discipline. With this in mind, this Viewpoint covers the
following key areas: the importance of open access to raw
data; quality control in proteomics; the role of interactive data
platforms; and lastly, a roadmap for high-quality reproductive
proteomics.

Quality control in proteomics: a minimum
standard

Proteomics offers unparalleled power to interrogate repro-
ductive biology, yet this power carries a responsibility to
apply rigorous and transparent quality control (QC). Without
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clearly defined analytical standards, large protein lists can
unintentionally create a false sense of biological insight and
promote over-interpretation. As reproductive proteomics
continues to expand across reproductive tissues, cells and
species, inconsistent QC practices increasingly undermine
comparability and reproducibility.

At a minimum, confidence in protein identification
depends on stringent database search parameters and false
discovery rate (FDR) control. Given the high level of accuracy
and sensitivity in contemporary MS technology, database
searches should employ appropriately stringent mass tolerances
that reflect instrument performance and acquisition mode.
Typically, these tolerances should be approximately 10 ppm
(parts per million) and 0.05 Da (Daltons) for MS1 precursors
and MS2 fragments, respectively. Likewise, protein, peptide
and peptide-spectra match (PSM) identifications should be
filtered at least < 1% FDR, applied consistently and reported
transparently. Relaxing on the parameters assigned to these
thresholds may inflate protein numbers, but they do so at
the cost of confidence, particularly in studies making claims
about rare reproductive tissues/cells, condition-specific or
species-specific proteins.

The quality of protein annotation further shapes biological
interpretation, especially in non-model organisms (Pini et al.
2025). Reliance on outdated or poorly curated proteomes can
exaggerate apparent novelty and inflate claims of ‘unique’
proteins. When analysed under consistent QC frameworks and
updated annotated databases (please see NCBI and UniProt),
many such identifications are revealed to be conserved
homologues or artefacts of limited depth or annotation gaps.
Cross-species studies therefore require orthologue mapping
strategies to avoid false absences and misleading biological
conclusions (Pini et al. 2025).

Beyond identification confidence, biological replication
remains a frequently overlooked component of QC. Some
reproductive proteomic studies continue to rely on single
biological samples that are repeatedly measured and treated
as independent replicates. Within each experimental group
(e.g. control and treated), biological replicates must represent
independent biological units, typically different individuals
rather than repeated measurements of the same individual
under identical conditions. Sampling the same individual is of
course appropriate when examining temporal or conditional
effects on that one individual. While practical constraints are
acknowledged, such as rare species (Nixon et al. 2019),
insufficient biological replicates fundamentally limits statistical
power, obscures biological variability and restricts interpretability.

Finally, clear and transparently reported quantitative
criteria are equally important in defining your true list of
proteins. I contend that each identified protein should contain
a quantitative value in at least 80% of your biological
replicates (e.g. four out of five biological replicates) to be
included. Next, differential abundance claims should be
supported by defined cut-offs applied across this substantial
proportion of biological replicates. At minimum a threshold

for significant dysregulation should be a fold change of + 1.5
(or —0.585 < Log, FC > 0.585), supported by testing such as
P-value or ANOVA where appropriate, with a minimum of
< 0.05 (or -Log;o P-value > 1.3). However, fold change
thresholds should be interpreted in the context of absolute
protein abundance, as modest fold changes in highly abundant
proteins may represent substantial biological shifts, whereas
large fold changes in low-abundance proteins may reflect
limited quantitative impact (Kammers et al. 2015). Pascovici
et al. (2016) further highlight that conventional multiple-
testing corrections can be overly stringent in proteomics and
may mask genuine biologically meaningful differences,
particularly in low-power experimental designs.

Together, these considerations define the foundational
analytical standard required for reproducible and interpretable
reproductive proteomics. Adoption of transparent, consistent
QC frameworks will not restrict discovery, instead, it will
ensure that reported findings are robust, comparable and
biologically meaningful across the increasingly diverse
landscape of reproductive proteomics.

The role of interactive data platforms

Even when proteomic datasets are publicly available, their
practical utility is often limited by how they are presented.
Static supplementary tables, frequently large, fragmented
and poorly annotated, remain the dominant mode of data
dissemination. While sufficient for archival purposes, these
formats create high barriers to exploration, comparison and
reuse, particularly for researchers without specialised bioinfor-
matics expertise. As reproductive proteomics datasets grow in
size and complexity, new approaches are required to make
shared data genuinely accessible and intuitively usable.
Interactive data platforms, such as Shiny web-based
applications or similar frameworks, provide a powerful solution
to this challenge. Recent examples from reproductive biology
illustrate what becomes possible when open data are paired
with interactive visualisation. ShinySperm (Skerrett-Byrne et al.
2024), for instance, demonstrate how publicly available
reproductive proteomics datasets can be transformed into
intuitive, searchable resources that support hypothesis genera-
tion. Rather than treating datasets as fixed end products, these
platforms allow researchers to interrogate whole protein lists
by functional category (e.g. kinases) or subcellular localisation
(e.g. acrosome), with live visualisation of filtered proteomic
data (e.g. volcano plots and heatmaps). This enables users to
tailor exploration directly to their specific biological questions.
Extending this concept, ShinyEpididymis (Trigg et al. 2026),
integrates several independent datasets spanning epididymo-
somes, epididymal spermatozoa and tissue, enabling cross-
study comparisons that would be more impractical using
traditional supplementary materials alone. The inclusion of
features such as ‘snapshot’ allows researchers to query large
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lists of proteins/genes at once, and assess their reported
detection across all available datasets. Importantly, these
principles are not limited to proteomics. Similar interactive
frameworks have now been applied to sperm epigenome
datasets, demonstrating the broader applicability of open,
platform-based data exploration across reproductive omics
(Skerrett-Byrne et al. 2025b; Laurent et al. 2026). Together,
these tools enhance transparency, reproducibility and longevity
by allowing the community to explore exactly the datasets
underpinning published conclusions.

Beyond technical accessibility, interactive platforms democra-
tise data use across the reproductive biology community.
Clinicians, veterinarians, wildlife biologists and fundamental
biology researchers can all interrogate the same datasets
without requiring bespoke pipelines or advanced coding
skills. This shared interface fosters cross-disciplinary engage-
ment and maximises the return on investment from often
scarce or ethically sensitive biological samples. As reproductive
proteomics continues to scale, journals and funders should
consider encouraging the integration of interactive data
resources alongside manuscripts. When coupled with open
access to raw data and transparent QC, such platforms trans-
form proteomic datasets from static supplements into living
community resources, capable of evolving, being reanalysed
and generating insights well beyond the scope of the
original study.

The importance of open access to raw data

Open access to raw MS data represents the single most
effective intervention for improving rigour, transparency and
long-term value in reproductive proteomics. While processed
protein lists and summary tables capture the conclusions of a
study, only raw data preserve the full informational content
required for independent validation, reanalysis and future reuse.
Without access to raw MS files, reproducibility is inherently
limited. Public repositories such as ProteomeXchange and
its partner databases, including PRIDE, provide a mature,
FAIR-compliant infrastructure for the deposition of raw MS
files alongside processed outputs and metadata. When fully
utilised, these resources enable datasets to be reanalysed
using updated software, improved databases and more stringent
quality control frameworks, often yielding increased proteome
coverage, improved quantification and reduced false discovery
rates compared with the original analyses.

The impact of raw data accessibility is already evident in
large-scale reanalysis efforts such as ShinySpermKingdom
(Pini et al. 2025). This resource was only possible because
the underlying datasets included accessible raw files with
sufficient metadata to support uniform reprocessing. Reanalysis
of 29 publicly available sperm proteomic datasets, amounting
to > 2 TB of raw MS data, using contemporary stringent
pipelines substantially improved proteome coverage across

several species (> 13,800 proteins), identified a core set of 135
conserved proteins underpinning essential sperm functions,
and both conserved and species-specific molecular pathways.
Importantly, this work extended beyond this reanalysis by
utilisation of knockout mouse models, confirming roles for
these conserved proteins in motility and fertilisation capacity,
as well as clinical evidence underscoring these proteins’
importance. These advances extend well beyond the original
aims of the contributing studies, illustrating the compounding
scientific value of open data. Furthermore, utilising PRIDE’s
project usage metrics, several reproductive proteomic datasets
show substantial growth in data downloads. These include
datasets from spermatozoa (Skerrett-Byrne et al. 2022) (Fig. 1b),
seminal vesicles (Skerrett-Byrne et al. 2021) (Fig. 1c), oocytes
(Pfeiffer et al. 2015) (Fig. 1d) and endometrium (Manousopoulou
et al. 2019) (Fig. 1e), each recording a > 64-fold increase in
downloads from 2022 to 2025, demonstrating accelerating
uptake of reproductive proteomics data across and beyond
the field.

Conversely, the absence of raw data imposes hard limits on
what the field can achieve. Studies that provide only filtered
protein tables cannot be meaningfully reanalysed, compared
across platforms or integrated into meta-analyses. Incomplete
metadata, such as missing information on species, tissue
origin, enrichment strategies, acquisition mode, instrument
model or fragmentation settings, further erodes data utility,
even when raw files are available. The Sample and Data
Relationship Format (SDRF), introduced by the proteomics
community, provides a practical solution by standardising
experimental metadata and explicitly linking samples, variables
and raw data files in a reusable format (Dai et al. 2021).

An important consideration for human studies is the
growing recognition of Indigenous data sovereignty, where
biological samples and associated data are regarded as
belonging to Indigenous peoples and their communities rather
than individual researchers or institutions (Garrison et al.
2019). In such cases, culturally appropriate governance
frameworks developed through meaningful engagement with
Indigenous communities and Indigenous scientists, alongside
community consent processes, may limit unrestricted public
deposition of datasets in international repositories, highlighting
the need to balance open science with respect for Indigenous
data governance principles (reviewed in detail by Hudson et al.
2020) and the CARE principles (Collective Benefit, Authority to
Control, Responsibility, and Ethics) by Carroll et al. (2023).

Mandatory deposition of raw MS files, accompanied by
processed outputs and comprehensive metadata (SDRF),
would immediately elevate standards across reproductive
proteomics. Such datasets represent ‘living’ resources from
which we can continuously yield new insights (Dai et al. 2024;
Pini et al. 2025), enabling robust cross-study comparisons
spanning species, tissues and developmental contexts. For rare
human samples, endangered species or longitudinal clinical
cohorts, failure to share raw data represents an irreversible
loss of biological information. Embracing routine raw data
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deposition is therefore not merely a technical consideration,
but a necessary cultural shift toward cumulative, sustainable
and integrative reproductive science.

A roadmap for high-quality reproductive
proteomics

Improving data quality and accessibility in reproductive
proteomics does not require new technologies or extensive
infrastructure. Instead, it requires clear expectations, shared
standards and consistent enforcement across authors, reviewers
and journals. The following practical recommendations outline
achievable steps that would substantially strengthen rigour,
reproducibility and long-term data value across the field.

For authors, raw MS files, processed outputs should be
deposited in a ProteomeXchange partner repository prior to
manuscript submission, accompanied by comprehensive
metadata describing species, tissue, experimental design,
acquisition parameters and analysis pipelines. Studies should
employ true biological replication and apply stringent and
transparent QC thresholds. Where feasible, authors should
consider providing interactive data resources to facilitate
exploration and reuse for the community (Skerrett-Byrne
et al. 2024, 2025b; Pini et al. 2025).

For journals, mandatory deposition of raw data with
private reviewer login details during peer review should
become standard practice. Requiring structured QC and
metadata checklists, covering FDR control, replication,
quantitative thresholds and metadata completeness, would
support reviewers and promote consistency across publications.
Journals are also well placed to encourage interactive data
visualisation applications as complementary resources, partic-
ularly for large or integrative proteomic studies.

For reviewers, scrutiny should extend beyond headline
protein numbers to include evaluation of QC practices, replica-
tion, metadata completeness and raw data availability. Where
analytical parameters appear weak or inconsistent, reviewers
should feel empowered to request clarification or reanalysis.
However, meaningful assessment is only possible if data is
accessible at the time of review, reinforcing the importance
of journal-level deposition requirements.

Together, these actions provide a realistic roadmap toward
a more transparent, reproducible and integrative reproduc-
tive proteomics ecosystem. Establishing shared expectations
around data quality and accessibility will not constrain
discovery, but rather, it will ensure that individual studies
contribute meaningfully to a cumulative and durable
scientific foundation.

Conclusion

This Viewpoint provides a clear, constructive, and forward-
looking case for improving data quality and accessibility in

reproductive proteomics. It advocates for shared standards
across species, systems and journals, with the goal of
accelerating discovery and strengthening confidence in
published proteomic findings. Reproductive proteomics has
benefited from extraordinary technological advances and
substantial investment of time, expertise and biological
material. When raw data, rigorous QC and transparent metadata
are embraced as standard practice, each dataset becomes far
more than a single publication — it becomes a reusable
community resource that can be reanalysed, integrated and
extended as new questions and tools emerge. The future of
reproductive proteomics will be shaped not only by the
proteins we report, but by the data we choose to share.

The field does not just need new findings. The field needs
your data.

Supplementary material

Supplementary material can be accessed from the article page
online.
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