
cdr

Open science, communication, and
collaboration for the future of palaeoproteomics

Item Type Article

Authors Dekker, Joannes Adrianus Antonius;Peters, Carli;Winter, Rachel
M.;Collins, Matthew J.;Dickinson, Marc R.;Harvey, Virginia
L.;Hill, Eden;Nair, Bharath;Tsutaya, Takumi;Viñas-Caron, Laura
C.;Warinner, Christina;Welker, Frido;Fagernäs, Zandra

Citation Dekker, J. A. A., Peters, C., Winter, R. M., Collins, M. J., Dickinson,
M. R., Harvey, V. L., Hill, E., Nair, B., Tsutaya, T., Viñas-Caron,
L. C., Warinner, C., Welker, F., & Fagernäs, Z. (2025). Open
science, communication, and collaboration for the future of
palaeoproteomics. Peer Community Journal, 5, article-number
e77. https://doi.org/10.24072/pcjournal.576

DOI 10.24072/pcjournal.576

Publisher Peer Community In

Journal Peer Community Journal

Download date 2026-05-11 08:27:12

Item License https://creativecommons.org/licenses/by/4.0/

Link to Item http://hdl.handle.net/10034/629564

http://dx.doi.org/10.24072/pcjournal.576
https://creativecommons.org/licenses/by/4.0/
http://hdl.handle.net/10034/629564


Open science, communication, and collaboration for the 
future of palaeoproteomics 
 
Authors: 
Joannes A. A. Dekker1,2,3, Carli Peters4,5, Rachel M. Winter6, Matthew J. Collins1,7, Marc R. 
Dickinson8, Virginia L. Harvey9, Eden Hill10,11, Bharath Nair7, Takumi Tsutaya12, Laura C. Viñas-
Caron1, Christina Warinner13,14,15, Frido Welker1, Zandra Fagernäs1 

 
 
Affiliations: 

1. Globe Institute, University of Copenhagen, Copenhagen, Denmark 
2. BioArCh, University of York, York, United Kingdom 
3. Department of Life Sciences and Systems Biology, University of Turin, Italy 
4. Interdisciplinary Center for Archaeology and the Evolution of Human Behaviour, 

Universidade do Algarve, Faro, Portugal 
5. Department of Archaeology, Max Planck Institute of Geoanthropology, Jena, Germany 
6. Center for Research on Biodiversity and Environment, University of Toulouse, Toulouse, 

France 
7. McDonald Institute for Archaeological Research, University of Cambridge, Cambridge, 

United Kingdom 
8. Department of Chemistry, University of York, York, United Kingdom 
9. School of Natural Sciences, University of Chester, Chester, United Kingdom 
10. Department of Archaeogenetics, Max Planck Institute for Evolutionary Anthropology, 

Leipzig, Germany 
11. Department of Geosciences, Eberhard Karl University of Tübingen, Tübingen, Germany 
12. Research Center for Integrative Evolutionary Science, The Graduate University for 

Advanced Studies (SOKENDAI), Kanagawa, Japan 
13. Department of Anthropology, Harvard University, Cambridge, USA 02138 
14. Department of Human Evolutionary Biology, Harvard University, Cambridge, USA 02138 
15. Department of Archaeogenetics, Max Planck Institute for Evolutionary Anthropology, 

Leipzig, Germany 04103 
 
Corresponding author: 
Zandra Fagernäs 
Øster Farimagsgade 5 
Building 7, 1st floor 
1353, Copenhagen 
Denmark 
zandra.fagernas@sund.ku.dk 
 
  



Abstract 1 

 2 
Palaeoproteomics focuses on studying the past by analysing proteins preserved in historical, 3 
archaeological, and palaeontological materials. Over the past fifteen years, the number of 4 
publications and research questions in this field has grown substantially, as has the number of 5 
researchers and research groups utilising palaeoproteomic methods. PAASTA 6 
(Palaeoproteomics And Archaeology, Society for Techniques and Advances) is an international 7 
early career researcher-driven community, which aims to bring together researchers from all 8 
subdisciplines of palaeoproteomics by providing a platform for open communication. Here, we 9 
discuss ways in which this fast-growing research field can benefit from adopting principles of open 10 
science and increased communication and collaboration between researchers. We approach this 11 
question from all stages of a typical research project, from experimental design and sample 12 
selection, to data analysis and raw data sharing. Although we acknowledge that each of these 13 
guidelines and recommendations may not be applicable to every research project, we aim to 14 
provide a foundation which, when applied collectively, will strengthen the future of 15 
palaeoproteomics. 16 
  17 



Introduction 18 

 19 
The field of palaeoproteomics concerns the study of the past through proteins preserved in 20 
historical, archaeological, and palaeontological materials (Warinner et al., 2022). The number of 21 
publications per year in this field has increased significantly over the last fifteen years (Fig. 1), 22 
with palaeoproteomics being applied to an ever-expanding number of material types and research 23 
questions. Broadly, the field can be classified into three categories of questions, each 24 
progressively focusing on finer details of the proteome: I) identification of proteins, II) identification 25 
of protein sequence variation, and III) identification of amino acid modifications.  26 

 27 
Figure 1. Number of palaeoproteomics articles published each year since 2010 (excluding preprints). The 28 
list of papers was compiled by a Web of Science query (accessed on 14 June 2024) using the search terms: 29 
“palaeoproteomics” OR “paleoproteomics” OR “ancient proteins” OR “ZooMS” OR “collagen fingerprinting” 30 
OR “peptide mass fingerprinting”. Preprints, meeting abstracts, and entries that did not relate to the study 31 
of ancient proteins were removed from the WoS dataset. Palaeoproteomic papers that were missing from 32 
this list and papers that were published after the WoS search date were manually added to the dataset. 33 
This figure was made in R v.4.4.2. with R Studio v.2024.12.0+467 (R Core Team, 2023) using ggplot2 34 



(Wickham, 2016). See also the archived Dataset on Zenodo (10.5281/zenodo.14899604) for a full record 35 
of the curated dataset. 36 

 37 

 A large fraction of palaeoproteomic studies utilise the detection of a specific protein to 38 
identify certain events or practices from the past. For example, the detection of proteins relating 39 
to milk consumption from dental calculus is a way of identifying the use of animals for dairying in 40 
the past (Hendy, Warinner, et al., 2018; Scott et al., 2022; Warinner, Hendy, et al., 2014). 41 
Similarly, proteins deriving from pathogens or the immune response can give indications of the 42 
presence of a disease (Fotakis et al., 2020; Warinner, Rodrigues, et al., 2014; Wilkin et al., 2024), 43 
while the presence of one or both of the amelogenin proteins, which are encoded on the sex 44 
chromosomes, can be used to assign genetic sex (Stewart et al., 2017). On a wider scale, 45 
metaproteomics utilises all proteins present in a sample to collectively study the material (Hendy, 46 
Warinner, et al., 2018; Jersie-Christensen et al., 2018). Specific questions about the past can 47 
thereby be answered through the identification of proteins in different materials. 48 

 Amino acid sequence variation in proteins between species has led to palaeoproteomic 49 
approaches for taxonomic identification being developed, such as ZooMS (Zooarchaeology by 50 
Mass Spectrometry; Buckley et al., 2009) and SPIN (Species by Proteome INvestigation; Rüther 51 
et al., 2022). These allow for the taxonomic identification of skeletal remains even when no 52 
morphologically identifiable characteristics are present, or when osteomorphology is too similar 53 
between taxa for distinctions. This approach has also been successful in the study of cloth 54 
materials like textiles, fur and leather (Azémard et al., 2021; Brandt et al., 2014; Hollemeyer et 55 
al., 2008; Solazzo & Phipps, 2022; Viñas-Caron & Brandt, 2025), as well as art and heritage 56 
objects such as paintings and manuscripts (Di Gianvincenzo et al., 2023; Fiddyment et al., 2015, 57 
2019; Kirby et al., 2013, 2020, 2023; Teasdale et al., 2017). Furthermore, variation in amino acid 58 
sequences between taxa also allows for phylogenetic placement (Buckley, 2015; Cappellini et al., 59 
2019; Cleland et al., 2015, 2016; Demarchi et al., 2022; Harvey et al., 2021; Lowenstein et al., 60 
1981; Schroeter et al., 2017; Welker et al., 2015, 2020), enabling reconstruction of phylogenetic 61 
trees and hypotheses about evolutionary relationships between extinct and extant species. Long-62 
standing questions in other research fields, such as zooarchaeology, palaeoanthropology, 63 
historical ecology, or zoology, can thereby be addressed through the study of protein sequence 64 
variation. 65 

 Finally, identification of post-translational modifications (PTMs) of amino acids can provide 66 
valuable information about the history and preservation of proteins. For example, deamidation of 67 
asparagine and glutamine has been proposed as both a preservation or degradation indicator 68 
and a means of assessing the relative preservation of a detected protein or peptide (Brown, 69 
Kozlikin, et al., 2021; Cleland et al., 2015; Ramsøe et al., 2020, 2021; Schroeter & Cleland, 2016; 70 
Wilson et al., 2012), and for more specific purposes, such as investigating manufacturing 71 
differences in parchment (Nair et al., 2023). The extent of photo-oxidative modifications can lead 72 
to inferences about past light exposure of artistic or cultural heritage materials, such as paintings 73 
(Mackie et al., 2018). However, caution should be applied when interpreting deamidation for 74 
authentication purposes, as factors other than age can also influence deamidation rates (Brown, 75 
Kozlikin, et al., 2021). Additionally, amino acid racemisation—the spontaneous interconversion of 76 
L-amino acids to their D-enantiomers over time—provides a valuable chronological tool for age 77 



determination. Amino acid geochronology has been successfully applied to various materials, 78 
such as shells, eggshells, coral, and enamel, enabling relative dating in palaeontological and 79 
archaeological contexts (Dickinson et al., 2024; Miller et al., 1992; Penkman et al., 2011; 80 
Wehmiller et al., 1976). Evaluating the extent of protein decomposition, through processes like 81 
racemisation, can be useful for screening potential samples for proteomic analysis (Presslee et 82 
al., 2021), and confirming the presence of endogenous amino acids (Cappellini et al., 2019), a 83 
key consideration for older or more degraded samples at the limits of palaeoproteomic analysis. 84 
More broadly, the survival of stable amino acids and the presence of degradation products, first 85 
explored by Abelson (1954), is evidence for the persistence of protein remnants into deep time 86 
(Saitta et al., 2024). 87 

 The field of palaeoproteomics is thereby highly diverse in terms of both research questions 88 
and methodological approaches. However, researchers in this field commonly face several 89 
issues. For example, ancient proteomes are inherently complex and often contaminated. Even in 90 
cases where only one protein or peptide is the object of research, proteins stemming from the 91 
burial environment and subsequent storage and handling may be present on the studied material, 92 
or introduced during the extraction process (Fagernäs et al., 2025; Hendy, Welker, et al., 2018). 93 
Ancient proteins are also degraded and damaged, complicating analyses (Hendy, 2021). Finally, 94 
the materials that are studied through palaeoproteomics are often rare and/or of significant 95 
cultural heritage value. Precautions should be taken and efforts made to minimise the damage 96 
that is caused when sampling for palaeoproteomic analyses. Since these issues, and many more, 97 
are shared by this research community, the solutions can also be shared. 98 

PAASTA, short for Palaeoproteomics And Archaeology, Society for Techniques and 99 
Advances, is an international, early career researcher-driven community of palaeoproteomics 100 
researchers. Founded in 2023 as an affiliate of the International Society for Biomolecular 101 
Archaeology (ISBA), PAASTA follows the example of other successful early career researcher-102 
driven communities like SPAAM (Standards, Precautions, and Advances in Ancient 103 
Metagenomics). PAASTA’s main mission is to promote greater collaboration and transparency 104 
within the field. By fostering a sense of community, we hope to minimise the risk of encountering 105 
some of the challenges that have emerged in other fields, especially for early career researchers, 106 
through competition and lack of communication (Callaway, 2017; Horsburgh, 2024; Jones, 2022; 107 
Källén et al., 2024). By providing a platform for researchers with an interest in palaeoproteomics 108 
to communicate with each other in a supportive manner, the community aims to improve 109 
connections between groups at different research institutes and across the world. In this manner, 110 
we aim to advance palaeoproteomics by sharing knowledge and jointly finding solutions to 111 
problems faced by many researchers in the field. In practice, this is achieved by providing an 112 
online space for communication, organising events such as virtual seminars and an annual 113 
conference, as well as facilitating collaborative projects within the community. All researchers are 114 
welcome to join the community, irrespective of research focus or career stage, but we particularly 115 
encourage an open space for early career researchers to ask questions and engage in 116 
discussions.  117 

At the core of PAASTA is an aim to make the emerging and fast-developing field of 118 
palaeoproteomics more open, communicative, and collaborative. Here, we walk through the usual 119 
steps of a palaeoproteomics project, and discuss how each step could align with these principles, 120 



while also integrating the FAIR (guidelines for making data Findable, Accessible, Interoperable 121 
and Reusable; Wilkinson et al., 2016) and CARE (guidelines for sharing Indigenous Peoples data; 122 
Collective benefit, Authority to control, Responsibility and Ethics; Research Data Alliance 123 
International Indigenous Data Sovereignty Interest Group, 2019) principles. We are aware that 124 
each archaeological science project is unique and all suggestions below are unlikely to be 125 
applicable to all projects. However, by discussing and promoting different options and guidelines, 126 
we can establish a baseline for this community and collectively strengthen the research field step-127 
by-step. 128 

Experimental Design 129 

 130 
The first step in any palaeoproteomics project is setting up an appropriate research design and 131 
sampling strategy that can answer the specific research question asked. Such a strategy should 132 
be thoroughly discussed with all relevant stakeholders and planned prior to sampling. Depending 133 
on the context of the material being studied, ethical sampling guidelines by discipline may already 134 
be in place and available for consultation (e.g. Institute of Conservation Heritage Science Group 135 
(Quye & Strlič, 2019), Paleontological Research Institution’s Special Terms and Conditions for 136 
Technical Analysis/Destructive Sampling). Such documents can provide palaeoproteomics 137 
researchers with initial insight into the perspectives and guidelines of their collaborators. Various 138 
factors should be taken into account, such as preservation differences within samples 139 
(Ásmundsdóttir et al., 2024) or sites (Le Meillour et al., 2024), sample treatment (e.g., legacy 140 
samples or museum specimens; (Haghighi et al., 2024) and manufacturing processes (e.g. liming, 141 
tanning, dyeing; (Ebsen et al., 2019; Nair et al., 2023; Solazzo et al., 2014). Curators have 142 
become increasingly wary about destructive analysis as a result of the “... tension between the 143 
professional obligations of curators to faithfully steward archaeological collections and ensure 144 
their ongoing integrity and the “harvesting” desires of specialists intent on industrial-scale aDNA 145 
research in the absence of a research question” (Källén et al., 2024). To avoid a breakdown in 146 
relationships between communities, archaeologists and museums, we must ensure that 147 
destructive sampling is minimised, thoroughly discussed and understood by all parties in advance, 148 
and that additional research opportunities have been carefully considered. Wherever possible, 149 
the use of ‘self-sampled’ material–fragments that have already detached from the object or 150 
material–should be prioritised to avoid damage to the main mass. Conversations supported by 151 
visual aids (e.g., Kirby et al., 2020) demonstrating the minimal sample sizes and minimally 152 
destructive approaches used in palaeoproteomics (Fiddyment et al., 2015) can help illustrate how 153 
the field is striving to balance information gain with the preservation of cultural and natural heritage 154 
materials. There is no single right answer for this tradeoff between preservation and obtaining 155 
new information through (potentially) destructive analysis, rather it will be extremely case-specific, 156 
depending on the amount of material available, the research question and the risk of an 157 
unsuccessful analysis. The core of conversations with curators and other stakeholders should 158 
therefore be to obtain ‘informed consent’, with all parties subscribing to the aim of the analysis 159 
and being aware of the risks involved. Given that the methods for extracting aDNA, proteins, and 160 
lipids target different physicochemical characteristics of each material, it should be the intention 161 



to sample in a way that maximizes the potential to generate complementary datasets from the 162 
same sub-samples (e.g., for archaeogenetic analysis, isotopic analysis, radiocarbon dating).  163 
 164 

Palaeoproteomic analyses are destructive to varying degrees, as part of a specimen is 165 
irreversibly removed, but the degree of destructiveness varies depending on the chosen 166 
extraction protocol. Minimally destructive protocols have also been developed, but vary in their 167 
success levels (Z. Evans et al., 2023; Hansen et al., 2024). Open and collaborative 168 
communication with those that provide us with material to sample (communities, archaeologists, 169 
conservators, collection managers, etc.), addressing the risks of the study and the extent of 170 
sampling destructiveness (e.g., the amount of material required and what will remain), is essential 171 
for balancing the needs of palaeoproteomics research with the conservation of objects or remains 172 
(Fiddyment et al., 2015; Fleskes et al., 2022; Pálsdóttir et al., 2019). This will also aid in 173 
understanding the conservation history of the sample, which may influence which analyses can 174 
be conducted, such as the introduction of modern contaminants or treatment with animal-based 175 
glues (Haghighi et al., 2024; van der Sluis et al., 2023). During the sampling process, it is also 176 
recommended to take high-quality photos before and after sampling of the specimen; additionally, 177 
institutions curating human remains may require 3D or CT scanning of remains prior to destructive 178 
analysis, which adds to the cost. Documentation prior to and after sampling will both aid in 179 
identifying visual indicators that distinguish successful/unsuccessful samples and promote 180 
transparency regarding the traces left by sampling methods on ancient specimens. 181 
 182 

Collaboration across different research specialties is both essential and highly beneficial 183 
for the success of a research project. When working with material that originates directly from an 184 
archaeological site, it is vital to work collaboratively with the site specialists, excavation teams, 185 
and any other specialists involved. They have the site-specific knowledge about stratigraphy, 186 
taphonomy, and chronology of the archaeological contexts, all of which should be taken into 187 
account when selecting which material is suitable to sample for palaeoproteomics research. The 188 
value of any archaeological object for our understanding of the past is highly dependent on the 189 
archaeological context it was found in. Engaging with archaeologists, curators or other 190 
stakeholders from the earliest stages of experiment design can be immensely helpful in ensuring 191 
that the selected samples match the research questions and that the research questions 192 
themselves will meaningfully contribute to advancing our understanding of the past. 193 
Palaeoproteomic research offers the opportunity to open up new lines of questioning and address 194 
research questions that other methodologies are not well suited for, but its full value can only be 195 
achieved through integration in theoretical frameworks including data obtained from other 196 
methodologies. For example, in the case of ZooMS and SPIN, active collaboration with 197 
zooarchaeologists that work with the faunal material is crucial to the development of a suitable 198 
sampling strategy that not only takes into account the palaeoproteomic perspective, but that also 199 
helps address specific research questions stemming from zooarchaeology (Hansen et al., 2024; 200 
Sinet-Mathiot et al., 2019, 2023). Additionally, an understanding of the faunal spectrum is 201 
essential for maximising the specificity of the taxonomic identifications made with methods like 202 
ZooMS and SPIN. Whilst certain taxa may share the same peptide sequences, they can often be 203 
distinguished based on their temporal and geographic distribution. Further, closer collaboration 204 
with specialists in other fields in biomolecular archaeology (e.g., isotope ratio mass spectrometry, 205 



archaeogenomics, and organic residue analysis) can lead to the development of simultaneous or 206 
sequential extraction protocols that minimise the need for duplicated destructive sampling 207 
(Fagernäs et al., 2020; Rusu et al., 2019). Where possible, any remaining material following 208 
analyses should be carefully returned to collections to support future research opportunities and 209 
reduce the need for additional sampling. Finally, collaboration with bioinformaticians and 210 
statisticians can help enhance data analysis and interpretation, as well as ensure that the 211 
research design has the power to answer the research question. While a single sample may be 212 
enough for taxonomic identification of a specimen, other applications such as method 213 
development and comparisons between populations or archaeological sites need more samples, 214 
and it is essential to ensure that a statistically robust experimental design is set up prior to 215 
sampling. We also want to emphasize the necessity of equality between fields in a 216 
multidisciplinary study. All methods, including biomolecular techniques such as 217 
palaeoproteomics, but also macro- or microscopic methodologies, have their own limitations and 218 
advantages. The added value of multidisciplinarity lies in the integration of the contributions from 219 
different analyses in a single framework. 220 

 221 
The rights of Indigenous peoples and the colonial nature of resource-intensive ancient 222 

biomolecular research have long been debated in archaeology and archaeological science, and 223 
most recently heavily discussed in the field of archaeogenetics (Fleskes et al., 2022; Källén, 2025; 224 
Källén et al., 2024; Somel et al., 2021). As an emerging field, palaeoproteomics can learn from 225 
the discussion on the ethics of archaeological research and has the potential to democratise 226 
ancient biomolecular research by promoting communication and collaboration with stakeholders 227 
and researchers in the country of origin of the samples (Paterson et al., 2024). Participation in 228 
palaeoproteomic research can also be broadened through citizen science projects (Brandt et al., 229 
2022). Since proteins can be analysed from materials that are significantly older than those used 230 
for aDNA studies (Cappellini et al., 2019; Demarchi et al., 2022; Harvey et al., 2018; Welker et 231 
al., 2020), the ethical dimensions of palaeontological research, which have not been much 232 
discussed in aDNA research, may become a challenge for palaeoproteomics. For example, 233 
palaeontological specimens are sometimes commercially traded or privately owned. Although 234 
more rarely the case in archaeology, similar ethical concerns arise in the study of privately owned 235 
or commercially traded art objects, such as paintings, where issues of provenance, access, and 236 
research use must also be carefully considered. The research use of such specimens is debated 237 
in palaeontology (Haug et al., 2020; Rayfield et al., personal communication, 2020; Santucci et 238 
al., 2016), and an open interdisciplinary discussion among researchers within palaeoproteomics 239 
is essential to establish clear ethical guidelines that balance scientific advancement with respect 240 
for the cultural, legal and ownership complexities surrounding these materials. Existing 241 
frameworks, such as the Society for Vertebrate Paleontology’s ethical guidelines regarding the 242 
use of commercial specimens (Society of Vertebrate Palentology, 2025), may provide useful 243 
models for developing such standards. 244 
  245 



Protein Extraction and Data Acquisition 246 

 247 
Protein extraction protocols are continuously being developed to increase the amount of high-248 
quality data that is obtained from each sample. Sharing laboratory protocols is essential for 249 
reproducibility of studies and for advancing the field as a whole. Methods sections in traditional 250 
journal publications are, however, often limited in the amount of detail that can be included. 251 
Recreating a protocol based on methods reported within an article can therefore be highly 252 
challenging. Furthermore, citations to methods in previous publications often lead to issues with 253 
finding the original protocol, including broken citation chains and publications being paywalled 254 
(Standvoss et al., 2024). Sharing detailed stepwise protocols on open platforms, such as 255 
protocols.io, ensures that the method can be accurately adapted by other researchers, while also 256 
ensuring that the original publication is cited, and that different adaptations of the same protocol 257 
can be traced using a version-tracking system (e.g. Brown et al., 2020; Poujois & Le Meillour, 258 
2023; Scott & Warinner, 2020). For methods sections in journal articles, guidelines have been 259 
created for what should be included (Giraldo et al., 2018), containing details ranging from the 260 
protocol version that is used, to the precise equipment, consumables and reagents, and exact 261 
procedures used at each step. This level of detailed method sharing ensures that for each 262 
destructive sampling of archaeological specimens, the most appropriate protocol can be selected 263 
and applied, irrespective of which research group is analysing the specimen. 264 
 265 

Considering the unique nature of archaeological samples, it can be difficult to evaluate the 266 
effectiveness of a protocol at extracting proteins, even if its details have been shared fully. A more 267 
widespread inclusion of positive controls or standards would facilitate the comparison of protein 268 
extraction between different protocols. These might include standards added to every MALDI 269 
plate to overcome issues related to batch effects, as well as the inclusion of biological or technical 270 
duplicates to assess the efficiency of each protein extraction and data acquisition batch (Viñas-271 
Caron et al., 2023). Ideally, the same protein standard or positive control would be shared 272 
between different research groups in order to also enable inter-laboratory comparisons. The 273 
PAASTA community can serve as a forum to facilitate discussions on selecting appropriate 274 
materials for positive controls, ensuring that decisions are collectively made and that the protein 275 
standards are accessible to all members of the community. In a similar manner, the robustness 276 
of results can be enhanced by replication in different laboratories, by different researchers, which 277 
the PAASTA community is ideally placed to facilitate. 278 
 279 
 Mass spectrometry methods are also constantly developing and improving; however, 280 
researchers in the field of palaeoproteomics are rarely involved in such methodological 281 
improvements to instrumentation, in part because many palaeoproteomics groups rely on core 282 
facilities where they may have limited input or control over instrument operations. Closer 283 
collaboration with researchers in the broader fields of protein mass spectrometry and proteomics 284 
may lead to significant steps forward in palaeoproteomics due to the faster adoption of new 285 
methodologies. This would ensure both that new developments are also considering the needs 286 
of palaeoproteomics, as well as that palaeoproteomics researchers are aware of the limitations 287 
of the applicability of new methodology to their research. Moreover, such collaborations might 288 
also lead to the development of methods specifically designed to suit the challenges of 289 



palaeoproteomics. For example, SPIN (Rüther et al., 2022) was developed for palaeoproteomics 290 
in parallel to the development of bead-based protein capture and digestion approaches, EvoSep-291 
based liquid chromatography workflows (Bache et al., 2018), and DIA data acquisition strategies 292 
(Venable et al., 2004). These developments are primarily aimed for clinical proteomics, but are 293 
also suitable for the analysis of ancient proteins. In the context of palaeoproteomics, efforts to 294 
standardise LC-MS/MS workflows, such as the adoption of systems with predefined, reproducible 295 
chromatographic settings, can facilitate direct comparison between datasets and enhance 296 
reproducibility across experiments and laboratories. Although the use of fixed chromatographic 297 
methods limits the degree of optimisation for specific sample types, it promotes consistency, 298 
which is critical for building comparable palaeoproteomic datasets across the research 299 
community. 300 
 301 
 As manuscripts typically focus on successful protocols and analyses, negative results are 302 
often not shared with the scientific community. We recognize that this may be due to pressure to 303 
publish polished high-impact studies, however, avoiding dissemination of negative results is in 304 
the end detrimental to the field as a whole. This may lead to repeated unsuccessful attempts at 305 
using a specific method, or analysing a particular type of sample, as researchers may not be 306 
aware of previous negative outcomes due to a lack of communication. In addition to wasting time 307 
and funding, this also risks a waste of archaeological samples, and may overinflate the image of 308 
how successful certain types of studies are. Often, publications featuring positive results can also 309 
publish associated negative results, such as a failure to assign taxonomy (Demeter et al., 2022), 310 
absence of protein preservation in a certain tissue (Chen et al., 2019) or at certain sites (Peters 311 
et al., 2023), or unexpectedly poor performance of a protease (Fagernäs et al., 2024). Mentioning 312 
negative results in the main text (as opposed to only being included in the supplementary 313 
information) will ensure that they reach the scientific community. Journals are increasingly willing 314 
to publish high-quality research that led to negative results, and specialised journals have also 315 
been founded purely for the purpose of reporting negative results (Brazil, 2024). Negative results 316 
can also be shared at conferences, where they will reach a relevant audience, and associated 317 
conference abstracts may be published and become citable resources (e.g. Paleoanthropology 318 
Society & European Society for the study of Human Evolution, 2024), although it should be noted 319 
that the amount of detail that can be shared is very limited, and as such, evaluating negative 320 
results is challenging. Additionally, preprints can be used to share reports on negative results, 321 
and empty or otherwise failed raw data files can be shared in data repositories. Finally, as 322 
colleagues, reviewers and editors, we can collectively avoid stigmatising non-significant test 323 
outcomes or negative results.  324 
 325 
 Alternatively, the recent development of pre-registering publications, known as Registered 326 
Reports, aims to circumvent the issues associated with publishing negative results (Chambers & 327 
Tzavella, 2022). The details of what needs to be included in a Registered Report differ between 328 
journals, but the core concept is to submit a research plan including hypotheses, methodologies 329 
and planned analyses (Soderberg et al., 2021), which is subjected to peer review and can be 330 
either published separately or result in an in-principle acceptance of a later publication by a 331 
journal. This form of publication moves the peer-review to the start of the publication process 332 



(Lakens et al., 2024), so that an experiment is judged by the merits of its planning and negative 333 
results will not reduce opportunities for publication.  334 

Data Analysis and Interpretation 335 

 336 
With improvements in protein extraction and mass spectrometry technology, and accompanying 337 
increased sizes of palaeoproteomic datasets, there is an increasing necessity of field-specific or 338 
adaptable software and pipelines for data analysis. In the wider proteomics community there is a 339 
call for increasing use of FAIR and open-source software (Perez-Riverol et al., 2024), and these 340 
principles should be applied also to palaeoproteomics analysis tools, to ensure transparency and 341 
replicability. Development, comparisons and benchmarking of software and pipelines can greatly 342 
benefit from a community-wide effort and communication, ensuring wide applicability and 343 
reliability across study materials, research groups and computing systems.  344 
 345 
 The analysis of palaeoproteomic data is fundamentally different between ZooMS peptide 346 
mass fingerprinting and shotgun proteomics experiments. ZooMS taxonomic identifications are 347 
often obtained by manually comparing the observed peaks to a reference list of biomarkers or 348 
reference spectra. Some pre-processing steps of the spectra have become standard, such as 349 
averaging triplicate spectra, automatic peak picking and setting minimum signal-to-noise 350 
thresholds, but the association between an observed peak and a biomarker remains a manual 351 
step in most studies. Consequently, there is potential for a degree of subjectivity and inter-352 
observer variability. To address this issue, there have been improvements in the development of 353 
automated tools for biomarker identification (Baker et al., 2023; Gu & Buckley, 2018; 354 
Hickinbotham et al., 2020; Végh & Douka, 2024). Such tools are of great interest and utility to the 355 
palaeoproteomics community, if the developed tools are made freely and openly available (e.g., 356 
https://github.com/touzet/pampa/). Reporting and interpretation guidelines have been established 357 
for ZooMS (Brown, 2021) using mMass (Strohalm et al., 2010), which is currently the most popular 358 
tool for analysis of ZooMS data. It is a freely available and user-friendly software tool that easily 359 
allows the processing and display of MS1 spectra, but is no longer supported by its developer 360 
(though it remains accessible on GitHub: https://github.com/xxao/mMass). The development of a 361 
new open-access standard tool for visualising and processing ZooMS data would therefore be of 362 
great value to the palaeoproteomics community.  363 

 364 
 Of great importance to ZooMS analysis is the choice of biomarkers with which to compare 365 
the spectra. Since the initial publication of seven collagen peptide biomarkers for a small selection 366 
of taxa (Buckley et al., 2009), the repertoire of these biomarkers has been expanded to an 367 
increasingly wide range of species (Buckley et al., 2014; Speller et al., 2016; Welker et al., 2016; 368 
Xia et al., 2024). An overview of all available biomarkers can be found in a Google Spreadsheet 369 
kept by the University of York (University of York, 2025). This is a live document that is 370 
continuously being updated as new biomarkers are published. A key study in the biomarker 371 
development has been the standardisation of biomarker nomenclature and their explicit coupling 372 
to specific peptides rather than primarily being based on particular m/z windows (Brown, Douka, 373 
et al., 2021). This has facilitated the communication, discussion and validation of new biomarkers 374 



(Codlin et al., 2022; Dierickx et al., 2022; Janzen et al., 2021; Nel et al., 2023; Peters et al., 2021; 375 
Winter et al., 2023) and sets a standard against which proposed homologous biomarkers between 376 
taxa can be compared. Furthermore, the increasing number of species for which biomarkers are 377 
available has resulted in the rise of community-based and collaborative projects that aim to 378 
enhance accessibility, as well as ensure robustness through independent validation of 379 
biomarkers; something that the PAASTA community aims to play a key role in.  380 
 381 

In contrast to the predominantly manual data analysis in ZooMS, shotgun proteomics 382 
experiments utilise protein search engines to match observed precursor and fragment ion spectra 383 
to peptide and protein databases. There are a large number of different protein search engines 384 
available, some of which are free to use - e.g., MaxQuant (Cox & Mann, 2008), Fragpipe (Kong 385 
et al., 2017), MetaMorpheus (Solntsev et al., 2018) and pFind (Chi et al., 2018), while others 386 
require a paid license - e.g., Mascot (Perkins et al., 1999), PEAKS (Zhang et al., 2012), and 387 
Byonic (Bern et al., 2012). The number of options in protein search engines can make it 388 
overwhelming to make appropriate selections. Key features that help distinguish between different 389 
programmes are de novo sequencing and open searches. The usefulness of such features for 390 
data analysis depends greatly on the nature of the samples and the aim of the analysis. De novo 391 
sequencing is often applied in cases where it is known that there is no proteomic reference data 392 
available for all expected target species, and open searches are frequently applied when a high 393 
number of PTMs are expected. Beyond features such as open searches or de novo sequencing, 394 
there are more subtle differences in the scoring algorithm used to identify peptides and proteins. 395 
Consequently, there are differences in the number of peptides and proteins that different protein 396 
search engines identify (Rodriguez Palomo et al., 2024), as well as which peptides and proteins 397 
they identify (Parker et al., 2021). It may therefore not always be possible to completely replicate 398 
the same peptide and protein identifications when analysing the same data using a different 399 
protein search engine. This also means that the use of proprietary software for protein analysis 400 
imposes a barrier to the reproducibility of the experiment. Furthermore, specific software may be 401 
more suited for the identification of short peptides, or high numbers of PTMs, and therefore 402 
comparing different search engines before deciding which one to use in the analysis may lead to 403 
improved protein and peptide identifications.  404 

 405 
Pipelines for the analysis of shotgun proteomics datasets increase reproducibility and 406 

transparency in palaeoproteomics studies. Such pipelines have, for example, been developed for 407 
phylogenetic analyses based on palaeoproteomic data, including both the creation of a set of 408 
reference sequences translated from genomic sequences, as well as subsequent phylogenetic 409 
analysis (Patramanis et al., 2023). Additionally, a pipeline has been written for collagen-based 410 
taxonomic classification through LC-MS/MS data, which is also capable of identifying mixtures of 411 
species in a sample (Engels et al., 2025). Further development of such pipelines, shared openly 412 
and including thorough documentation and tutorials, will help the entire palaeoproteomics 413 
community, as they can be applied to different datasets and be thoroughly tested by different 414 
researchers. 415 
 416 
 Apart from the choice of a particular protein search engine, the choice of a protein 417 
reference database has a large impact on the identification of peptides and proteins. The most 418 



straightforward effect is that any proteins not present in the database will not be identified in the 419 
sample. Instead, ions belonging to a protein present in the sample, but not in the protein reference 420 
database, may be erroneously assigned to a different protein or taxon (Knudsen & Chalkley, 421 
2011). Additionally, the relative size of the database, in terms of the number of protein sequences 422 
included, compared to the number of proteins present in the sample, can also impact protein 423 
identification (Rodriguez Palomo et al., 2024). This effect is described elsewhere (Li et al., 2016) 424 
in more detail, but perhaps the most significant implication of this phenomenon is that relatively 425 
small and constrained databases are preferred compared to broad databases (Sticker et al., 426 
2017). Despite this, the latter are still frequently used especially in the analysis of organic residues 427 
where little can be assumed regarding the composition of the sample. Finally, protein sequences 428 
available in reference databases can be incorrectly annotated (Harvey et al., 2021), which, if not 429 
caught, can cause issues for downstream interpretations. Considering the substantial effect of 430 
the composition of the database on the outcome of the analysis, many researchers create their 431 
own custom targeted databases. Although the use of custom databases has many advantages 432 
for protein analysis, it can complicate matters for those reviewing or interpreting the published 433 
data. If the database itself is not included in the publication it can be challenging to recreate it 434 
and, consequently, to replicate the analysis. Moreover, detailed metadata, including protein 435 
accession numbers, species names, and taxonomic identification numbers, are required to 436 
understand which proteins of which taxa are included in the database and therefore what taxa 437 
can or cannot be excluded as potential sources of the observed proteins. It is therefore 438 
recommended to either share the database or to provide highly detailed metadata for recreation 439 
of the database. 440 
 441 

Considering the risk to reproducibility that comes with variety in protein analysis software, 442 
pipelines and databases, we reiterate earlier metadata reporting standards (Hendy, Welker, et 443 
al., 2018; Taylor & Goodlett, 2005) in asking that any palaeoproteomic publication should strive 444 
for maximum openness regarding used parameters and at the minimum contain: 445 

● Software, including version number, used to perform analysis. 446 
● MS1 and MS2 search tolerances (i.e., precursor and fragment ion tolerance). 447 
● Allowed fixed and variable PTMs and the maximum number of PTMs per peptide. 448 
● Any cut off values, including peptide score, FDR (false discovery rate), and/or q-value. 449 
● Minimum peptide length and when relevant maximum peptide length. 450 
● Protease, or lack thereof, and protease specificity settings (e.g., specific, semispecific, 451 

missed cleavages, etc.) 452 
● The type of search (i.e., open, error tolerant, de novo). 453 
● Details regarding the database used for the analysis, including accession numbers and 454 

date of download, and optionally protein names, and taxonomic identifiers. Ideally the 455 
FASTA file should be made available, or otherwise all necessary metadata provided to 456 
replicate the database. Translated sequences with gene annotations, if available, should 457 
also be shared for species not covered in current protein databases.  458 

 459 
To ensure reproducibility, reliability and transparency, it is also essential to share 460 

information supporting protein and peptide identification, e.g. as part of a ProteomeXchange 461 
project or as supplementary files of a manuscript. For identified proteins, at the very least the 462 



accession number from the used database should be shared, to ensure that it is possible to trace 463 
the origin and additional information for the identification (such as protein name and taxonomy). 464 
Additionally, the number of supporting peptides and the peptides themselves should be shared. 465 
For identified peptides, the amino acid sequence and the assigned start and end positions within 466 
the protein are important information to share, as well as the number of supporting spectra, and 467 
any PTMs and their location. Sharing this information allows reuse of data without the need to re-468 
generate protein and peptide identifications, as well as independent analysis of the results.  469 
 470 

For ancient proteins, assessing their authenticity is essential, as they are often low-471 
abundance and found in a mixture of proteins originating from a variety of sources (Hendy, 472 
Welker, et al., 2018). Reporting deamidation values for proteins or proteomes of interest, and 473 
comparing them with laboratory blanks or more recent samples, can aid in assessing the 474 
authenticity of endogenous proteins (Ramsøe et al., 2020). Additionally, processing and analysing 475 
laboratory blanks alongside samples will ensure that contamination from the laboratory or 476 
reagents are not interpreted as endogenous to the samples. As contamination has been shown 477 
to impact the reconstructed ancient proteome (Fagernäs et al., 2025), decontamination with a 478 
protocol appropriate for each sample type is recommended prior to protein extraction. 479 
Additionally, for example, if dietary items are targeted in a study, analysing samples from the 480 
surrounding sediment or other tissues may ensure that environmental taxa are not mistakenly 481 
assumed to stem from the sample of interest (Mann et al., 2020). 482 

 483 
Ultimately, considering that in some cases the volume of evidence obtained in a 484 

palaeoproteomic study can be extremely limited, but that a single identification of a species has 485 
the potential to substantially rewrite the archaeological narrative, both caution and rigour must be 486 
exercised in interpreting the protein data. Not only should a protein identification meet 487 
identification standards, there should also be a reasonable expectation of its presence, based on 488 
an understanding of the material properties of the sample. For some materials, such as bone, 489 
enamel and dentine, there are both detailed proteome-wide studies using modern samples (Alves 490 
et al., 2011; Bell et al., 2019; Eckhardt et al., 2014; Jágr et al., 2019), as well as experiments on 491 
archaeological samples of known origin (Ásmundsdóttir et al., 2024; Cappellini et al., 2012; 492 
Sawafuji et al., 2017). However, for other materials, such as organic residues, there is much less 493 
of an understanding of which proteins can be expected to be incorporated, and persist through 494 
time. There have been some targeted experiments on beta-lactoglobulin (Fonseca et al., 2024; 495 
Ramsøe et al., 2021) and the effects of cooking on protein survival (Barker et al., 2012; Dekker 496 
et al., 2025; M. Evans et al., 2024), but a generalised understanding remains to be formed. To 497 
gain a clearer understanding of the capabilities and limitations of the application of 498 
palaeoproteomic methods to these types of materials, we would therefore promote the execution 499 
of blind tests and benchmarking studies, as have been done for other archaeological science 500 
fields (Barnard et al., 2007; Pestle et al., 2014) and modern proteomics (Van Den Bossche et al., 501 
2021). For metaproteomic analysis, this process is even more essential, as variations in results 502 
have been detected depending on the used workflow even in modern metaproteomic studies (Van 503 
Den Bossche et al., 2021). 504 
 505 



Archaeological sciences are increasingly utilising code-based analysis methods tailored 506 
to specific research requirements, such as workflows written in R (R Core Team, 2023) or Python. 507 
This allows for optimisation of analyses for each specific project’s needs, automation of processes 508 
and standardisation of analysis workflows. Simultaneously, this requires code sharing for a study 509 
to be reproducible, and for it to be possible to thoroughly evaluate results. Methods sections in 510 
standard journals are often restricted in how much detail can be included. Code sharing with 511 
version tracking is possible through resources such as GitHub, and can be assigned a persistent 512 
identifier (e.g., digital object identifier, DOI). This can be done by, for example, archiving the code 513 
using Zenodo (e.g., Viñas-Caron et al., 2023, Zenodo DOI: 10.5281/zenodo.7406296). A study 514 
can thereby be fully transparent in precisely how essential steps, such as filtering of contaminant 515 
proteins or removal of low-quality peptides, were performed. This also allows for adaptation of 516 
analysis workflows written by other researchers, saving time and effort and allowing for citation of 517 
the original code document. 518 
 519 

Although palaeoproteomic analyses can provide novel insights about our past, the 520 
proteomic results most often cannot stand on their own. For example, without dating and 521 
archaeological context, the taxonomic identification of a specimen cannot be meaningfully 522 
interpreted. Similarly, identification of pathogen or immune-related proteins should have a basis 523 
in clinical studies to ensure that conclusions are based on clinically reliable evidence. It is 524 
therefore essential to collaborate with researchers from other fields, from the very beginning of a 525 
project, to ensure that all available information is combined into a holistic interpretation of the 526 
proteomic results. Archaeogenetic and palaeoproteomic analyses should not be seen as 527 
competing, but rather as complementary. For example, genetic sequences contain more 528 
phylogenetic information than protein sequences, but DNA degrades at a higher rate than some 529 
proteins, and the two fields therefore have different points of strength. They may also have 530 
differing strengths in the type of information they can provide. For example, in studies of 531 
archaeological dental calculus, genetic studies have been more promising for studying the oral 532 
microbiome (Fellows Yates et al., 2021; Ottoni et al., 2021; Warinner, Hendy, et al., 2014), 533 
whereas proteomics has provided more information about past diets (Scott et al., 2021; Warinner, 534 
Hendy, et al., 2014; Wilkin et al., 2021). Additionally, other emerging fields such as 535 
palaeometabolomics (Barberis et al., 2022; Brownstein et al., 2020; Huber et al., 2023; Velsko et 536 
al., 2017) can be integrated for a comprehensive biomolecular toolkit for analysis of 537 
archaeological materials. 538 

Data Sharing and Metadata Availability 539 

 540 
The consensus to make data openly available has strengthened and driven development of 541 
bioinformatic methods in many fields (e.g., Anagnostou et al., 2015; Celi et al., 2019; Lapatas et 542 
al., 2015). This development seems to still be in progress in the field of palaeoproteomics, 543 
whereby data is being produced and analysed but not always being made available alongside 544 
those publications (Fig. 2). This issue is most prominent for ZooMS studies, where raw data is 545 
only available for 26% of all studies that produced data (Fig. 2A). The picture is more positive for 546 
shotgun palaeoproteomics, with data being available for 64.3% of studies that produced data. 547 



Despite these low percentages, we do see an increase in publications with available data in recent 548 
years (Fig. 2B), most likely due to the concurrent increase in palaeoproteomics studies in recent 549 
years, and perhaps a response to an earlier call for the public sharing of raw and processed data 550 
by Hendy et al. (Hendy, Welker, et al., 2018). Although the problem of low reporting of raw data 551 
for ZooMS manuscripts has been previously discussed (Richter et al., 2022), there is currently no 552 
agreed-upon standard for what data to publish, or how, alongside ZooMS manuscripts. We aim 553 
for the PAASTA community to facilitate the development of data publishing standards for both 554 
ZooMS and shotgun palaeoproteomics datasets, and we also hope to encourage researchers to 555 
revisit their prior work and, where possible, make that data available. It is worth noting that it is 556 
never too late to make data from prior publications available. We do, however, acknowledge that 557 
there might be factors that complicate open data sharing, for example, the importance of 558 
indigenous communities holding stewardship over their own data (Carroll et al., 2020). 559 
 560 

 561 
Figure 2. Data availability in palaeoproteomics. A) Percentage of ZooMS and shotgun palaeoproteomics 562 
studies with available datasets. Preprints and papers that did not produce any data were excluded from this 563 
calculation. B) Number of palaeoproteomics datasets in online repositories (since 2010). ´Other´ 564 
repositories include Dryad, Figshare, Github, Mendeley Data, and the OSF Framework. The dataset was 565 
compiled by manually going through the list of publications compiled for Figure 1 and checking raw data 566 
availability. This figure was made in R v.4.4.2. with R Studio v.2024.12.0+467 (R Core Team, 2023) using 567 
ggplot2 (Wickham, 2016). 568 

 569 
Equally important as open data sharing is the appropriate description of metadata. If the 570 

nature of the sample or the relationship between the analysed data and the samples is not clear, 571 
the reusability of data will decrease or disappear. The MAGE-TAB-Proteomics format (Dai et al., 572 
2021) has been proposed by ProteomeXchange as a metadata format (Deutsch et al., 2023). 573 
MAGE-TAB-Proteomics has two components: the Investigation Description Format (IDF) and the 574 
Sample and Data Relationship Format (SDRF-Proteomics, updated in (Claeys et al., 2023). The 575 
IDF, which is a general description of the research, is automatically generated from the mandatory 576 



information for registration in the ProteomeXchange repository, but the SDRF-Proteomics, which 577 
describes the details of the samples and the experiments, needs to be created and registered by 578 
the researcher. Since SDRF-Proteomics was not designed for archaeological materials, some 579 
information, such as the age or region of origin, specific to archaeological or paleontological 580 
materials, lacks a corresponding data input column. It may thus be necessary to create a revised 581 
format for archeological/paleontological material-specific metadata, as has been necessary in the 582 
field of archaeogenetics (Bergström et al., 2024). 583 
 584 

To aid in alleviating these concerns going forward and in an effort to establish best 585 
practices in the field, we propose the following as minimum reporting standards for 586 
palaeoproteomics, additionally adhering to the FAIR and CARE principles: 587 

● When LC-MS/MS data is generated, the raw files should be made available in a public 588 
data repository. This should include raw data files from all analysed specimens, as well 589 
as extraction blanks. Our recommendation is to submit these files to ProteomeXchange, 590 
to which data can be deposited via several platforms including PRIDE and MassIVE. 591 
Submissions should ideally include the required files for a complete submission as 592 
detailed in their guidelines. 593 

● Reconstructed protein sequences should be shared as FASTA files in supplementary data 594 
with the manuscript, or uploaded alongside raw data files to a repository such as 595 
ProteomeXchange. Note that GenBank and other protein data repositories do not accept 596 
submissions of reconstructed partial protein sequences derived from palaeoproteomics 597 
research, as there is no evidence for the length of the unknown sequence regions. Protein 598 
sequences should not be shared in .pdf format as this is a less accessible method of 599 
sharing. 600 

● For MALDI-ToF or MALDI-FT-ICR data (for ZooMS), the raw data should be made 601 
available in a public data repository. Ideally, files with the processed data should also be 602 
made available for the sake of reproducibility. Our recommended repository for this data 603 
is Zenodo in .mzXML or .txt file format, or ProteomeXchange, as .mzXML files can be 604 
uploaded.  605 

● Where code has been used to analyse data, the code should be provided so that analyses 606 
can be replicated and results/interpretations are transparent. We recommend sharing 607 
code through a version-tracked repository system such as GitHub or Zenodo, and we 608 
recommend that the code be archived using a persistent identifier, such as a DOI.  609 

● Appropriate and relevant metadata of samples should be included in the form of a 610 
metadata file, such as SDRF-Proteomics, highlighting information such as: 611 

○ Ancient and modern samples: links between samples and raw file names/spectra, 612 
sample IDs, batch and plate numbers, method of protein extraction, details of 613 
analytical machines used (including name of instrument and vendor) and precise 614 
parameters employed. 615 

○ Ancient samples: context of the samples, dating method of samples and 616 
corresponding time period, notes of any treatments post-excavation. 617 

○ Modern samples: source of reference materials, details of how species were 618 
identified, and if the sample was macerated, include notes on how this was done 619 
and how the sample has been stored and treated. 620 



● All of the shared files should be in an accessible format, from which data can be readily 621 
extracted (i.e., not PDFs, images, etc.). 622 

● Ideally, research should be published in an Open Access format, but at a minimum, 623 
authors should place accepted versions in institutional repositories to meet public access 624 
requirements. However, we are aware of the, at times, prohibitively expensive costs of 625 
publishing Open Access in numerous journals. There is an increasing number of Open 626 
Access journals, as well as alternative publishing platforms, which can circumnavigate this 627 
issue. Ensuring that the corresponding data is made publicly available, even if the 628 
manuscript is not, is recommended and in spirit with our recommended best practices.  629 

Future Perspectives 630 

 631 
The field of palaeoproteomics has advanced significantly over the past years, thanks to a range 632 
of emerging analytical and computational methodologies. Such innovations have enhanced the 633 
sensitivity and accuracy of ancient protein analysis, thereby providing deeper insights into the 634 
past. With these innovations leading to an ever-growing number of researchers and research 635 
applications, we are advocating to advance palaeoproteomics through keeping open science, 636 
collaboration and communication at the center of our research. These practices will enable our 637 
growing community of researchers to validate and build on each other’s work, collaborate more 638 
effectively, and ultimately accelerate scientific progress in palaeoproteomics. We additionally 639 
hope that this paper can serve as a starting point for our collaborators outside of palaeoproteomics 640 
(e.g., curators and archaeologists) to understand what standards and approaches our community 641 
holds as best practices. 642 
 643 

Future developments in both mass spectrometry and data processing are likely to further 644 
transform the field in a multitude of ways. Mass spectrometry instrumentation used in 645 
palaeoproteomics is crucial for advancing the field, although often accompanied by considerable 646 
costs and the need for proprietary software. Recently, new technologies for single-molecule 647 
proteomics that do not necessarily rely on mass spectrometry, such as nanopores or molecular 648 
markers, are being developed (Alfaro et al., 2021; Floyd & Marcotte, 2022), and these new 649 
technologies have the potential to be applied to archaeological and paleontological samples 650 
(Alfaro et al., 2021). Frequent incremental upgrades in instrumentation and software or drastic 651 
technological innovation are often necessary to stay at the forefront of research, posing a potential 652 
barrier to widespread method adoption. However, continued investment in state-of-the-art 653 
instrumentation is essential for advancing palaeoproteomics research. Artificial intelligence (AI) 654 
systems have revolutionised protein tertiary structure prediction (e.g., Jumper et al., 2021; 655 
Tunyasuvunakool et al., 2021), which may impact the future of palaeoproteomics. In 656 
palaeoproteomic research, where recovered protein sequences are highly degraded, AI systems 657 
may aid researchers in inferring protein structure, thereby improving understanding in 658 
evolutionary relationships and functionality (Demarchi et al., 2022), as well as potentially enhance 659 
the annotation and characterisation of ancient proteins. The use of AI in palaeoproteomics is likely 660 
to significantly advance the identification and analysis of proteins and proteomes (Chiang & 661 
Collins, 2024), but will need to be extensively validated. These types of major advances can be 662 



efficiently evaluated and adapted into the field where appropriate, through collaboration between 663 
researchers from different subfields of palaeoproteomics. 664 
 665 

Importantly, many of the challenges, opportunities and problems outlined above can be 666 
overcome by communication between researchers and research groups. This is true both within 667 
the field of palaeoproteomics, as well as between research fields. Working together on projects 668 
(such as the creation of an open access, community-curated database of ZooMS peptide 669 
markers), software, and applications ensures that advances—and failures—are properly 670 
communicated. Such collaborative projects can also be used by the community to steer the 671 
direction of method development. Experiments that are valuable to the community, but are not 672 
easily funded by individual grants, such as reproducing previous results, validation of new 673 
methods or benchmarking tests, may become feasible if shared by many researchers from 674 
different institutions. Especially in the case of software validation, for which it can be prohibitively 675 
time consuming for the developer to test on a wide range of sample sets, a community-based 676 
approach may provide the large scale of diverse datasets needed and share the time-load 677 
required to validate new tools for palaeoproteomic applications. 678 

 679 
Currently, a lot of palaeoproteomics expertise on the use of various extraction protocols, 680 

mass spectrometry settings and software is limited to a small number of individuals and 681 
institutions, and detailed (and practical) knowledge of palaeoproteomics is rarely taught at 682 
universities. As the palaeoproteomics community grows and the number of institutes with 683 
palaeoproteomics researchers increases, the importance of sharing knowledge and experiences 684 
increases as well. Not only will facilitating the sharing of technical know-how make 685 
palaeoproteomics more accessible to new researchers, it will also ensure that community 686 
conventions and high research standards are maintained, and provide researchers with an 687 
overview of the range of research tools available. Building a community such as PAASTA 688 
provides researchers with a platform for such conversations, allowing networking, collaboration, 689 
method development and validation, and knowledge sharing. 690 

Conclusions 691 

 692 
The PAASTA community aims to create an open and supportive environment for 693 
palaeoproteomics researchers to share knowledge and expertise, and to foster collaborations and 694 
open science. We have written this manuscript as a means to establish and renew standards for 695 
best practice in palaeoproteomics research, emphasising data sharing and reporting, and 696 
promoting open science among the rapidly growing community of researchers within this field. 697 
Our key recommendations and proposed guidelines are as follows: 698 

○ Open and collaborative discussions with various stakeholders in cultural and 699 
natural heritage regarding sample selection, documentation, planned proteomic 700 
analyses and interpretation. 701 

○ Detailed and reproducible protocols, as well as increased sharing of negative 702 
results. 703 



○ Development of analysis methods and pipelines in a community-supported 704 
manner, and detailed sharing of analysis methods and parameters. 705 

○ Raw data, protein databases, and relevant code to be made available alongside 706 
publications and in an accessible format and provide appropriate accompanying 707 
detailed metadata. 708 

By adopting these guidelines of openness and collaboration, the palaeoproteomics community 709 
can enhance the quality, transparency and impact of its research. By jointly coming together from 710 
different research institutions, groups, and backgrounds we hope to be setting standards of best 711 
practices which will resonate with our community of researchers as a whole. PAASTA is an ever-712 
evolving and growing community which welcomes all palaeoproteomics researchers to join. For 713 
more details we can be contacted at paasta.community@gmail.com.  714 
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