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Over the last two decades archaeal research has expanded into a wide-ranging research field, driven
by a fairly small research community. Archaea are now recognized as important players in the One-
Health approach and expertise on the biology of archaea has become crucial in the study of a broad
range of topics and environments, including the host-associatedmicrobiomes, major nutrient cycles,
greenhouse gas metabolism, the cell biology and origin of eukaryotes, adaptation of life to extremes,
as well as various biotechnological applications. Here, we summarize existing resources and ongoing
efforts in the engaged broader archaeal scientific community to accelerate research and resource
sharing guided by FAIR (findable, accessible, interoperable, reusable) data-sharing principles. We
highlight ongoing community efforts that: (i) aim to share protocols and best practices for workingwith
archaea (e.g. ARCHAEA.bio), (ii) combine large ‘omics datasets for the dissemination of unified,
system-wide results (e.g. Archaeal Proteome Project, KBase) and (iii) provide opportunities for
scientists to present their work in a supportive environment and to forge connections and
collaborations (e.g. ArchaeaPowerHour). Together, these resources andprojects promise to spur and
cross-fertilize research, making archaeal research more accessible to a broader and more diverse
audience.

Archaeal research has vastly increased our understanding of life on Earth:
from marine nitrogen cycles1,2 to the origins of Eukaryotes3, and from
extremozymes4,5 to the first discoveries of CRISPR systems6, archaea have
contributed to numerous scientific breakthroughs, as well as invaluable
biotechnological applications. However, despite their environmental, evo-
lutionary, biotechnological, and biomedical importance, Archaea have only
been reclassified as an independent domain of life by Carl Woese and
George Fox less than five decades ago7. Furthermore, they still remain
understudied compared to Bacteria and Eukaryotes, resulting in a com-
paratively small research community.

Historically, archaea were thought to thrive only in extreme environ-
ments (e.g., low or high pH, temperature, salinity, water activity, pressure).
Although the focus on extremophiles has broadened our view of the limits of
life8,9, putting the spotlight on their versatility of metabolisms and incredible
adaptations to these environments10,11 andevengiving rise tobiotechnological
applications12, it has also distracted from the ubiquitous distribution of
archaea.Thisdelay in realizing the fundamental functions that archaeaplay in
diverse ecosystems was prolonged by difficulties in culturing archaeal
species13—which unfortunately is still often the case—and detecting them in

metagenomic analyses14–16. But thanks to the advancements in universal
metagenomics techniques in the last decades, the underestimated phyloge-
netic diversity of archaea and their presence in diversemicrobiome, including
in plants, animals, and humans, has been revealed14,17–19. These connections
establish archaea as crucial contributors to a One-Health approach, which
reinforces the concept that the health of humans, animals, and plants is
interdependent, and reliant on their environment20. Archaea form relation-
ships, ranging from symbiosis to dysbiosis, with other microbes in the
environment as well as with human, plant, and animal hosts. Therefore, even
though intriguingly no archaeal pathogens have been identified so far,
archaea can be linked to the well-being of their hosts21–23. Furthermore,
archaeahave a significant impact onbiogeochemical cycles and thus affect life
on Earth in various ways24,25. For example, methanogenic archaea (a spe-
cialized group of archaea) are becoming increasingly important in facing
climate change dynamics as they are considered themainmethane producers
on Earth26–28. Thus, achieving our global climate sustainability goals neces-
sitates understanding the roles of archaea in diverse ecosystems.

Archaea are now commonly accepted as the root of Eukarya, thanks to
the recent discoveries of new species and the ensuing reevaluation of their
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phylogenetic relations (e.g., the presence of eukaryotic signature
proteins)29–32. However, archaea often have unique metabolism and infor-
mation processing pathways, requiring the development of novel experi-
mental tools and methods of gene expression, and resulting in shifting
paradigms for thinking about Biology. The shortage of established resour-
ces, together with unfamiliar or difficult experimental conditions for
working with many archaea, has triggered the development of creative and
collaborative initiatives to cope with the challenges of working in this
research field. Similarly, while other established biological research com-
munities (e.g. yeast, fruit flies, and nematodes33–37) have evolved career
development pathways and opportunities over time, the archaeal research
community has only recently initiated such structures, due to the smaller
number of members. This situation provides an opportunity to not only
benefit from experiences in other communities, but also to develop inno-
vative and inclusive ways to advance archaeal research.

To fully understand Biology requires studying the molecular, bio-
chemical, genetic, and ecological functions of organisms from across the
Tree of Life. Given the unique contributions of archaeal research to our
understandingofBiology, coordinated research andeducationareneeded to
better predict, understand, and use archaeal biology to address pressing
challenges in climate, sustainability, and health. Here we discuss various
efforts in building a global archaea community, ranging from providing
resources for scientific inquiry to developing an online platform for sharing
methods to increase reproducibility across the field, from developing tools
for data mining to embracing FAIR (findable, accessible, interoperable,
reusable) data sharing principles. Additionally, initiatives aimed at fostering
a collaborative community include organizing local and international
meetings, online seminars, and discussion forums. All the resources cited in
the text, as well as others that may be of interest to the archaeal community,
are listed in Supplemental Data 1. We also highlight the remaining hurdles
in gaining a fundamental understandingof the archaeal domain, aswell as in
increasing its visibility globally.

Protocols and methods—learning from each other’s mistakes
and successes
Although the archaeal research community is expanding quickly, transi-
tioning to thisfield of research or even starting anew research project focused
on a different archaeal species can be challenging, especially if the species falls
outside the limited set of well-established archaeal model organisms. Indeed,
since many archaeal species studied today are extremophiles, determining
ideal culture conditions remains challenging. Undergraduate-level micro-
biology curricula in many institutions do not introduce students to techni-
ques for growing microbes at extreme pH, temperature, pressure, or strict
anaerobicity, andas a consequence,manymicrobiologists areunfamiliarwith
andnaturally choose to pursue easier-to-cultivatemicrobes. As a result, while
the number of sequenced archaeal species is rapidly increasing, especially
through metagenomic analyses, cultivating new species remains a major
obstacle, sometimes requiring long-term efforts from multiple research
groups such as the recently cultivated members of the Asgard phyla31,38.
Additionally, equipping a laboratory to accommodate these non-
conventional culture conditions can be complex and expensive. So far, only
a few archaeal model organisms are well-established39,40, primarily repre-
sentatives from the phyla Euryarchaeota and Crenarchaeota that typically
grow comparatively fast (doubling time <5 h) and under heterotrophic
conditions.While someof thembenefit fromextensive toolkits on thegenetic,
molecular, and cell biological level (e.g., Haloferax volcanii, Halobacterium
salinarum, Sulfolobus acidocaldarius, Pyrococcus furiosus, Thermococcus
kodakarensis, and several methanogens40–46), others still lack the genetic tools
and/or established methods necessary for in-depth biological investigations
(e.g.,Methanobrevibacter smithii47 or Asgardarchaeota13).

These challenges in working with archaea necessitate the development
of new or adapted media recipes, genetic tools, physiological assays, and
specialized equipment. The relatively small size of archaeal research groups
means that the burden of protocol development is distributed on a few
shoulders. Consequently, synergistic collaborations and effective

communication of successful methods are key to advancing the field.
Unfortunately, the material and methods sections in journal articles are
often insufficient to fully reproduce the described experiments48–50. Long
chains of references, requiring time-consuming tracing of relevantmethods,
are paired with a lack of details that can prevent other researchers from
understanding and adapting the method. Often, what appears as a minor
detail in protocols for the authors is precisely what ismissing for their fellow
researchers to establish theirmethod in a different lab. In addition, access to
publications and their methods sections is often restricted by paywalls,
leading to an inequitable distribution of crucial information.

Although direct training with experts in methods or model organisms
is often the most efficient way to get started, the global, open dissemination
of knowledge, methods, up-to-date protocols, as well as lab-bench tips and
trickswouldbepreferable. For somearchaeal phyla, early community efforts
resulted in protocol collections like the Halohandbook51; in addition,
dedicated bookswith peer-reviewedmethods articles have been published46.
However, while contributions to general protocol-centric journals (e.g., Bio-
protocol, STAR protocols) have been made, a central platform collecting
protocols for all archaea and distributing them in an open-access format has
been missing so far.

More recently, a group of Early Career Researchers, recognizing and
experiencing these challenges themselves, started developing an online
protocol repository for the archaea community: ARCHAEA.bio, which has
received a lot of interest and support from the community. Their mission is
to increase knowledge transfer, method clarity, and data reproducibility
within the archaeal community. Archaeal researchers are invited to submit
protocols including detailed methodology that will be peer-reviewed to be
freely and openly available to the entire community, while also being
published on the open science platform Zenodo. In this way, protocols will
be assigned a Digital Object Identifier (DOIⓇ) that will allow for their cita-
tion in material and methods sections of research publications, and the
methods will be publicly searchable by keywords and taxa.

Another common obstacle when starting to work with archaea is the
limited availability of strains. General culture collections often do not accept
archaeal strains due to their specialized culture conditions. Therefore, only a
handful of resources distribute a range of existing strains (Supplemental
Data 1), including the Japan Collection of Microorganisms, the German
Collection of Microorganisms and Cell Cultures (Leibniz Institute DSMZ),
and the American Type Culture Collection52. However, the deposition of
new strains is further limited by many culture collections that only accept
axenic samples, while new archaea are often discovered by metagenomics
approaches, andmany can only be grown in communities or as enrichment
cultures. Encouragingly, theArchaeaCentre at theUniversity ofRegensburg
is actively working on creating an archaea-centered strains database, as well
as on potential solutions for the isolation and high-throughput distribution
of archaeal species. Increasing access to enrichment cultures, isolated strains
and generated mutants could also be achieved by the creation of an inter-
active database of existing strains and corresponding, decentralized research
labs from which those strains can be requested. Platforms like ARCHAE-
A.bio could serve as a hub to generate such databases and connect
researchers to these dispersed resources. In addition, ARCHAEA.bio aims
to create not only a repository forwetbenchprotocols but also a collectionof
data analysis methods, bioinformatics tools, and ‘omics databases.

Data sharing—distributing the knowledge, and enabling new
analyses
In addition to the availability of strains and methods, data sharing plays a
vital role in advancing scientific research and fostering collaborations,
especially in a comparatively small research community like the archaeal
one. The availability of databases not only accelerates individual research
projects but also enables the community to collectively build a compre-
hensive understanding of archaeal biology. Systems biology and ‘omics
approaches are rapidly increasing our knowledge about biological processes
in archaea while generating large amounts of data that can be difficult to
analyze comprehensively, thereby providing striking examples of the
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usefulness andchallenges ofdata sharing.While “bigdata” challenges arenot
unique to the archaea research community, the unique place of archaea in
the Tree of Life presents a particular challenge when transferring bioinfor-
matics approaches from far-distant relatives, resulting in lower-confidence
functional prediction assignments for archaeal genes and organisms53,54.

Soon after the first archaeal genomes were sequenced, the Archaeal
Genome Browser was developed to provide user-friendly access to gene
sequences in their genomic context55, using sequences deposited to the
NCBIGenBank56. TheArchaealGenomeBrowser is not only used to inform
commonmolecular biology experiments but also facilitates the comparison
of archaeal genomes, e.g., to analyze sequence conservation and to predict
operons as well as non-coding RNAs57. Another database that benefited
from the increased availability of archaeal genome sequences is theArchaeal
Clusters of Orthologous Genes (arCOG) database, which focuses on the
functional annotation of proteins in archaea58. With limited experimental
evidence for protein functions in archaea, public resources like this are
invaluable for the interpretation of system-wide analyses.

Combining available datasets to gain further insights into archaeal cell
biology is also the aim of the Archaeal Proteome Project (ArcPP), which
centers around mass spectrometry-based proteomics59. The ArcPP has
shown that ‘omics data often contains more information than an initial
analysis, trying to answer a specific biological question for which a dataset
was generated, revealed. Through unified analyses, the ArcPP gained new
information on post-translational modifications, improved proteomic
sample preparation, and aided proteogenomic efforts59–62. While the ArcPP
was initiated solely on data for the model archaeon Haloferax volcanii,
recent developments extended the database to a variety of archaea.

Together, theArchaealGenomeBrowser, arCOG, andArcPP illustrate
that the combination of large-scale and system-wide analyses has a greater
benefit than the mere sharing of data and knowledge: it can result in new
biological insights and the development of hypotheses that, in turn, can be
tested experimentally. This efficient use of experimental data is especially
important for large ‘omics datasets that are relatively expensive to generate.
Notably, the sharing of data is not limited to the mentioned examples for
archaea-specific databases. General databases commonly used by archaeal
researchers includeNCBI’s GenBank56 andGene ExpressionOmnibus63 for
genomics data, KEGG64, ModelSEED65, and KBase66 for predicting and
modeling metabolism, rrnDB67, and SILVA68 for ribosomal RNA sequen-
cing data, and the ProteomeXchange consortium for mass spectrometric
data69. Importantly, databases like UniProt70 require community efforts to
update entries whenever new information becomes available, to serve as
valuable resourceswith aggregated information that canbeused for a variety
of tool developments and further analyses. Furthermore, the inclusion of
comparative quantitative analyses, and the combination of results from
different ‘omics technologies (like the integration of RNA sequencing data
in the Archaeal Genome Browser) remain challenging topics for future
database developments.

Finally, the sharingof bioinformatic tools andopen-source code is crucial
not only to reproduce results from published analyses, but also to achieve
standardized and unified workflows that allow for comparisons between
different datasets. So far, source code is mainly shared through designated
platforms like GitHub in the form of isolated repositories. Collections like
ARCHAEA.bio (see above) are likely to improve the visibility of these repo-
sitories,making it easier to gain anoverviewof algorithms that are available for
specific tasks. Furthermore, platforms like KBase provide access to full
workflows integrated into a high-performance computational infrastructure.
The reusability of bioinformatic code is also part of increasing efforts to follow
FAIR sharing principles, which apply not only to bioinformatic tools but also
to the sharing of experimental data. Notably, open-access licenses, the use of
unique and permanent identifiers (e.g., DOIs associated with specific datasets
or versions of databases), and the sharing of all relevant metadata are
increasingly required by journals and funding organizations as well. Having a
curated data-sharing platform would not only promote the dissemination of
information among existing archaea researchers but would also lower the
barrier to entry for new and early career investigators to contribute to the

broader archaeal research community by making it easier to identify knowl-
edge gaps, research priorities, and new frontiers.

Community building for collaborations, discussing results, and
advancing Early Career Researchers
Sharing and collaborating are at the core of academic research, which
involves creating communities that expand beyond geographic borders and
scientific backgrounds in order to generate newknowledge. Conferences are
still a main avenue for building communities and collaborations, whether
they are local or international (Supplemental Data 1). There are two main
international conferences focused on archaea that occur alternatingly every
other year: the Gordon Research ConferenceⓇ: Archaea: Ecology, Metabo-
lism and Molecular Biology and the EMBOⒸ workshop Molecular Biology
of Archaea. Traditionally, archaea researchers have also been very active in
participating in well-established conferences about extremophile micro-
organisms, such as the International Conference on Halophilic Micro-
organisms (Halophiles), organized every 3 years and which is currently
supported by FEMS, the International Congress on Extremophiles orga-
nized by the International Society for Extremophiles every two years and the
Thermophilesmeeting organized every 2 years Archaea researchers are also
well-represented participants of conferences about ecology (ISME Sympo-
sia), geochemistry (ISEB, ICGOA) and astrobiology (AbSciCOn) due to the
importance of Archaea in these areas.

While archaeal researchhas long been regarded as anichewithin larger
microbiology communities and conferences, the ongoing expansion and
increased attentionof archaeal biology resulted in the inclusionof archaea in
new conference titles, such as the Meeting on Regulating with RNA in
Bacteria and Archaea, The Bacterial Cell Biology and Development GRCⓇ:
Organization, Dynamics, andDevelopment of Bacterial andArchaeal Cells,
and the recentEMBOworkshopArchaeal andbacterial cell division: beyond
the Z-ring. The American Society forMicrobiology and othermicrobiology
societies take a different approach, by interspersing archaeal presentations
among their general meeting sessions to familiarize a broad swath of
microbiology researchers and educators with archaeal microbiology. Fur-
ther conferences facilitate the transfer of knowledge between the domains of
life, including not only bacteria and archaea but also eukaryotes, often
through meetings focused on specific research topics such as the Plant and
Microbial Cytoskeleton GRCⓇ or Chromosome dynamics GRCⓇ. With the
expansion of research topics in archaea beyond extremophiles, the increase
inmicrobiome research, and the revealed evolutionary ties between archaea
and eukaryotes, the number of inter-domain conferences is bound to
increase in the coming years, helping to build connections between diverse
scientific communities.

However, international conferences often put financial strain on
resource-limited research groups and tend to disadvantage groups from
outside of the US and Europe. Therefore, the virtual Archaea Power Hour
(APH) was initiated to develop a community independent of travel to pro-
mote best practices in STEM research and education71. Based on monthly
online seminars and a chat platform, their goal is to foster collaboration, and
toprovideanequitable forumfordiscussing science inadecentralized format.
The APHwas founded by established scientists and is nowmainly organized
by Early Career Researchers, and encourages participation and presentation
fromany career level.While it wasfirst established in theAmericas, spanning
North, Central, South America, and the Caribbean, it has since expanded to
Europe and is working on models to facilitate participation from across the
globe. The APH is structured as an expandable network that lends easily to
launching regional “chapters” to increase speaking and leadership opportu-
nities while maintaining the feel of a small, welcoming community. By using
socialmedia platforms and recording presentations formember distribution,
community announcements, and research findings are rapidly disseminated
worldwide. The APH membership is only limited by an individual
researcher’s desire to participate and the ability to recruit engaged colleagues
to serve on chapter organizing committees.

In addition, archaeal researchers are active in building local commu-
nities, often creating dedicated branches out of broader scientific societies
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(Supplemental Data 1). For example, The Thematic Group Archaea
(Groupe Thematique Archees) is a dedicated section of the French Society
for Biochemistry and Molecular Biology (SFBBM). This group organizes
monthly online seminars for early career researchers (ECRs) to present their
work and an annual retreat for connecting French archaeal researchers. In
the UK, the Archaea Group is part of the Genetics Society and is organizing
theAnnualUKWorkshop onArchaea. InGermany, TheArchaea specialist
group is part of the Association for General and Applied Microbiology
(VAAM). In China, the Archaea Professional Committee, a subcommittee
of the Chinese Society for Microbiology, is locally promoting archaeal
research and is aiming to organize international conferences together with
archaeal researchers from Japan and South Korea. Furthermore, internal
communities also have arisen based on events with specific research topics,
such as theFrankfurtMeeting onGenomeFunction andGeneRegulation in
Archaea, the International Workshop on Geo-Omics of Archaea, or orga-
nizing a centralized mailing list to share knowledge on haloarchaea.

Recently, the ARCHAEA.bio project team founded the first indepen-
dent archaea society: The Society for Archaeal Biology. Its primary mission

is to support the development of the ARCHAEA.bio platform, which
initially will focus on the sharing of protocols, but in the future aims to
provide a global resource not only for archaeal researchers but also for
educating the general public about archaea, their biology and their impor-
tance on our planet.

Future perspectives and challenges
As we discussed above, the archaeal community has a compelling incentive
to develop a collaborative and inclusive research environment based on
three main areas: Community building, Data accessibility, Methods devel-
opment, and reproducibility (Fig. 1), with a wealth of early career and
established researchers motivated in pursuing these efforts.

These promising initiatives are likely to solidify and expand the
archaeal research community and its global impact. Indeed, similar suc-
cessful initiatives have arisen in other fields of biology, with examples of
yeast, fruit fly, nematode and bacterial research communities that have
developedonline tools anddatabases to sharedata,methods, andmore, such
as yeastgenome.org72, flybase.org35, WormBook36 or SubtiWiki73,
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Fig. 1 | The Archaeal Research Community: values and strategies. Archaeal
researchers are self-organizing in a dynamic community around threemain axes and
corresponding values: (i) community building, to foster collaboration and inclu-
siveness between its members, (ii) data, to ensure its shareability and accessibility
and encourage interdisciplinarity, and (iii) methods, to enhance the reproducibility

and adaptation of the methods to the archaeal research. Various specific initiatives
and general topics are listed as examples of community actions towards these goals.
Usage of ARCHAEA.bio and APH logos were approved by ARCHAEA.bio and the
Society for Archaeal Biology and APH and Connor J. Hines, respectively. APH logo
attribution is: Connor J. Hines.
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respectively. Recently, efforts within the Acinetobacter baumannii research
field also led to the establishment of a database74 that combines genotypic
and phenotypic data, as well as a resource hub website75. These examples
shownot only a strong desire of researchers to connect, collaborate, develop
tools, and share data within their disciplines but also the need for com-
munity building and database solutions that are specific to the respective
researchfield. Effortswithin the archaeal research community are thus likely
to further accelerate our understanding of archaeal biology and its potential
applications.

However, archaeal research still suffers from limited funding and
awareness, making it challenging to recruit, retain, and promote people
among the ranks. Contrary to the current trend of decreasing allocations to
fundamental research, increased funding would be needed, for example, to
explore cultivation methods, develop genetic tools and other techniques, as
well as for large-scale microbiome studies. These research topics can lead to
original scientific discoveries, as well as biotechnological and biomedical
applications. Despite numerous examples of archaeal research leading to
paradigm shifts in knowledge and new technologies, including the first
glimpse of the ribosome76, the discovery of life-saving drugs77,78, and ability
to generate clean-burning energy79, to name a few, funding agencies are
often reluctant to support these topics, in part due to poor representation of
archaeal researchers in these agencies, and correspondingly little awareness
of the widespread impacts of archaeal research on society. However, we
cannot understand Biology as a whole or implement successful bio-based
technologies without considering the critical archaeal components of every
biological system. This chicken-and-egg problem should be tackled on
multiple fronts. Although science dissemination and outreach are impor-
tant aspects of a researcher’s job, it is often overlooked in annual workplace
evaluations or tracked as a productivity metric. Promoting outreach and
education in the archaeal research field, in particular, would be critical to
gain much-deserved public and academic visibility.

While archaea are gaining visibility in the academic and scientific field,
these organisms remain mostly unknown to broad communities. Even at
universities with Microbiology programs, it is fairly rare that students are
exposed to in-depth material dedicated to archaea unless archaeal
researchers are teaching in these programs themselves. Instead, archaea are
often just a side-note compared to bacteria, and updated information about
archaea (e.g., their ubiquity rather than limitation to extreme environments
or their evolutionary relationship to eukaryotes) is seldom conveyed. These
educational gaps are probably a direct reflection of the still relatively small
size of the archaeal research community and teaching force, as well as the
lack of dedicated teaching materials about archaea, which would allow
educators to create course contents more easily, and improve the learning
experience for students. A few books about archaea exist but even fewer are
written to target a general or young audience80–83.

With the Internet emerging as a major resource for learning and
education, books may also no longer be best suited as modern teaching
materials. However, only a few educational videos, podcasts, or blog posts
about archaea are available online (see Supplemental Data 1), and Wiki-
pedia entries are not as developed and up-to-date as other topics. Online
learning is further increasing, especially since the COVID pandemic, and
may represent a promising avenue to educate a broad audience about
archaea. A subgroup of the APH is producing a podcast about this domain
of life, “The ArchaeaCast,” to showcase the fascinating world of these
microorganisms in an accessible manner, and the Society for Archaeal
Biology is aiming to encourage science communication articles for the
general public. In addition, several examples of teaching experiments
focusing on archaea exist, with the idea to provide hands-on experience for
high school and undergraduate students to integrate into existing biology
curricula84–87. Further protocols for educational experiments will be col-
lected by the ARCHAEA.bio project and could be integrated into existing
educational and outreach programs such as the International Microbiology
Literacy Initiative88. With these joint efforts from the community, we can
hope for increased awareness and education about archaea in the future,
both for students and the general public.

In themeantime, archaeal researchersmust use any available resources
to efficiently demonstrate the significant impact that funding in this area can
have. Collaborative, interdisciplinary research, FAIR sharing of protocols,
strains, and data, as well as international networks to support Early Career
Researchers and minoritized scientists, are essential to building a strong
foundation for archaea research and innovation now and into the future.

Reporting summary
Further information on research design is available in the Nature Portfolio
Reporting Summary linked to this article.

Received: 28 October 2024; Accepted: 19 March 2025;

References
1. Karner, M.B., DeLong, E.F. & Karl, D.M. Archaeal dominance in the

mesopelagic zone of the Pacific Ocean. Nature 409, 507–510 (2001).
2. Voss, M. et al. The marine nitrogen cycle: recent discoveries,

uncertainties and the potential relevance of climate change. Philos.
Trans. R. Soc. Lond. B Biol. Sci. 368, 20130121 (2013).

3. Eme,L., Spang,A., Lombard, J., Stairs,C.W.&Ettema,T.J.G.Archaea
and the origin of eukaryotes.Nat. Rev. Microbiol. 15, 711–723 (2017).

4. Eichler, J. Biotechnological uses of archaeal extremozymes.
Biotechnol. Adv. 19, 261–278 (2001).

5. Cabrera, Ma. Ángeles & Blamey, J.M. Biotechnological applications of
archaeal enzymes from extreme environments. Biol. Res. 51, 37 (2018).

6. Ishino, Y., Krupovic, M. & Forterre, P. History of CRISPR-cas from
encounter with a mysterious repeated sequence to genome editing
technology. J. Bacteriol. 200, e00580 (2018).

7. Woese, C.R. & Fox, G.E. Phylogenetic structure of the prokaryotic
domain: The primary kingdoms. Proc. Natl. Acad. Sci. 74, 5088–5090
(1977).

8. Stetter, K.O. Hyperthermophiles in the history of life. Philos. Trans. R.
Soc. B: Biol. Sci. 361, 1837–1843 (2006).

9. Brock, T. D. Thermophiles: general, molecular, and applied
microbiology. (Wiley, New York, 1986).

10. vanWolferen, M., Pulschen, A.A., Baum, B., Gribaldo, S. & Albers, S.-
V. The cell biology of archaea. Nat. Microbiol. 7, 1744–1755 (2022).

11. Brock, T. D. Thermophilic microorganisms and life at high temperatures.
(Springer, New York, NY, 1978). https://doi.org/10.1007/978-1-4612-
6284-8.

12. Aparici-Carratalá, D., Esclapez, J., Bautista, V., Bonete, M.-J. &
Camacho, M. Archaea: current and potential biotechnological
applications. Res. Microbiol. 174, 104080 (2023).

13. Sun, Y., Liu, Y., Pan, J., Wang, F. & Li, M. Perspectives on cultivation
strategies of archaea.Microb. Ecol. 79, 770–784 (2020).

14. Koskinen, K. et al. First insights into the diverse human archaeome:
specific detection of archaea in the gastrointestinal tract, lung, and
nose and on skin.mBio 8, e00824–17 (2017).

15. Pinto, A.J. & Raskin, L. PCR biases distort bacterial and archaeal
community structure in pyrosequencing datasets. PLoS One7,
e43093 (2012).

16. Bang, C. & Schmitz, R.A. Archaea associated with human surfaces:
not to be underestimated. FEMSMicrobiol. Rev. 39, 631–648 (2015).

17. Taffner, J. et al. What is the role of archaea in plants? New insights
from the vegetation of alpine bogs.mSphere 3, 3 (2018).

18. Peng, Y. et al. Archaea: an under-estimated kingdom in livestock
animals. Front. Vet. Sci. 9, 973508 (2022).

19. Yang, J. et al. The role of gut archaea in thepiggutmicrobiome: amini-
review. Front. Microbiol. 14, 1284603 (2023).

20. Lancet, T. One Health: a call for ecological equity. Lancet 401, 169
(2023).

21. Kuehnast, T. et al. Exploring the human archaeome: its relevance for
health and disease, and its complex interplaywith the human immune
system. FEBS J. 292, 1316–29 (2025).

https://doi.org/10.1038/s42003-025-07962-8 Perspective

Communications Biology |           (2025) 8:519 5

https://doi.org/10.1007/978-1-4612-6284-8
https://doi.org/10.1007/978-1-4612-6284-8
https://doi.org/10.1007/978-1-4612-6284-8
www.nature.com/commsbio


22. Nkamga, V.D., Henrissat, B. & Drancourt, M. Archaea: essential
inhabitants of the humandigestivemicrobiota.Hum.Microbiome J. 3,
1–8 (2017).

23. Duller, S. & Moissl-Eichinger, C. Archaea in the Human Microbiome
andPotential EffectsonHuman InfectiousDisease.Emerg. Infect.Dis.
30, 1505–1513 (2024).

24. Wegener, G., Laso-Pérez, R., Orphan, V.J. & Boetius, A. Anaerobic
Degradation of Alkanes byMarine Archaea. Annu. Rev. Microbiol. 76,
553–577 (2022).

25. Fiore, N.A. et al. Microbial methane production from calcium
carbonate atmoderately alkaline pH.Commun. Earth Environ. 6, 1–13
(2025).

26. Conrad, R. The global methane cycle: recent advances in
understanding the microbial processes involved. Environ. Microbiol.
Rep. 1, 285–292 (2009).

27. Zhang, X., Zhang, C., Liu, Y., Zhang, R. & Li,M. Non-negligible roles of
archaea in coastal carbon biogeochemical cycling. Trends Microbiol.
31, 586–600 (2023).

28. Krukenberg, V., Kohtz, A.J., Jay, Z.J. & Hatzenpichler, R. Methyl-
reducing methanogenesis by a thermophilic culture of Korarchaeia.
Nature 632, 1131–1136 (2024).

29. Liu, Y. et al. Expanded diversity of Asgard archaea and their
relationships with eukaryotes. Nature 593, 553–557 (2021).

30. Eme, L. et al. Inference and reconstruction of the heimdallarchaeial
ancestry of eukaryotes. Nature 618, 992–999 (2023).

31. Imachi, H. et al. Isolation of an archaeon at the prokaryote–eukaryote
interface. Nature 577, 519–525 (2020).

32. Hatano, T. et al. Asgard archaea shed light on the evolutionary origins
of the eukaryotic ubiquitin-ESCRT machinery. Nat. Commun. 13,
3398 (2022).

33. Morrissey, J.P. Editorial: networking and collaboration: a stronghold
of the yeast research community. FEMSYeast Res. 17, fox043 (2017).

34. Bilder, D. & Irvine, K.D. Taking stock of the drosophila research
ecosystem. Genetics 206, 1227–1236 (2017).

35. Öztürk-Çolak, A. et al. FlyBase: updates to the Drosophila genes and
genomes database. Genetics 227, iyad211 (2024).

36. Girard, L.R. et al. WormBook: the online review of Caenorhabditis
elegans biology. Nucleic Acids Res. 35, D472–D475 (2007).

37. Meneely, P.M., Dahlberg, C.L. & Rose, J.K. Working with worms:
caenorhabditis elegans as a model organism. Curr. Protoc. Essent.
Lab. Tech. 19, e35 (2019).

38. Rodrigues-Oliveira, T. et al. Actin cytoskeleton and complex cell
architecture in an Asgard archaeon. Nature 613, 332–339 (2023).

39. Farkas, J.A., Picking, J.W. & Santangelo, T.J. Genetic techniques for
the archaea. Annu. Rev. Genet. 47, 539–561 (2013).

40. Leigh, J.A., Albers, S.-V., Atomi, H. & Allers, T. Model organisms for
genetics in the domain Archaea: methanogens, halophiles,
Thermococcales and Sulfolobales. FEMSMicrobiol Rev. 35, 577–608
(2011).

41. Pohlschroder, M. & Schulze, S. Haloferax volcanii. Trends Microbiol.
27, 86–87 (2019).

42. Wagner,M. et al. Expanding andunderstanding the genetic toolbox of
the hyperthermophilic genus Sulfolobus. Biochem. Soc. Trans. 37,
97–101 (2009).

43. Costa,K.C.&Whitman,W.B.Model organisms to studymethanogenesis,
a uniquely archaealmetabolism. J.Bacteriol.205, e00115–e00123 (2023).

44. Pérez-Arnaiz, P., Dattani, A., Smith, V. &Allers, T. Haloferax volcanii—
a model archaeon for studying DNA replication and repair.Open Biol.
10, 200293 (2020).

45. Scott, K.A., Williams, S.A. & Santangelo, T.J. Thermococcus
kodakarensis provides a versatile hyperthermophilic archaeal
platform for protein expression. Methods Enzymol. 659, 243–273
(2021).

46. Archaea: methods and protocols. vol. 2522 (Springer US, New York,
NY, 2022).

47. Pende, N. et al. SepF is the FtsZ anchor in archaea, with features of an
ancestral cell division system. Nat. Commun. 12, 3214 (2021).

48. Diaba-Nuhoho, P. & Amponsah-Offeh, M. Reproducibility and
research integrity: the role of scientists and institutions. BMC Res.
Notes 14, 451 (2021).

49. Rahal, R.-M., Hamann, H., Brohmer, H. & Pethig, F. Sharing the
Recipe: Reproducibility and Replicability in Research Across
Disciplines. Res. Ideas Outcomes 8, e89980 (2022).

50. Davies, E. W. & Edwards, D. D. Promoting Responsible Scientific
Research: Report on an American Academy of Microbiology
Colloquium Held in Washington, DC, from 14 to 15 October 2015.
(American Society for Microbiology, Washington (DC), 2016).

51. Dyall-Smith, M. The Halohandbook: protocols for haloarchaeal
genetics. (2009).

52. Research, I. of M. (US) C. on R. S. in B., Berns, K. I., Bond, E. C. &
Manning, F. J. The American type culture collection. In: Resource
Sharing inBiomedical Research (National Academies Press (US), 1996).

53. Makarova, K.S., Wolf, Y.I. & Koonin, E.V. Towards functional
characterization of archaeal genomic dark matter. Biochem. Soc.
Trans. 47, 389–398 (2019).

54. Xue, B., Williams, R.W., Oldfield, C.J., Dunker, A.K. & Uversky, V.N.
Archaic chaos: intrinsically disorderedproteins inArchaea.BMCSyst.
Biol. 4, S1 (2010).

55. Schneider, K.L., Pollard, K.S., Baertsch, R., Pohl, A. & Lowe, T.M. The
UCSCArchaealGenomeBrowser.NucleicAcidsRes.34, D407–D410
(2006).

56. Benson, D.A. et al. GenBank.Nucleic Acids Res. 41, D36–D42 (2013).
57. Chan, P.P., Holmes, A.D., Smith, A.M., Tran, D. & Lowe, T.M. The

UCSC Archaeal Genome Browser: 2012 update. Nucleic Acids Res.
40, D646–D652 (2012).

58. Makarova, K.S., Wolf, Y.I. & Koonin, E.V. Archaeal clusters of
orthologous genes (arCOGs): an update and application for analysis
of shared features between thermococcales, methanococcales, and
methanobacteriales. Life (Basel) 5, 818–840 (2015).

59. Schulze, S. et al. The Archaeal Proteome Project advances
knowledge about archaeal cell biology through comprehensive
proteomics. Nat. Commun. 11, 3145 (2020).

60. Schulze, S., Pfeiffer, F., Garcia, B.A. & Pohlschroder, M. Comprehensive
glycoproteomics shines new light on the complexity and extent of
glycosylation in archaea. PLoS Biol. 19, e3001277 (2021).

61. Schulze, S. & Pohlschroder, M. Proteomic Sample Preparation and
Data Analysis in Line with the Archaeal Proteome Project. in Archaea:
Methods andProtocols (ed. Ferreira-Cerca, S.) 287–300 (SpringerUS,
New York, NY, 2022).

62. Hadjeras, L. et al. Revealing the small proteome of Haloferax volcanii
by combining ribosome profiling and small-protein optimized mass
spectrometry.microLife 4, uqad001 (2023).

63. Barrett, T. et al. NCBI GEO: archive for functional genomics data sets
—update. Nucleic Acids Res. 41, D991–D995 (2013).

64. Kanehisa, M., Sato, Y., Kawashima, M., Furumichi, M. & Tanabe, M.
KEGG as a reference resource for gene and protein annotation.
Nucleic Acids Res. 44, D457–D462 (2016).

65. Seaver, S.M.D. et al. The ModelSEED Biochemistry Database for the
integration of metabolic annotations and the reconstruction,
comparison and analysis of metabolic models for plants, fungi and
microbes. Nucleic Acids Res. 49, D575–D588 (2021).

66. Arkin, A.P. et al. KBase: The United States Department of Energy
SystemsBiologyKnowledgebase.Nat. Biotechnol.36, 566–569 (2018).

67. Stoddard, S.F., Smith, B.J., Hein, R., Roller, B.R.K. & Schmidt, T. M.
rrnDB: improved tools for interpreting rRNA gene abundance in
bacteria and archaea and a new foundation for future development.
Nucleic Acids Res. 43, D593–D598 (2015).

68. Quast, C. et al. The SILVA ribosomal RNA gene database project:
improved data processing and web-based tools. Nucleic Acids Res.
41, D590–D596 (2013).

https://doi.org/10.1038/s42003-025-07962-8 Perspective

Communications Biology |           (2025) 8:519 6

www.nature.com/commsbio


69. Deutsch, E.W. et al. The ProteomeXchange consortium at 10 years:
2023 update. Nucleic Acids Res. 51, D1539–D1548 (2023).

70. TheUniProtConsortiumUniProt: theUniversal ProteinKnowledgebase in
2023. Nucleic Acids Res. 51, D523–D531 (2023).

71. Graduate STEM education for the 21st century. (National Academies
Press, Washington, D.C., 2018). https://doi.org/10.17226/25038.

72. Wong, E.D. et al. Saccharomyces genome database update: server
architecture, pan-genome nomenclature, and external resources.
Genetics 224, iyac191 (2023).

73. Elfmann, C., Dumann, V., van den Berg, T. & Stülke, J. A new
framework for SubtiWiki, the database for the model organism
Bacillus subtilis. Nucleic Acids Res. 53, D864–D870 (2025).

74. Valcek, A., Collier, J. & Botzki, A. & Van der Henst, C. Acinetobase: the
comprehensive database and repository of Acinetobacter strains.
Database 2022, baac099 (2022).

75. Karah, N. et al. The Acinetobacter baumannii website (Ab-web): a
multidisciplinary knowledge hub, communication platform, and
workspace. FEMS Microbes 4, xtad009 (2023).

76. von Böhlen, K. et al. Characterization and preliminary attempts for
derivatization of crystals of large ribosomal subunits from Haloarcula
marismortui diffracting to 3 Å resolution. J. Mol. Biol. 222, 11–15 (1991).

77. Wolfe, R. S. & McBride, B. C. New coenzyme of methyl transfer,
coenzyme M. Biochemistry 10, 2317–24 (1971).

78. Kempf, S.R., Ivankovic, S., Wiessler, M. & Schmähl, D. Effective
preventionof thenephrotoxicity of cis-platin (CDDP)byadministration
of sodium2-mercaptoethane-sulfonate (MESNA) in rats.Br. J.Cancer
52, 937–939 (1985).

79. Demirel,B.&Scherer,P.The rolesof acetotrophicandhydrogenotrophic
methanogens during anaerobic conversion of biomass to methane: a
review. Rev. Environ. Sci. Biotechnol. 7, 173–190 (2008).

80. Mikoley, K.What are archaea? (Gareth Stevens Publishing LLLP,
2019).

81. Howland, J. L. The surprising archaea: discovering another domain of
life. (Oxford University, 2000).

82. Friend, T. The third domain: the untold story of archaea and the future
of biotechnology. (National Academies Press, 2007).

83. Garrett, R. A. & Klenk, H.-P. Archaea: evolution, physiology, and
molecular biology. (John Wiley & Sons, 2008).

84. Kouassi, J. E., Waldron, I., Tripepi, M. & Pohlschroder, M. Laboratory
activity to promote student understanding of UV mutagenesis and
DNA repair. J.Microbiol. Biol. Educ.18, https://doi.org/10.1128/jmbe.
v18i1.1202 (2017).

85. Schiller, H., Young, C., Schulze, S., Tripepi, M. & Pohlschroder, M. A
twist to the kirby-bauer disk diffusion susceptibility test: an accessible
laboratory experiment comparing haloferax volcanii and escherichia
coli antibiotic susceptibility to highlight the unique cell biology of
archaea. J. Microbiol. Biol. Educ. 23, e00234–21 (2022).

86. Dassarma, P. et al. Inquiry-driven teaching & learning using the
archaeal microorganism halobacterium NRC-1. Am. Biol. Teach. 78,
7–13 (2016).

87. Tripepi, M., Clear, M., Bondi, J.L., Brunelli, E. & Berardi, A. From gene
to function: a safe laboratory exercise promoting the learning of the
central dogma of biology for the undergraduate biology curriculum†.
J. Microbiol. Biol. Educ. 21, 30 (2020).

88. Timmis,K.ARoad toMicrobiologyLiteracy (andMore): anopportunity
for a paradigm change in teaching. J. Microbiol. Biol. Educ. 24,
e00019–e00023 (2023).

Acknowledgements
We greatly appreciate the valuable feedback and suggestions from Willm
Martens-Habbena, Nika Pende, Gabriel Risa, Michel Geovanni Santiago-
Martinez, andMarleenvanWolferenduring thewritingof thismanuscript.We

would also like to thank all researchers involved in and contributing to
ARCHAEA.bio and the Society for Archaeal Biology (Charity #1199363
registered at the Charity Commission for England and Wales), the Archaeal
ProteomeProject, and theAPH for their engagementandsupport increating
a thriving archaeal research community. S.S. would like to thank theCollege
ofScienceandThomasH.GosnellSchoolofLifeSciencesatRIT forfinancial
support. This work was also supported by grants from the United States
Department of Agriculture HATCHMultistate enhanced funding (NC1200
Photosynthetic Processes NEB-30-133 and NEB-30-138), the Nebraska
Center for Energy Sciences Research (Cycle 17), and the Nebraska Corn
Board (88-R-2425-04) to N.R.B. Any opinions, findings, and conclusions or
recommendations expressed in this material are those of the author(s) and
do not necessarily reflect the views of the funding agencies.

Author contributions
S.I. andS.S.wrote the first draft of themanuscript, andN.R.B. contributed to
significant changes. S.I. created the figure and supplemental data table and
modified them in discussion with S.S. All authors read, commented on, and
edited the manuscript, resulting in the final version.

Competing interests
The authors declare the following competing interests: S.I. and S.S. declare
no competing interests. N.R.B. has disclosed a significant financial interest
in RollingCircle Biotech, LLC and Molecular Trait Evolution, Inc.

Additional information
Supplementary information The online version contains
supplementary material available at
https://doi.org/10.1038/s42003-025-07962-8.

Correspondence and requests for materials should be addressed to
Stefan Schulze.

Peer review information Communications Biology thanks Alexandre
Bisson, Meng Li, and the other, anonymous, reviewers for their contribution
to the peer review of this work. Primary Handling Editors: Tobias Goris and
George Inglis. A peer review file is available.

Reprints and permissions information is available at
http://www.nature.com/reprints

Publisher’s note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

Open Access This article is licensed under a Creative Commons
Attribution-NonCommercial-NoDerivatives 4.0 International License,
which permits any non-commercial use, sharing, distribution and
reproduction in any medium or format, as long as you give appropriate
credit to the original author(s) and the source, provide a link to the Creative
Commons licence, and indicate if you modified the licensed material. You
do not have permission under this licence to share adapted material
derived from this article or parts of it. The images or other third party
material in this article are included in the article’s Creative Commons
licence, unless indicated otherwise in a credit line to thematerial. If material
is not included in thearticle’sCreativeCommons licenceandyour intended
use is not permitted by statutory regulation or exceeds the permitted use,
you will need to obtain permission directly from the copyright holder. To
view a copy of this licence, visit http://creativecommons.org/licenses/by-
nc-nd/4.0/.

© The Author(s) 2025

https://doi.org/10.1038/s42003-025-07962-8 Perspective

Communications Biology |           (2025) 8:519 7

https://doi.org/10.17226/25038
https://doi.org/10.17226/25038
https://doi.org/10.1128/jmbe.v18i1.1202
https://doi.org/10.1128/jmbe.v18i1.1202
https://doi.org/10.1128/jmbe.v18i1.1202
https://doi.org/10.1038/s42003-025-07962-8
http://www.nature.com/reprints
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
www.nature.com/commsbio

	Advancing archaeal research through FAIR resource and data sharing, and inclusive community building
	Outline placeholder
	Protocols and methods—learning from each other’s mistakes and successes
	Data sharing—distributing the knowledge, and enabling new analyses
	Community building for collaborations, discussing results, and advancing Early Career Researchers

	Future perspectives and challenges
	Reporting summary

	References
	Acknowledgements
	Author contributions
	Competing interests
	Additional information




