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Abstract
DNA sequencing efforts of environmental and other biological samples disclose unprecedented and largely untapped opportunities 
for advances in the taxonomy, ecology, and geographical distributions of our living world. To realise this potential, DNA-derived 
occurrence data (notably sequences with dates and coordinates) – much like traditional specimens and observations – need to be 
discoverable and interpretable through biodiversity data platforms. The Global Biodiversity Information Facility (GBIF) recently 
headed a community effort to assemble a set of guidelines for publishing DNA-derived data. These guidelines target the principles 
and approaches of exposing DNA-derived occurrence data in the context of broader biodiversity data. They cover a choice of terms 
using a controlled vocabulary, common pitfalls, and good practices, without going into platform-specific details. Our hope is that 
they will benefit anyone interested in better exposure of DNA-derived occurrence data through general biodiversity data platforms, 
including national biodiversity portals. This paper provides a brief rationale and an overview of the guidelines, an up-to-date version 
of which is maintained at https://doi.org/10.35035/doc-vf1a-nr22. User feedback and interaction are encouraged as new techniques 
and best practices emerge.
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Introduction
The last 30 years have brought an increased understand-
ing of the immense power of molecular methods for 
documenting the diversity of life on earth. DNA-derived 
data enable us to also record inconspicuous and even 
undescribed species – taxa that typically fall below the 
radar of vetted protocols for field work, checklists, and 
depositions into natural science collections. Expanding 
the concept of biological occurrences to routinely include 
molecular detections is a hotly discussed topic that has 
only relatively recently moved beyond the conceptual 
stage, through the Global Biodiversity Information Facil-
ity’s (GBIF; www.gbif.org/) inclusion of fungal molecu-
lar occurrence data (Nilsson et al. 2019). Other initiatives 
soon followed, and yet others are in the planning stage. 
This puts us at a pivotal time in the history of biology; by 
reaching agreement on how we should record and report 
on an organism as present in some substrate or locality 
through molecular data, we can hopefully avoid issues of 
data heterogeneity and incomparability that have plagued 
other scientific fields for decades (Leebens-Mack et al. 
2006; Yilmaz et al. 2011). Moreover, clear documentation 
of the computational processing from raw DNA sequence 
data to deduced species observations will improve in-
teroperability and scientific reproducibility, including 
subsequent data reanalysis using improved methods, as 
put forth through the FAIR principles (Wilkinson et al. 
2016). In 2020, the present authors – an international 
community headed by GBIF – set out to produce a guide-
lines document for standardised and reproducible genera-
tion and representation of biological occurrences through 
molecular data. August 2021 saw the first release of this 
guide (https://doi.org/10.35035/doc-vf1a-nr22), whose 
foundational principles are outlined below.

Data packing and mapping
Our goal was to make the guide comprehensive enough to 
cover at least the most popular of the many DNA-based 
approaches used to characterise the world’s biota, with 
a primary focus on metabarcoding, metagenomics, and 
quantitative PCR (qPCR and ddPCR). The guide assumes 
the data to have been collected, processed, and analysed 
in appropriate ways (Bustin et al. 2009; Budowle et al. 
2014; Thalinger et al. 2021; Tedersoo et al. 2022). We 
sought to put forth a set of instructions on how to for-
mat data from DNA metabarcoding, metagenomics, and 
qPCR/ddPCR projects into datasets amenable to algorith-
mic interpretation by the major biodiversity informatics 
platforms. In this process we wanted to reflect the Darwin 
Core standard (DwC; Wieczorek et al. 2012), a controlled 
vocabulary intended to facilitate the sharing of informa-
tion about biological diversity by providing identifiers, 
labels, and definitions. This essentially meant that we 
needed to specify which ‘core’ and ‘extension’ files to 
use, and how to best map specific data items to extant 

(or novel) DwC terms. Recognising that at least some 
metadata, such as processed barcode sequences, would 
need to point to individual occurrences, we settled for 
an Occurrence core. Choosing an extension file to hold 
sequence-related metadata was less straightforward, as 
several related initiatives already existed within the DwC 
community, although their output did not fully cater to all 
our needs. These available initiatives included the GGBN 
Amplification and the MIxS Sample specification, pro-
vided by the Global Genome Biodiversity Network and 
the Genomic Standards Consortium (GSC), respectively. 
As the latter format derived from the same GSC family 
of minimum information standards used in sample reg-
istration and raw sequence archiving with the European 
Nucleotide Archive (ENA; Cummins et al. 2022), it was 
selected as a starting point for our extension file.

The mapping process started with a spreadsheet com-
parison of (meta)data fields used in a selection of se-
quence-based datasets provided by GBIF including, e.g., 
output from the MGnify pipeline (Mitchell et al. 2020) 
and the Biowide project (Frøslev and Ejrnæs 2018), as 
well as by the present authors (e.g., Finstad et al. 2020). 
These fields were mapped to fields both in the MIxS 
sample specification and in the more extensive body of 
GSC MIxS checklists. The objectives were to: 1) identify 
ambiguities, i.e., cases where the same information type 
was given in different fields; 2) discuss where we could 
make use of standard DwC or MIxS fields, and where we 
needed to add novel fields, if any; and 3) define sets of 
recommended and required fields for this specific type of 
occurrence data.

Blending individual elements from existing standards 
may risk jeopardising universality and inclusiveness of 
detail in the resulting mix but should improve interopera-
bility and maximise the coverage of cases across biomes 
(the minimum standard approach, see Rund et al. 2019). 
We participated in a joint Biodiversity Information Stan-
dards and Genomic Standards Consortium endeavour to 
align efforts on the DwC and MIxS specifications. This 
work included semantic mapping between DwC/MIxS 
terminologies, harmonised use of identifiers, and test in-
gestions of metabarcoding datasets using the proposed 
DwC extension. These results are presented in Meyer et 
al. (2021) and benefited the present guidelines.

At the time of writing, none of GBIF, OBIS, or ALA 
is capable of directly ingesting biological samples from 
observation (taxon/operational taxonomic unit) contin-
gency tables. Therefore, the mapping step in Fig. 1 also 
implies conversion into Darwin Core archives. We are not 
aware of any standard tools for this conversion, so some 
degree of scripting is involved. The conversion can be de-
scribed as follows: for each taxon/operational taxonomic 
unit (OTU; Blaxter et al. 2005) in a sample, write one row 
to the Occurrence and DNA derived data CSV files that 
combines information from the Sample and Taxon/OTU 
metadata, including dates and coordinates. CSV head-
ers in the Occurrence and DNA derived data CSV files 
should follow the recommendations in the guide (https://
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doi.org/10.35035/doc-vf1a-nr22) sections 2.2.1 (metabar-
coding (eDNA) and barcoding data) and 2.2.2 (ddPCR / 
qPCR data). The CSV files should be packaged into a Dar-
win Core archive along with an Ecological Metadata Lan-
guage file (EML; Jones et al. 2019) describing the data-
set, as shown in Fig. 2. Preparing the EML and mapping 
CSV column headers can be done in IPT (Robertson et al. 
2014), which supports registering datasets for ingestion 
into GBIF. General information on the anatomy of Darwin 
Core archives can be found at https://dwc.tdwg.org/text/.

Outline of the guidelines

The guide is maintained at https://doi.org/10.35035/doc-
vf1a-nr22. We intend it to be a living document that is up-
dated as new techniques and best practices emerge, and for 
this reason the guide is not presented in a static version in 
the present publication. An overview of the aspects cov-
ered by the guide is provided in Fig. 1. The guide starts 
at the raw data step and covers various aspects of data 
treatment and analysis. It touches upon deposition of raw 
data into appropriate repositories and then pays particular 
attention to turning the raw sequence data into Darwin 
Core Archive (DwC-A; https://dwc.tdwg.org/) compati-
ble, enriched occurrence record files for data publication 
in, e.g., the GBIF and Atlas of Living Australia (ALA; 
Belbin et al. 2021) networks and the Ocean Biodiversity 

information system (OBIS; https://obis.org). Other major 
networks and national biodiversity data platforms are cur-
rently exploring applicability of the guide to their needs. 
The guide wraps up by outlining practical aspects of data 
publication and dissemination (Fig. 2). The three chap-
ters of the guide comprise numerous best practises and a 
total of 99 proposed (meta)data fields for the various data 
types covered by the guide. The relevance of the various 
components of the guide will vary with the specifics of 
the study and data at hand, but our intention is that the 
guide should provide both a framework and flexibility to 
additionally accommodate study types unforeseen by us.

Discussion and outlook

The nature of the stakeholders of biodiversity data plat-
forms is very diverse. Users and data depositors include 
students, researchers, biodiversity data managers, govern-
mental and private agencies, policy makers, and bioinfor-
maticians. Not all stakeholders are perhaps in the habit of 
approaching biological evidence through molecular means, 
but we sense that the interest in exploring DNA-derived 
data through biodiversity data platforms is growing steadi-
ly. While this highlights the need for a set of guidelines 
and recommendations of the present kind, it also suggests 
that situations and cases unforeseen by the authors and 
contributors of this guide are likely to surface. Similarly, 

Figure 1. Overall workflow for DNA sequence-derived biodiversity data as described in the guide (https://doi.org/10.35035/doc-
vf1a-nr22). Chapter numbers refer to chapters in the guide.
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recommendations and best practices are likely to change 
over time as new techniques and approaches emerge. We 
are, for instance, in the process of considering resources 
such as the BOLD Handbook, the Biological Observation 
Matrix (BIOM) format, and the EDAM ontology of biosci-
entific data analysis and data management (http://edamon-
tology.org/page). Similarly, data formats that support more 
complex relational and hierarchical data – notably the Fric-
tionless Data Format – are interesting and very relevant 
developments for the study of biodiversity. The guide has 
already seen a number of minor updates and improvements 
since its formal August 2021 release, and our ambition is 
to keep it updated over time. User feedback is a crucial 
component of this endeavour, and we warmly welcome 
user interaction at the URL provided in the Results section.

The purpose of exposing DNA-derived occurrence data 
through biodiversity platforms is to enable reuse of these 
data alongside other biodiversity data types. Connect-
ing DNA sequences to traditional nomenclature through 
voucher specimen sequencing is still in progress in ge-
netic reference databases. Indeed, recording sequences 
alongside occurrences will allow continuous update and 
reconfirmation of taxonomic classifications. To facilitate 
comparisons to traditional observations, links to databas-
es of scientific names should be maintained. For example, 
OBIS adopted the present guidelines and additionally re-
quires a direct link with Linnean names through the World 
Register of Marine Species (WoRMS; https://www.ma-
rinespecies.org) catalogue. Indeed, through the develop-
ment and adoption of these guidelines through multiple 
biodiversity data networks, the sharing of large amounts 

of data arising from genetic studies will be made easier 
and promote wider use of those data. Future plans include 
work to enable publishing datasets across both GBIF and 
OBIS through a single data submission instance.

A hurdle towards the goal of integrating DNA-based 
occurrences into routine biological practice is the some-
what poor track record of biology when it comes to mak-
ing actual research data available to begin with (e.g., 
Hinchliff et al. 2015; Khan et al. 2021). The final, pub-
lished research paper is all too often seen as the sole end 
product of the research project in question, and little, if 
any, effort is made to facilitate re-interpretation and re-use 
of the underlying results and data for the same or other 
purposes (Durkin et al. 2020; Abarenkov et al. 2022). Our 
understanding of our living world comes out at the losing 
end of decisions of this kind, and we are happy to note an 
incipient trend towards increasing awareness of the role 
of data in biology (Penev et al. 2017; Mandeville et al. 
2021). There are many reasons why it makes scientific and 
professional sense to report DNA-derived occurrence data 
in an open and reproducible way. Notably, it contributes 
to taxonomic and ecological advances, it highlights taxa 
concerned in the context of biological conservation, it may 
invite unexpected collaborations, it is increasingly being 
favoured by research councils and other funding bodies, 
and it is likely to increase citations (Culina et al. 2018; 
Christensen et al. 2019; Khan et al. 2021). Additionally, 
it also provides a mechanism to store occurrence records 
of undescribed species (Kõljalg et al. 2020). When these 
yet-to-be-described taxa are finally linked to new Lin-
naean names, all these linked occurrence records will be 

Figure 2. Outline of a platform for reporting and publishing DNA sequences and associated metadata (green box) based on existing 
systems and data standards (grey boxes). An envisioned system for regular (based on machine-to-machine reading of data) update of 
results (white box) can either read, and update, the Darwin Core Archive or various other administration systems. The data transfer 
between the various elements (black arrows) will require various degrees of data transformation and harmonisation and may include 
either mechanical or human quality assessment. The items “DNA-derived data extension” and “Measurements & Facts” refer to data 
that must, should, or could be bundled with occurrence data and are detailed in section 2.2 of the guide.
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immediately available (Nilsson et al. 2019). Each of these 
benefits provides a strong rationale for professionals to 
adopt the practices outlined in this guide, helping them 
to highlight a significant proportion of biodiversity, speed 
up its discovery and formal description, and integrate it 
into biological conservation and policymaking (Scholz et 
al. 2022). Biology is perhaps a field that has been slow to 
fully adopt the concepts of data publishing and reuse, but 
we hope that the present guide will contribute to the pop-
ularisation and perhaps standardisation of new biological 
data types. We certainly anticipate a near future where bi-
ological occurrences are routinely pursued in light of both 
traditional and molecular data for all groups of organisms.
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