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Best practices for genetic and genomic data archiving 88 

  89 
Abstract: Genetic and genomic data are collected for a vast array of scientific and 90 
applied purposes. Despite mandates for public archiving, data are typically used only by 91 
the generating authors. The reuse of genetic and genomic datasets remains uncommon 92 
because it is difficult, if not impossible, due to non-standard archiving practices and lack 93 
of contextual metadata. But as the new field of macrogenetics is demonstrating, if genetic 94 
data and their metadata were more accessible and FAIR compliant, they could be reused 95 
for many additional purposes. We discuss the main challenges with existing genetic and 96 
genomic data archives, and suggest best practices for archiving genetic and genomic 97 
data. Recognising that this is a longstanding issue due to little formal data management 98 
training within the fields of ecology and evolution, we highlight steps that research 99 
institutions and publishers could take to improve data archiving. 100 

 101 
Main: 102 
A brief overview on the history and value of genetic data in ecology and evolution  103 
Synthesis of Open Data (publicly archived data, free to reuse) is a powerful tool that is 104 
increasingly being used to test pressing questions in ecology and evolution. However, it 105 
remains common for valuable datasets to be forgotten after a single use1–3. This is a 106 
missed opportunity and hinders scientific progress. Producing scientific data is often 107 
expensive and time-consuming. Furthermore, most data have numerous potential 108 
applications beyond their original use4. 109 

Public archiving of genetic and genomic sequence data (hereafter ‘genetic data’) 110 
became standard practice in the 1980s5 but notably, archiving associated metadata (data 111 
that describe the sampling event, sample, and other derived data), still remains 112 
discretionary. Nevertheless, genetic data repositories were some of the earliest Open 113 
Data projects (e.g. National Center for Biotechnology Information ‘NCBI’ GenBank6) and 114 
continue to arise in response to the increasing needs and volume of genomic data 115 
archiving (e.g.7,8). 116 

Open population genetic data have now accumulated to the point where data can 117 
be synthesized across broad scales (e.g., in macrogenetics9,10), rapidly advancing the 118 
fields of ecology and evolution by enabling characterization of global biodiversity patterns 119 
and genetic diversity trends10,11. Sequences within NCBI are now frequently reused for 120 
taxonomic assignments, facilitating species discovery and environmental DNA method 121 
development12. Accessible raw genomic read datasets have also become central to 122 
bioinformatic teaching and analysis development (e.g.13). Yet the future reuse potential 123 
of genetic data extends further, as an abundance of unattempted and unknown uses 124 
remain. Vitally, data reuse is one way for countries to help prevent genetic diversity loss 125 
through reporting the required genetic indicators of the Convention of Biological Diversity 126 



(CBD) Kunming-Montreal Global Biodiversity Framework (e.g. headline indicator A.414–127 
16).  128 

Despite the long history and growing abundance of Open Genetic Data, journal 129 
Open Data policies21–25, and increasing awareness of the FAIR principles (Findable, 130 
Accessible, Interoperable, and Reusable26), there are still numerous issues that inhibit 131 
comprehensive reuse. These range from issues general to ecology and evolution such 132 
as inaccessible private data (comprehensively addressed elsewhere2,3,27–29), to field-133 
specific issues we outline below. In this perspective, we suggest guidance on archiving 134 
different types of genetic data and their associated metadata. We discuss additional steps 135 
or infrastructure needed to improve the status quo. Ultimately, our goal is to prevent data 136 
loss and facilitate data reuse. 137 

 138 

Figure 1: Estimating the unknown number of ‘missing’ datasets in open repositories. Spatial 
distribution (a) and proportion (b) of overlapping datasets available in two recently published 
macrogenetic databases for mammals, birds, reptiles, and amphibians from the USA and Canada: 
1) MACROPOPGEN17, consists of georeferenced microsatellite-derived summary statistics 
extracted from published articles; 2) SDbG18–20 consists of raw microsatellite genotype datasets 
extracted directly from open repositories. After cross checking, only 21.38% of the data entries 
were found in both databases (black dots), while 59.5% were found exclusively in 
MACROPOPGEN (blue dots). Low overlap suggests a large proportion of genetic studies 
included in MACROPOPGEN did not have findable publicly archived data and/or sufficient 
metadata, and thus were not usable in the SDbG.  
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The need to improve genetic data archiving practices in 139 
ecology and evolution 140 

The FAIR guiding principles are the foundation 141 
for good, transparent, and reproducible science. The 142 
clearest evidence for this is that Open Data have been 143 
used to identify scientific misconduct (e.g.30). Datasets 144 
are often financed by taxpayers, making public releases 145 
of any data an ethical - often mandated31 - obligation to 146 
ensure the full value is obtained. Genomic data 147 
production has been particularly expensive, costing 148 
hundreds of millions of dollars that would have to be re-149 
spent to regenerate data without archive enrichment32. 150 
Furthermore, due to the rapid pace of biodiversity loss33, 151 
which includes allelic loss and population extirpation34, 152 
recollecting data may be impossible, rendering existing 153 
data irreplaceable. Existing genetic data consequently 154 
represent an irreplaceable baseline against which to 155 
compare future measurements (i.e. for monitoring35). 156 
Poor archiving represents a significant loss of time, 157 
resources, and opportunities (Figure 1). It is also an 158 
unnecessary ethical footprint when data re-generation 159 
requires animal handling. Further, increasing genetic 160 
data volumes and associated storage energy costs add 161 
urgency to the need to improve the archiving standards 162 
of genetic data and their metadata by establishing best 163 
practices.  164 

Researchers can benefit in many ways from 165 
publicly archiving genetic data. Open datasets can 166 
enhance the scholarly recognition of individual research 167 
efforts, because data releases with DOIs and data 168 
papers can be cited (e.g. MacroPopGen17). As in many 169 
disciplines, data papers (e.g. Darwin Tree of Life’s 170 
Genome Notes) are becoming increasingly popular. 171 
Synthesis can also test previously unanswerable big-172 
picture questions in genetics, benefiting researchers 173 
through advancement of their field10. 174 
  175 
 Best practices for FAIR genetic data archiving 176 

 The most widely available genetic data types in molecular 177 
ecology and evolution are: a) barcoding/gene sequences 178 
(e.g. mitochondrial cytochrome oxidase, the major 179 

Figure 2: Summary of Best 
Practice recommendations for 
each type of genetic data. 
 

Gene sequences

Microsatellite genotypes

Genomic read data

• FASTA format 

• use established databases (INSDC)

• archive all haplotypes (not only unique/new)

• minimum sample metadata (Box 2)

• STRUCTURE single line format 

• use any FAIR compliant database 

• link data to publication

• use keywords on archive to enhance 
findability 

• minimum sample metadata (Box 2)

• demultiplexed read and least processed 
VCF files

• use established database (INSDC for read 
data) and FAIR compliant database (VCF)

• consistent sample names across all files 

• minimum sample metadata (Box 2) 

• comprehensive code archiving and
 enriched VCF header

Recommendations for Genetic 
and Genomic Data Archiving

a)

b)

c)

d) Indigenous peoples’ data
• collaboratively write data management 

plan(s)

• remove technology barriers when 
sharing data 

• publically archive data carefully, 
respecting DSI and commerical value 

• use an agreed-upon archiving database 

• include essential sample metadata with 
clear reuse permissions/contacts in the

 archive (Box 2) 

https://figshare.com/articles/dataset/MacroPopGen_Database_Geo-referenced_population-specific_microsatellite_data_across_the_American_continents/7207514/1
https://figshare.com/articles/dataset/MacroPopGen_Database_Geo-referenced_population-specific_microsatellite_data_across_the_American_continents/7207514/1
https://www.sanger.ac.uk/data/genome-notes-darwin-tree-of-life/
https://www.sanger.ac.uk/data/genome-notes-darwin-tree-of-life/


histocompatibility complex), b) microsatellite genotypes, and c) genomic read data (i.e. 180 
raw high throughput sequences and Single Nucleotide Polymorphisms “SNPs”; Figure 2). 181 
The latter two come in a constellation of software-specific formats36,37 and, due to lack of 182 
standardization, repositories contain most of these formats. While format conversion tools 183 
exist (PGDspider36; Formatomatic38; vcftools39; plink40; adegenet41), conversions are 184 
time-consuming and often need customization. Mastering each file format also requires 185 
specialist knowledge. Consequently, the lack of a standard archived format limits 186 
interoperability and reusability. Due to fundamental differences in data types, file sizes 187 
and formats used, a single genetic data file format is unrealistic. However, a single file 188 
type for each data type is possible and would be a significant advancement. 189 

Unlike other genetic data types, gene sequences are somewhat standardized on 190 
archives as FASTA files, and we recommend maintaining this approach (Figure 2a). 191 
However, many gene sequences lack essential metadata to allow their reuse. It is 192 
important that authors include the minimum metadata needed to interpret their archived 193 
data (briefly summarised in Box 1), otherwise archives are challenging to reuse (e.g. non-194 
georeferenced sequences in GenBank42).  195 

For microsatellite data (Figure 2b), we suggest archiving in the popular and flexible 196 
STRUCTURE format43. STRUCTURE input files can handle genotype data of varying 197 
ploidy and have a simple format that is conducive to editing in R, spreadsheet software 198 
or on the command line, without generating formatting errors. This file format can house 199 
metadata (Box 1), as well as marker information (i.e. presence of recessive alleles, inter-200 
marker distances, phase information). We note that there are also variations within the 201 
STRUCTURE line format, notably the 1 vs 2 lines per individual. Either is suitable for 202 
archiving as both are accepted by conversion tools like PGDSpider36. However, we 203 
recommend use of the single line format to maximize similarity with VCF (“Variant Call 204 
Format”) files. 205 

Genomic data are often mandated to be publicly archived as raw read data on 206 
INSDC servers (“INSDC” International Nucleotide Sequence Database Collaboration)44, 207 
or as aligned BAM files for model organisms45. Raw read data can be highly variable, 208 
ranging from completely unprocessed files containing several individuals, demultiplexed 209 
read files, cleaned files (i.e. with low-quality reads or individuals removed), to error-210 
corrected files (e.g. in ancient DNA)46. In contrast to microsatellite data, the variable 211 
archiving of genomic data means basic error removal, sample delimitation, and genotype 212 
calls are not expected to be present in archived data. We recommend sequencing read 213 
data are archived as demultiplexed read files to ensure that separation from key barcode 214 
metadata will not render the read data unusable (Figure 2c). This also facilitates archiving 215 
of individual sample metadata which has higher reuse potential than study-level 216 
metadata. A bioinformatic pipeline can also be challenging to reproduce because there 217 
are chronic issues surrounding open code archiving that make it hard to identify what 218 
parameters were applied, tool versions used, or even to have access to custom scripts 219 



(further detailed in27,47). Even if a pipeline is accessible, version changes of reference 220 
genomes or software programs quickly make reproducing it impossible. Thus, we 221 
recommend archiving genotype files (detailed below) in addition to demultiplexed 222 
sequencing reads to improve the Open Data compliance and reusability of genomic data. 223 

Processed VCF files containing genotype calls (or genotype 224 
likelihoods/probabilities) are standard for genomic analyses and we recommend archiving 225 
them in parallel with raw read files (notably, this is not possible on INSDC). Although such 226 
processed files are not currently widely archived, the practice is becoming more common. 227 
Standardization of exactly which variant file is archived also needs consideration. 228 
Maximum reusability would be achieved if the archived file represents the least processed 229 
genotype (i.e. unfiltered and pruned only for basic errors like technical faults or 230 
contamination, with file headers retained to indicate the bioinformatic steps applied and 231 
versions used). Notably, archiving VCF files could allow reuse by researchers, managers, 232 
or benefit-holders without High-Performance Computing capabilities (e.g. for 233 
conservation). Furthermore, VCF archiving would reduce the non-negligible energy, 234 
storage and ultimately emissions costs associated with reanalysing raw genomic data48.   235 

Box 1: Archiving metadata for genetic studies 
In genetic studies metadata describing where, when, how and by whom genotype or sequence 
data were created are invaluable for making data FAIR. There are currently two genomic 
metadata standards: the Darwin Core standard for biodiversity data49 and the Minimum 
Information about any(x) Sequence (MIxS) standard50. Both have cross-mapped terms that 
overlap51. The box Figure summarizes term overlap.  
 
Metadata can be viewed in a hierarchical manner based on how they were created starting from 
the sampling events moving down to the genotyping event. While metadata will vary by sample 
type and project goals, at a minimum, we suggest that authors provide the required (solid lines) 
and recommended (dotted lines) categories in the Figure below to improve publicly archived 
genetic data reuse potential. Terms denoted with * could use controlled vocabulary from the 
Environment ontology (“ENVO” 52). To report metadata not covered here, we also recommend 
using Darwin Core or MixS standards terms to guarantee FAIRness. Sensitive data should be 
withheld to ensure it is protected. This can be denoted with the terms “informationWithheld”, 
“dataGeneralizations” or “coordinateUncertaintyInMeters”. Note, metadata fields might not be 
adapted for ancient DNA, for which metadata related to sampling events generally does not 
reflect the age and the environmental conditions of the sampled individual before death. 
Geological context names may be needed.  
 
An often-overlooked key to FAIR metadata lies in the sample identifier (materialSampleID or 
samp_name in Darwin Core and MIxS respectively). These identifiers should be unique within 
the project, and identical between the genetic data and the metadata. To protect genetic data 
being separated from metadata and help spot errors during complex uploads to databases, we 
recommend introducing metadata-enriched unique sample names enriched with core metadata 
like species name, coordinates and/or sampling year (i.e. Capra.ibex_46.97.8.25 or 



Capra.ibex.pilatus.2014). Samples that need to be linked across files or studies must be named 
consistently. We also discourage archiving metadata in separate file repositories from genotype 
or sequencing data. If unavoidable, we recommend that metadata are stored in a simple table 
(CSV or text format) with clearly labelled columns (e.g. using MIxS or Darwin Core terms), and 
consistent sample identifiers. To aid automated retrieval, authors can ensure metadata are 
machine actionable by avoiding the use of symbols, special characters, and/or colour-based 
cell codes. 

 

  236 
Missing metadata renders most archived data useless 237 

Metadata are a crucial aspect of ensuring genetic data adhere to the FAIR 238 
principles 26  because data context vastly increases potential reuses. It was historically 239 
standard to only include taxonomic metadata (species and genus) in genetic data 240 
archives. Recent mandates have expanded to include the country of collection and 241 
collection dates53,54. However, neither is sufficient for comprehensive reuse. The 242 
minimum required and recommended metadata are shown in Box 1, without which 243 
archived data are often functionally useless and could foster incorrect inferences.  244 
   We note that metadata from at-risk species, and species that are commercially 245 
valuable or desirable, may need to be withheld or obscured to protect them55. The most 246 
concerning data for such species is location data – coordinates or specific habitat 247 
descriptions that would allow public access to these specimens or locations. This is 248 
particularly pertinent in genetic studies as individual-level high accuracy coordinates are 249 
often collected. Recommended best practices for generalizing sensitive species 250 
occurrence or geographic metadata involve masking, controlled access, or not reporting 251 
such metadata56,57. These limitations should be accepted because it is essential that 252 
Open Data do not infringe on privacy, benefit sharing, or species protection efforts55. 253 
 254 



Special considerations when working internationally, with sensitive species, or 255 
Indigenous communities 256 

Genetic data and metadata archiving are also key to benefit sharing, including the 257 
rights of local communities and local scientists to access data generated from specimens 258 
within their country or region. Emerging benefit-sharing requirements, such as those put 259 
forth in the Nagoya Protocol and being developed by the CBD (e.g. Digital Sequence 260 
Information ‘DSI’58), are becoming a legal requirement59. This is particularly pertinent to 261 
ecology and evolution where researchers often work transnationally(e.g.60,61) and steps are 262 
needed to overcome parachute science62. Importantly, while the release of genetic data 263 
from sensitive or commercially relevant species could facilitate conservation or 264 
evolutionary understanding, protecting their potential commercial value (e.g. 265 
pharmaceutical or agricultural) should be carefully considered during archiving.   266 

For work involving Indigenous communities, the CARE principles (Collective 267 
benefits, Authority to control, Responsibility, and Ethics63,64) could be considered in 268 
archiving and reuse of genetic data (Figure 2d). What steps researchers should follow will 269 
be situation-specific and developed in conjunction with the benefit holders65. Data-270 
generating authors can include specific benefit-sharing statements in publications and in 271 
data archives to ensure data sovereignty is upheld. The statement should contain 272 
contextual metadata, for instance provenance information, community names, and also 273 
clearly outline community-granted permissions for reuse and circulation. Links to 274 
biocultural notices created by researchers and endorsement labels issued by Indigenous 275 
peoples can also be stored as sample metadata. Authors should also be aware that 276 
respecting data sovereignty can influence the data repository used (e.g. Aotearoa 277 
Genomic Data Repository, which allows for access only once permission is granted66), 278 
data storage location67, and archiving formats (e.g. archiving VCF files is key to limiting 279 
technology barriers which otherwise may inhibit reuse by Indigenous researchers or 280 
communities). When reusing Indigenous owned genetic data, researchers should also 281 
discuss or co-design planned reanalyses with Indigenous communities. Attribution and 282 
citation of the original datasets in resulting manuscripts and dissemination of results to 283 
the communities involved could further help ensure that cultural authority and sovereignty 284 
over reused data remain recognized (e.g.68), and that data are not reused inappropriately. 285 
Overall, best practices involve improving respect and compliance with the rights 286 
Indigenous peoples have for agency over their data.  287 

     288 
Key features of data repositories for FAIR data 289 

Currently, genotype data are often stored in generalist Open Data repositories 290 
(DRYAD, Zenodo, and increasingly FigShare). However, genetic data can quickly get lost 291 
among many other data types archived, where researchers can find everything from non-292 
peer-reviewed ecological survey data (e.g.69) to violent crime statistics (e.g.70). Local rules 293 
and repository fees make it impossible to advocate for a single database for all genotype 294 



data. While there are interoperable search platforms that facilitate simultaneous cross-295 
repository search (e.g. DataONE), their functionality is not guaranteed and database 296 
linking has failed in the past (Chloé Schmidt pers. comm.). Thus, there is a need for a 297 
free71 inter-government supported public database specifically for archiving genotype 298 
data (e.g. microsatellites calls, SNPs, etc). Note that for data involving Indigenous 299 
communities, particularly that with restricted reuse, special repositories may be needed 300 
to prevent automated retrieval and improper reuse66. 301 

 In lieu of a dedicated repository, researchers can take a few key steps to ensure 302 
genotypic data findability. At a minimum, the repositories used must clearly link data to 303 
publications and provide citable DOIs. Key metadata fields (Box 1) should be included in 304 
the database description to aid findability. Marker type (e.g. “microsatellite” or “SNP”) and 305 
key geographical descriptors (e.g. “Kruger National Park”) can also be used as keywords 306 
to aid search functions. Researchers could also link genotypic data to “metadatabases” 307 
that track samples through metadata and can facilitate upload to the SRA (INSDC 308 
BioProjects and BioSamples72; Genomic Observatories MetaDatabase ‘GEOME’73; 309 
Collaborative OPen Omics ‘COPO’74). 310 

Researchers can also request new features within existing databases to facilitate 311 
data accessibility. The Web of Science’s “associated data” link is a notable advance75, as 312 
is the increased mandatory metadata (sample location, collection date) for BioSample 313 
packages and European Nucleotide Archive archives54,76. An additional feature, which 314 
would benefit multiple disciplines, is the implementation of an automatic identifier for data 315 
associated with retracted articles. While datasets from retracted papers should remain 316 
online as important records of technical errors, or even fraud, as of writing fraudulent data 317 
remain on data repositories with no notice of retraction (e.g.77). Similarly, data found to 318 
be erroneous remains on sequence databases (e.g. GenBank78). Collectively, this poses 319 
a huge challenge for studies based on automated data reuse. Archives could flag data 320 
with “concerns raised”, “under evaluation”, “technical errors present”, or “retracted” for 321 
clarity. Researchers could also benefit from an easy and anonymous way to notify 322 
database curators if they encounter incomplete non-FAIR compliant archives to improve 323 
database integrity.  324 
  325 
The role of scientific institutions and journals in improving data archiving 326 

Funding bodies could take on a greater responsibility to ensure cross-discipline 327 
FAIR data archiving (Figure 3). While mandating Open Data has undoubtedly increased 328 
data accessibility (e.g.79,80), funding bodies could also support researchers with data 329 
management plans and confirm implementation (e.g.81), check data accessibility, pay 330 
archiving fees, and offer general data archiving educational resources or training. For 331 
genetic projects, funding bodies can ensure sufficient time is budgeted for archiving 332 
because it can take several days. 333 

https://www.dataone.org/
https://www.dataone.org/


University libraries or research organizations could support Open Data by hiring 334 
data “stewards” or “librarians” familiar with ecological and evolutionary genetic data. Data 335 
stewards can help write data management plans, identify suitable databases for genotype 336 
file archiving, and ensure dataset longevity through best practice compliance82. Few 337 
ecology and evolution researchers receive formal training in Open Data or data archiving. 338 
Thus they could also offer data management education (e.g. short courses and training) 339 
for both students and career scientists (e.g.83).  340 

All scientific institutions could 341 
reward researchers with an 342 
established history of Open Data 343 
through positively valuing Open Data 344 
products or dataset citations on 345 
Curriculum Vitae and in grant 346 
proposals.   347 

 Scientific journals can also 348 
help improve genetic data archiving by 349 
ensuring genotype and read data 350 
accessibility on FAIR Trustworthy 351 
Digital Repositories before final article 352 
acceptance26,47. Data are often made 353 
accessible upon publication with links 354 

activated when papers are in press. However, this makes it impossible for journals to 355 
assess data presence and support archiving. A shift to making data accessible upon 356 
submission to journals is thus needed, particularly at the resubmission stage when papers 357 
are close to acceptance84. Journal data editors could also check data archives to ensure 358 
files are not corrupt, contain the reported number of markers or loci, and contain basic 359 
metadata. Scientists concerned with data being accessed prior to publication should note 360 
that several databases offer non-public shareable links. Alternatively, journals could make 361 
the final acceptance dependent on evidence of FAIR data compliance84. 362 

Journals could also improve genetic data reuse potential by establishing a 363 
mandatory table of standardized metadata terms (see Box 1). However, we note that 364 
versioning issues may arise if metadata are in multiple places (e.g. supplementary 365 
materials, INSDC, Dryad). Journal data editors could help prevent this by ensuring data 366 
from the same sample are linked (i.e. same name) and key differences highlighted (e.g. 367 
resequencing with a new technology). As noted above, journals (or monitoring efforts like 368 
Retraction Watch) can also inform data repositories if papers have been retracted to 369 
advance data reuse. For papers reusing data, journal editors can ensure that datasets 370 
are cited correctly (see85) and that generating authors receive equal accreditation for their 371 
work86. We note that peer reviewers should not be tasked with these jobs, because this 372 
may be out of their realm of expertise and would increase their already high burden. 373 

Figure 3: A brief summary of the roles that would 
improve Open Genetic Data 

 

https://retractionwatch.com/


 374 
Rectifying past mistakes by enriching archived data 375 

An important step many can take to advance Open Data is to improve metadata 376 
for existing archives (e.g. GEOME datathons to enrich genetic metadata archives32). 377 
Publicly accessible metadata are often housed in non-standardized file formats, archived 378 
with non-standard terms, or present only in published manuscripts and supplementary 379 
files, consequently these can take a significant amount of time to convert for reuse32. 380 
Retrospective georeferencing is often needed in such situations (e.g.32, 53,87), but this often 381 
relies on inference (e.g. coordinates derived from place names) leaving significant room 382 
for error or lost resolution. We therefore encourage authors to enrich metadata in their 383 
old data archives. We would also encourage public archiving of currently inaccessible 384 
genetic datasets, and expansion of what was archived (e.g. archive all mtDNA haplotypes 385 
rather than only unique haplotypes). Although older datasets may be regarded as being 386 
of low value to some authors, when combined with other datasets they can be highly 387 
informative and can even provide baselines for important biodiversity protection 388 
assessments (e.g.11,88). 389 

Data enrichment initiatives could be run at the Department (similar to MoveBank89), 390 
University library, or country level (e.g. GenDiB and CIEE Living Data). Such retroactive 391 
data archives could even be collaboratively published as a “resource” paper (similar to 392 
those in Figure 1). These datasets could then support mandated CBD reporting on 393 
genetic indicators16, inform local conservation (e.g.90), and identify interesting scientific 394 
opportunities (e.g. resampling populations after extreme events35). 395 
 396 

Box 2: Five take-home messages to improve genetic data archives 
1) Archive genetic data in standardized file formats to facilitate reuse (i.e. sequences or 

barcodes in FASTA; microsatellites in STRUCTURE; SNPs or genomic genotypes in 
VCF; Genotype likelihoods in VCF; raw genomic data as demultiplexed FASTQ files). 

2)   Although no centralized database for genotype data exists, these data have great value 
and should be retroactively archived on FAIR compliant databases to facilitate data 
rescue. 

3)   Publicly archive key metadata with the genetic or genomic data, and use enriched 
sample names (including a study identifier, species name, coordinates, and sampling 
year).  

4) To help more colleagues follow the FAIR principles, request both formalized data 
management support and a higher value of Open Data from research institutions, 
journals, and funding bodies. 

5) For work involving Indigenous communities, carefully archive data affected by the 
CARE principles so data sovereignty is maintained.  

  397 
We close on the note that genetic diversity is the most fundamental component of 398 

biodiversity16. Despite underlying all levels of biodiversity, the biogeographic patterns in 399 

https://gendib.wsl.ch/en/index.html
https://gendib.wsl.ch/en/index.html
https://www.ciee-icee.ca/ldp.html
https://www.ciee-icee.ca/ldp.html


intra-specific genetic diversity are largely understudied and poorly protected34,88. 400 
Improved archiving (summarised in Box 2) would expand genetic research scales far 401 
beyond what any single study or research group could achieve due to logistic, cost, or 402 
expertise issues. With data spanning such vast spatial and taxonomic scales, open 403 
genetic data will be pivotal to new previously unimaginable areas of research and 404 
conservation. Similar to data collected as part of long-term ecological monitoring 405 
programs, publicly archived genetic data are likely to only become more valuable and 406 
versatile when used in aggregation. This potential is pertinent and timely, due to the 407 
recently signed CBD Framework which includes commitments by 192 countries to 408 
conserve and restore genetic diversity within and among species’ populations, and to 409 
monitor and report on progress towards that commitment within the next decades91. 410 
Better archiving practices will be central to meeting these targets. 411 
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