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Abstract 1 
 2 
Genetic diversity within species represents a fundamental yet underappreciated level of 3 
biodiversity. Because genetic diversity can indicate species and population resilience to changing 4 
climate, its measurement is relevant to many national and global conservation policy targets. 5 
Many studies of evolutionary biology, molecular ecology and conservation genetics produce 6 
large amounts of genome-scale genetic diversity data for wild populations. While open data 7 
policies have ensured an abundance of freely available genomic data stored in the databases of 8 
the International Nucleotide Sequence Database Collaboration (INSDC), only about 13% of 9 
current accessions have the associated spatial and temporal metadata in INSDC necessary to be 10 
reused in monitoring programs, macrogenetic studies, or for acknowledging the sovereignty of 11 
nations or Indigenous Peoples. We undertook a “distributed datathon” to quantify the availability 12 
of these missing metadata in sources external to the INSDC and to test the hypothesis that these 13 
metadata decay with time. We also worked to remediate these missing metadata by extracting 14 
them, when present, from associated published papers, online repositories, and/or from direct 15 
communication with authors. Starting with 848 programmatically identified candidate datasets 16 
(INSDC BioProjects), we manually determined that 561 contained samples from wild 17 
populations. We successfully restored spatiotemporal metadata (locality name and/or geospatial 18 
coordinates and collection year) for 78% of these 561 datasets (N = 440 BioProjects comprising 19 
45,105 individuals or BioSamples from 762 species in 17 phyla). We also quantified the 20 
availability of 33 additional categories of metadata in sources external to the INSDC. 21 
Information about associated publications and the type of habitat from which the samples were 22 
taken was the most easily found; information about sampling permits was the most challenging 23 
to locate. Looking at papers and online repositories was much more fruitful than contacting 24 
authors, who only replied to our email requests 45% of the time. Overall, 23% of our email 25 
queries to authors discovered useful metadata. Importantly, we found that the probability of 26 
retrieving spatiotemporal metadata declines significantly with the age of the dataset, with a 27 
13.5% yearly decrease for metadata located in published papers or online repositories and up to a 28 
22% yearly decrease for metadata that were only available from authors. This observable 29 
metadata decay, mirrored in studies of other types of biological data, should motivate swift 30 
updates to data sharing policies and researcher practices to ensure that the valuable context 31 
provided by metadata is not lost forever.   32 
 33 
 34 
  35 
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 36 
Introduction 37 

 38 
Genetic diversity is the foundational layer of biodiversity. Just as ecosystem health and 39 

resilience depends on the diversity of its component species, the health and resilience of each 40 
species depends on its genomic diversity (Clark, 2010; Reusch, Ehlers, Hämmerli, & Worm, 41 
2005). Without genetic diversity in the form of standing allelic variation, populations and species 42 
cannot adapt to a rapidly changing climate and other anthropogenically-induced stresses 43 
(Blanchet et al., 2020; Raffard, Santoul, Cucherousset, & Blanchet, 2019). Local or global 44 
extinctions of species in turn threaten the ecosystems upon which the quality of human lives 45 
depend (Brauman et al., 2020; Des Roches, Pendleton, Shapiro, & Palkovacs, 2021). 46 
Concerningly, genetic diversity, like all levels of biodiversity, is declining rapidly during the 47 
Anthropocene across the tree of life (Exposito-Alonso et al., 2022; Leigh, Hendry, Vázquez‐48 
Domínguez, & Friesen, 2019; Miraldo et al., 2016; Pinsky & Palumbi, 2014). 49 

 50 
Recognizing the vital importance of biodiversity to human well-being and the future of our 51 

planet, several international agreements strongly encourage the monitoring and conservation of 52 
genetic diversity in both wild and domesticated species. Foremost among these are the United 53 
Nations Sustainable Development Goal 2.5 and the international Convention on Biological 54 
Diversity (CBD) treaty, which explicitly acknowledge the importance of monitoring and 55 
conserving any component of biological diversity (including genetic diversity) that may have 56 
“actual or potential use or value for humanity.” Moreover, the CBD’s article 15 and attendant 57 
Nagoya Protocol codify procedures to ensure the sharing of benefits arising from genetic 58 
resources (such as digital sequence information; DSI) discovered or accessed within a nation’s 59 
sovereign borders. The subsequent Strategic Plan for Biodiversity 2011-2020 laid out the 20 60 
Aichi Biodiversity Targets, including target 13, which aims to maintain the “genetic diversity of 61 
cultivated plants and farmed and domesticated animals and of wild relatives, including other 62 
socio-economically as well as culturally valuable species.” Now, even as we are facing shortfalls 63 
on all 20 of the Aichi Biodiversity Targets (CBD, 2020; Hoban et al., 2021), there have been 64 
calls to broaden genetic diversity targets to include all extant species in the New Post-2020 65 
Global Biodiversity Framework, in what has been described as a “moonshot for biology” (Hoban 66 
et al., 2020; Laikre et al., 2020; Lewin et al., 2018). 67 

 68 
Over the last decade, advances in DNA sequencing technology have enabled the generation 69 

of genome-scale datasets of ever larger numbers of individuals, drawn from a growing variety of 70 
species (Allendorf, 2017; Hendricks et al., 2018). Researchers are now able to genotype 71 
thousands of genomic loci or sequence whole genomes from non-model species for which they 72 
have no prior genetic resources (Lou, Jacobs, Wilder, & Therkildsen, 2021; Willette et al., 2014). 73 
The shift from genetic to genomic-scale datasets is catalyzing novel conservation insights 74 
including: the detection of inbreeding depression (e.g. Kardos, Taylor, Ellegren, Luikart, & 75 
Allendorf, 2016), the discovery of subtle, previously undetectable population structure (e.g. 76 
Cheng, Gold, Rodriguez, & Barber, 2021; Gaither et al., 2018), reconstruction of demographic 77 
histories (Prada et al., 2016), the precise identification of distant pedigree relationships  (e.g. 78 
Baetscher et al., 2019), uncovering cryptic species  (e.g. Quattrini et al., 2019), clues about the 79 
genomic basis of local adaptation (e.g. Wilder, Palumbi, Conover, & Therkildsen, 2020) and 80 
important traits such as nutritional components (e.g. Kumar et al., 2021). Accordingly, the DSI 81 
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derived in these studies is highly valued as a resource equivalent to biobanks, providing essential 82 
information for conservation (Hoban et al., 2022) as well as ensuring future food security 83 
(Castañeda-Álvarez et al., 2016; Halewood et al., 2018). 84 

 85 
Genomic datasets record the genetic diversity of a species at a particular time and 86 

location, providing a benchmark for how populations are responding to human drivers of 87 
changing environmental conditions, cultivation, and land and sea use, as well as measuring 88 
indicators of progress toward conservation targets and goals (Hoban et al., 2022, 2020) and the 89 
genetic resources available for future cultivation or domestication (Halewood et al., 2018). 90 
However, genomic datasets can only be useful for monitoring global genetic biodiversity and the 91 
sustainable human use of genetic diversity (including benefit-sharing, Cowell et al., 2022)  when 92 
archived publicly with accompanying metadata about the spatiotemporal, environmental and 93 
methodological context of the sequenced sample (Riginos et al., 2020; Scholz et al., 2022; 94 
Schriml et al., 2020).  95 

 96 
The genetics community has long championed open data publication with the 97 

foundational databases of the International Nucleotide Sequence Database Collaboration 98 
(INSDC; Cochrane, Karsch-Mizrachi, Takagi, & INSDC, 2016) forming in the early 1980’s. In 99 
2009, the INSDC launched the Sequence Read Archive as a repository dedicated to second-100 
generation sequence data. It has since grown exponentially to include over 600 terabytes of 101 
freely-available DNA sequence data from over 16,700 wild and domesticated eukaryotic species 102 
as of 2021 (Toczydlowski et al., 2021). Around the same time, the MIxS metadata standards 103 
(Field et al., 2008; Yilmaz et al., 2011) were defined to inform the minimum information about 104 
what (detailed taxonomy), where (GPS coordinates and habitat), when (collection date), how 105 
(sampling and sequencing protocols) and by whom a genetic sample was collected. Enabled by 106 
the INSDC infrastructure and encouraged by the Joint Data Archiving Policy (JDAP; 107 
http://datadryad.org/pages/jdap) implemented by top journals in 2011, the proportion of papers 108 
providing open access to their genetic data increased dramatically (Pope, Liggins, Keyse, 109 
Carvalho, & Riginos, 2015). However, the inclusion of accompanying metadata crucial for the 110 
reuse of these data for genetic diversity monitoring, macrogenetic studies, or identifying their 111 
provenance within national boundaries or the lands and waters of Indigenous Peoples, has lagged 112 
behind (Pope et al., 2015; Toczydlowski et al., 2021). As of 2021, out of over 300,000 SRA 113 
BioSamples that are potentially relevant to global genetic biodiversity, only ~13% had metadata 114 
indicating both the time and precise location from which they were sampled (Toczydlowski et 115 
al., 2021). 116 

 117 
In a timely and welcome update to their policy, INSDC now intends to extend their minimum 118 

metadata requirements to include collection date and country of origin 119 
(https://www.insdc.org/spatio-temporal-annotation-policy-18-11-2021). Although ‘country’ is 120 
legislatively aligned with the Nagoya Protocol, it is not spatially aligned with the lands and 121 
waters of Indigenous Peoples (e.g. https://native-land.ca/) and does not provide adequate spatial 122 
resolution for conservation monitoring. Moreover, this policy and infrastructure change will take 123 
time to implement (anticipated to be end of 2022), meaning that much of the genomic data 124 
collated over the last ~12 years for past and present populations, of immeasurable value to 125 
understanding and monitoring the biodiversity crisis, are not Findable, Accessible, Interoperable 126 
or Reusable (FAIR; Wilkinson et al., 2016). This absence of appropriate spatio-temporal 127 
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metadata represents the effective loss of tens to hundreds of millions of dollars of research effort 128 
for most future purposes (Schriml et al., 2020; Toczydlowski et al., 2021), rendering associated 129 
genetic data invisible to government ministries and non-governmental organizations tasked with 130 
protecting the world’s natural environment (Laikre, 2010; Laikre et al., 2020).  Moreover, 131 
without spatiotemporal provenance of genomic data enabling connection to the lands and waters 132 
of Indigenous Peoples, these peoples will potentially lose out on benefits (e.g. capacity 133 
development, food security, biomedical advances) arising from genomic information originating 134 
within their territories (Liggins, Hudson, & Anderson, 2021; Marden et al., 2021; McCartney et 135 
al., 2022; Scholz et al., 2022). There is urgency in addressing this metadata gap: previous studies 136 
of morphological (Vines et al., 2014) and genetic (Pope et al., 2015) data suggest that the 137 
probability of existing metadata ever being linked to the genomic data significantly decreases 138 
over time. 139 

 140 
In the summer of 2020, we convened a distributed remote datathon to (1) assess the 141 

availability of metadata outside of the INSDC, (2) recover and curate metadata missing in 142 
INSDC from external sources (i.e. published research papers, other online repositories, or the 143 
authors themselves), and (3) extend our initial report on the metadata gap (Toczydlowski et al., 144 
2021) to investigate how the recoverability of these metadata is affected by dataset age and to 145 
document shortfalls and costs of our remedial efforts. In our datathon, 14 graduate students from 146 
the USA and 12 professional academics (authors on this paper) across 3 countries worked 147 
together via Zoom, Slack and Google Sheets as “metadata curators” to establish and execute 148 
curation protocols and infill missing metadata. Collectively, we searched for metadata external to 149 
the INSDC (e.g. associated scientific publications, Dryad, museum collections) for 848 genomic 150 
datasets (INSDC BioProjects) representing 94,416 individual samples (BioSamples). The 151 
BioSamples and associated genetic sequence data in these projects were selected as they were 152 
missing at least latitude and longitude metadata in the INSDC. Our findings underscore the 153 
importance of appropriate and immediate metadata archival going forward. We provide guidance 154 
based on our collective experience gained over the datathon on practices to retain crucial 155 
metadata. 156 
 157 
Methods 158 
 159 
Identifying BioProjects for metadata curation 160 

 161 
 Our datathon followed a workflow illustrated in Figure 1. We first searched the INSDC to 162 
identify datasets that were potentially relevant to monitoring genetic diversity of wild 163 
populations (including wild relatives of domesticated species) but were lacking critical metadata 164 
about the latitude and longitude of the sampling location (as described in Toczydlowski et al., 165 
2021). On November 7, 2019, we searched the INSDC BioProject database using the rentrez R 166 
package (Winter, 2017) and custom R scripts to locate datasets that contained genomic-level 167 
DNA sequence data from eukaryotic species, excluding human and metagenomic datasets. We 168 
then downloaded all metadata associated with these BioProjects from the INSDC PubMed, 169 
Taxonomy, BioSample and SRA databases. We further filtered the BioProjects to remove 170 
BioSamples (sequenced individuals) from species whose population dynamics and evolution are 171 
largely governed by humans: pathogens and their vectors, model organisms, and domesticated 172 
species. We used custom lists for each category of non-wild organisms (Supplementary 173 
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Materials S1). These filters helped to target our efforts at recovering metadata for the datasets 174 
most likely to be of relevance to genetic diversity monitoring of wild populations. Additional 175 
details about the search and filtering steps can be found in Supplemental Materials of 176 
Toczydlowski et al. 2021. These filtering steps yielded 848 BioProjects that entered our datathon 177 
curation pipeline. These BioProjects contained at least 5 individuals that lacked geospatial 178 
coordinates in the INSDC and were potentially sampled from wild populations. 179 
 180 

We built a blank template to enter metadata into that we located external to the INSDC using 181 
the Genomic Observatories Metadatabase (GEOME; Deck et al., 2017; Riginos et al., 2020)  182 
This template included terms that described collection date and location, habitat etc. Table 1 183 
gives definitions of 16 required and recommended metadata terms, while Supplemental Materials 184 
S2 provides an example template with all 36 metadata terms and their definitions and controlled 185 
vocabularies. We then programmatically filled this template for each of the 848 BioProjects in 186 
our pipeline with the metadata already present in the INSDC using custom R scripts.  187 
 188 
Recovering and curating metadata external to the INSDC 189 
 190 

Metadata curators were each randomly assigned a set of BioProjects. Curators followed a 191 
standard protocol (Figure 1; Supplemental Materials S3) to locate and enter associated metadata 192 
for samples in each BioProject that were missing in the INSDC but reported in external sources 193 
(e.g. associated published scientific papers). Briefly, we first searched for associated publications 194 
by googling the BioProject PRJ accession number and/or key words associated with the 195 
BioProject (e.g. author, affiliation, funding information, species, and locality names). While the 196 
INSDC includes terms to capture associated publications, these were only populated for 7% of 197 
the 848 BioProjects that we examined. We then skimmed each paper to determine if the 198 
BioProject contained sequence data from wild individuals. BioProjects comprising over 50% 199 
BioSamples from non-wild individuals (brood stock, laboratory stock, domesticated species, and 200 
some seed banks) were marked as “not relevant” and removed from further curation. Non-wild 201 
BioSamples that were a minority in their BioProject were designated as such under the 202 
establishmentMeans metadata term, and further metadata recovery was not prioritized for these 203 
samples. BioProjects that pooled their genetic samples without barcodes (precluding estimates of 204 
genetic diversity at the level of individual) were also marked as “not relevant” and removed from 205 
the curation pipeline. Once relevance to our efforts was determined, curators looked in figures, 206 
tables, and supplemental information of associated publications and/or linked online repositories 207 
(e.g. Data Dryad, Github, Zenodo, and databases of biocollections such as museums and 208 
herbaria) for sample-level metadata from 36 metadata terms (most defined as Darwin Core 209 
terms; Wieczorek et al., 2012). When necessary, curators converted metadata to standard formats 210 
(e.g. degree minutes seconds data were converted to decimal degrees), and then added metadata 211 
into the pre-generated GEOME template for that BioProject. After performing quality control, 212 
these metadata could then be easily uploaded to GEOME and potentially cross-walked into the 213 
appropriate INSDC databases. 214 
 215 

After adding all metadata that could be gleaned from the associated paper(s) into the 216 
GEOME templates, curators made a structured comment on a master spreadsheet (Supplemental 217 
Materials S4) indicating whether metadata for each of the required and recommended terms were  218 
absent for all BioSamples (“none”), present for less than 50% of BioSamples (“some”), present 219 
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 6 

for greater than 50% of BioSamples (“most”), or iv) present for all BioSamples (“all”). If the 220 
paper was missing information from one of six or seven “required” terms (georeference-able 221 
locality OR [decimalLatitude AND decimalLongitude], coordinateUncertaintyInMeters, 222 
georeferenceProtocol, habitat, environmentalMedium, yearCollected), the curator flagged the 223 
BioProject to initiate author contact. An additional nine metadata terms were considered 224 
“recommended”: missing metadata in these fields alone did not trigger an author contact but 225 

 

Figure 1. Datathon workflow. The number of BioProjects and BioSamples remaining after each step 
are given below the step. 
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 7 

curators and authors were asked to populate these fields as completely as possible. These 226 
recommended terms included country, establishmentMeans, permitInformation, 227 
associatedReferences, preservative, and 4 termss that tracked genetic data derived from the raw 228 
reads such as SNP genotypes or sequence alignments. Progress and notes at each curation step 229 
were tracked as meta-metadata on the master spreadsheet. 230 
 231 

After a quality-control step to ensure that author names and email addresses found in papers 232 
were input correctly, corresponding authors of the paper were contacted by email (see 233 
Supplemental Material S5 for email text) using the Yet Another Mail Merge add-on for Google 234 
Sheets (yamm.com). Using YAMM allowed us to track email receipts and responses. If an email 235 
was undeliverable, we used our best efforts to locate an alternate email. We were able to 236 
successfully deliver email queries for all 351 of 492 relevant BioProjects that met the criteria for 237 
author contact. About two weeks after sending the initial email, curators sent reminder emails to 238 
unresponsive authors at least once and at most twice. This process emulated the efforts of a 239 
reasonably persistent researcher to obtain metadata important to their research. 240 
   241 

Once curators had gathered and entered all available metadata into the GEOME template for 242 
a BioProject (from online sources external to the INSDC and/or directly from authors), curators 243 
validated the metadata at the GEOME website (geome-db.org). This programmatic GEOME 244 
validation ensured that metadata in each field were correctly formatted and within controlled 245 
vocabularies, e.g. for country and habitat (see lists tab of Supplemental Materials S3 for all 246 
controlled vocabularies). Following validation, MRG, BEW, AP and EDC performed a final 247 
quality-control check (QC; steps described in Supplemental Material S1). Filled and QCed 248 
GEOME templates for each BioProject will be uploaded to the GEOME database.  249 

 250 
Investigating metadata decay 251 

 252 
We investigated the effect of BioProject age on the probability that we were able to recover 253 

metadata information for 11 metadata categories. Previous investigations of metadata have 254 
indicated rapid decay when data are not publicly archived (Roche et al., 2014; Vines et al., 2014, 255 
2013). We used Bayesian logistic regression to fit four distinct models to investigate the 256 
relationships between BioProject age (number of days between publication in the INSDC and 257 
November 7, 2019) and: A) the probability that metadata could be retrieved from INSDC, 258 
associated published papers, and/or repositories, B) the probability that we received an author 259 
response for the 351 BioProjects that triggered an author contact via email, C) the probability 260 
that authors provided any metadata, given that they responded and D) the probability that authors 261 
provided metadata for a majority of samples, given that they responded.  262 

 263 
Information about the collection date and location of a sample are the most critical pieces of 264 

metadata required to identify the Indigenous provenance of genomic data and make genomic 265 
sequence data repurposable for monitoring and fundamental data synthesis research, so we 266 
focused our investigations on these two categories; we refer to the aggregate as spatiotemporal 267 
metadata. We defined a BioProject as having spatiotemporal data if collection dates, and 268 
latitudes and longitudes and/or locality were present for at least 50% of the BioSamples that it 269 
contained. In model C, we counted a gain in collection year, or place name, or latitude/longitude 270 
for any number of BioSamples as recovery of metadata. In model D, we only counted increases 271 
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in metadata where BioProjects had incomplete spatiotemporal metadata for > 50% of its 272 
BioSamples and then had spatiotemporal metadata present for > 50% of BioSamples after 273 
contacting authors. That is, model C assessed the probability of recovering any metadata external 274 
to the INSDC, and model D assessed the probability of recovering metadata for the majority of 275 
samples. In a supplemental analysis, we investigated how metadata within individual 276 
spatiotemporal terms and other important metadata terms (i.e. required and recommended terms, 277 
Table 1) decayed, including: decimalLongitude and decimalLatitude, collectionYear, country, 278 
locality, habitat, environmentalMedium, materialSampleID, permitInformation, 279 
associatedReferences (publication DOI), preservative, and derived genetic data terms 280 
(Supplemental Materials S6). 281 
 282 

 We conducted all statistical analyses at the level of BioProject (as opposed to BioSamples or 283 
genomic sequences), because presence/absence of metadata for BioSamples within a given 284 
BioProject was highly correlated (Toczydlowski et al., 2021). Curators also tracked metadata 285 
recovery efforts at the level of BioProject for convenience, and we contacted authors about entire 286 
BioProjects rather than individual BioSamples. In each set of models, we removed BioProjects 287 
that already had complete metadata in the category of interest, and therefore could not gain any 288 
more.  289 

 290 
We analyzed the effect of BioProject age on our response variables (model A: successful 291 

metadata retrieval; model B: author response; model C: author provided any metadata 292 
conditional on a response to our query; model D: author provided metadata for the majority of 293 
samples conditional on a response to our query) using generalized linear models. In each 294 
analysis, we modeled our response variable as a Bernoulli-distributed variable with a probability 295 
of success that was a linear function of our predictor variable: BioProject age. In each analysis, 296 
the parameters of our model were a global mean probability of success and an effect size of 297 
BioProject age on probability of success for that response variable. Analyses used the canonical 298 
inverse-logit inverse link function. In mathematical notation, our model was: 299 
 300 

 301 
Where Yi is the ith outcome (response variable), pi is the probability of successfully observing that 302 
outcome, μ is the global mean probability of success, and β is the effect of BioProject age on the 303 
transformed probability of success for that outcome (θi). We had no strong prior beliefs about the 304 
effect of BioProject age on success in each of the four analyses we ran; to reflect these beliefs, 305 
the priors we placed on our parameters were: β ~ N(0,10); μ ~ N(0,10).  All statistical analyses 306 
were performed using Rstan version 2.21.2 [50] running 4 independent chains for 2,000 307 
iterations, thinning to sample only every 4th iteration to reduce autocorrelation, and discarding 308 
the first 1,000 iterations as burn-in. To assess the significance of the effect of BioProject age on 309 
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success of each outcome, we determined whether the 95% equal-tailed credible interval of the 310 
marginal distribution on β contained 0; if it did, the effect of BioProject age was deemed not 311 
significant. 312 
 313 
Results 314 

 315 
We identified 848 INSDC BioProjects, representing 94,416 BioSamples from individual 316 

eukaryotic organisms that lacked geospatial coordinates and had at least five putatively wild 317 
individuals as determined by our filters. Curators were able to locate associated published 318 
scientific papers for 741 of these 848 BioProjects. Reading these papers revealed 561 319 
BioProjects with a majority of relevant, truly wild individuals, comprising 63,684 individuals 320 
from 873 species. After scouring associated published papers for metadata and contacting 321 
authors, a total of 440 BioProjects with 45,105 BioSamples from 762 species in 17 eukaryotic 322 
phyla (Figure 2A) had geospatial data (either coordinates or a locality name) and were passed 323 
through quality control for eventual upload to GEOME. BioSamples that passed through the 324 
datathon came from all continents and all major oceans (Figure 2B-D). 325 
 326 

For the subset of BioProjects that we focused on (those that were missing latitude and 327 
longitude), datathon curators were able to recover metadata for a majority of BioSamples in a 328 
BioProject as follows (depicted in Figure 3). For geospatial coordinates, nearly 60% could be 329 

 

Figure 2. The taxonomic and geographic scope of the datathon. A) A cladogram of 719 of the 
762 species from BioProjects that passed through the final quality control step. This is a subtree 
of the Open Tree of Life (Hinchcliff et al. 2015) generated with the rotl package for R 
(Michonneau et al. 2016) and visualized with iTOL software (itol.embl.de; Letunic and Bork 
2021). B) Heatmap of species for BioSamples for which spatial coordinates were recovered by 
the datathon. C) Map showing the geographic distribution of broad taxonomic categories of 
these BioSamples. D) Heatmap of these BioSamples. 
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found in an associated publication or online repository. While nearly 30% of these BioProjects 330 
did already contain information about collection year in the INSDC, curators were only able to 331 
recover an additional 21% from papers or online repositories. Datathon curators recovered 332 
metadata regarding habitat, environmental medium (the media displaced by the sampled 333 
organism) and publication DOI for over 80% of BioProjects from published papers and their 334 
supplemental information. Additional large gains in BioProjects were made from online sources 335 
external to the INSDC for locality (48.8%), and country name (39.8%). Notably, permit 336 
information was the least available of any of the metadata categories that we explored. There is 337 
no permit metadata term in the INSDC and curators found permit information in papers for only 338 
21% of BioProjects. 339 

 340 
Contacting authors yielded comparatively less metadata than our search of papers and 341 

supplemental information, although it should be noted that this step was secondary to looking in 342 
papers and online. Out of 351 author contact attempts, we received 158 responses (45% response 343 
rate). Of the 158 responses, 80 (51%) provided at least some missing metadata, yielding an 344 
overall “useful author response rate” of 23%. Through contacting authors, we were able to 345 
recover collection year metadata for an additional 9% of BioProjects, and geospatial coordinates 346 
for an additional 8.5% percent of BioProjects. Gains in other metadata categories were all less 347 
than 5%, with permit information showing only a 1.2% increase from authors. 348 

 349 
 350 

 351 

 

Figure 3. Stacked bars showing the percent of BioProjects for which metadata were 
found from each of three sources, across 10 priority metadata categories. 
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The age (time since deposition into the INSDC) of the BioProject had a strong effect on 352 
whether metadata could be recovered. After searching for metadata within the INSDC and within 353 
published papers, we found that spatiotemporal metadata (defined as year AND geospatial 354 
coordinates OR locality), had a mean odds ratio of 0.865 (95% highest posterior density credible 355 
interval [HPD CI]:  0.775 - 0.964; Figure 4A). This indicates that for every year after a 356 
BioProject is published to the SRA, there is about a 13.5% decrease (HPD CI: 3.6% - 22.5%) in 357 
the probability that its metadata can be found in the SRA, in papers or elsewhere online. On the 358 
other hand, there was a strong positive effect of BioProject age on whether an attempt to contact 359 
the authors was answered, with a 25.5% increase in the probability of a reply of any kind for 360 
every year after SRA publication (mean odds ratio of 1.255; 95% HPD CI: 1.120 - 1.412; Figure 361 
4B). In other words, we were more likely to get an email response for older datasets. However, 362 
given a response, the probability that authors furnished any amount of metadata for year OR 363 
coordinates OR locality decreased with BioProject age by 21% per year (odds ratio 0.810; 95% 364 
HPD CI: 0.680 - 0.949; Figure 4C). Similarly, the probability that the authors provided metadata 365 
for year AND coordinates OR locality for a majority of BioSamples decreased by 22% per year 366 
(odds ratio: 0.819; 95% HPD CI: 0.671 - 0.994; Figure 4D).  367 
 368 

Figures for Bayesian logistic regressions of BioProject age on other metadata categories can 369 
be found in Supplemental Materials S6 (figures) and S7 (tables of β values). In accordance with 370 
the results for spatiotemporal metadata, supplementary analyses indicated that metadata for 371 
collection year (posterior mean slope = -0.133, 95% Credible Interval: -0.233 - -0.034; Table S1, 372 
Figure S6-11A) and preservative used (posterior mean slope = -0.111, 95% HPD: -0.218 - -373 
0.009; Figure S6-9A) were significantly less likely to be recovered from INSDC, publications, 374 
and/or online repositories with increasing age of a BioProject. Furthermore, and as with 375 
spatiotemporal metadata, the probability that responding authors provided additional metadata 376 

 

Figure 4. The effect of BioProject age on the probability of recovering spatiotemporal metadata. 
Density plots depict posterior distribution for log(Odds Ratio), with black lines showing 95% highest 
posterior density (HPD). (A) Probability that metadata were found in the INSDC or in the INSDC or 
associated papers and repositories. (B) Probability of receiving a reply from BioProject authors to our 
contact email. (C) Probability of receiving any amount of additional metadata for year OR coordinates 
OR locality. (D) Probability of receiving metadata for year AND coordinates OR locality for a 
majority of BioSamples. 95% HPD intervals exclude 0 in all panels. 
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for georeferences (decimalLatitude and decimalLongitude; posterior mean slope = -0.151, 95% 377 
Credible Interval: -0.386 – -0.05; Figure S6-2C), collection year (posterior mean slope = -0.174, 378 
95% Credible Interval: -0.363 – 0.000; Figure S6-11C), and preservative used (posterior mean 379 
slope = -0.438, 95% Credible Interval: -0.873 – -0.081; Figure S6-9C) was significantly greater 380 
for younger BioProjects. The provisioning of permit information followed this same trend 381 
(although marginally insignificant, posterior mean slope = -0.555, 95% Credible Interval: -1.31 - 382 
0.003; Figure S6-5C), suggesting these metadata are relatively available within the personal data 383 
management system of authors. 384 

 385 
Concerningly and counter to our result for spatiotemporal metadata, supplementary analyses 386 

indicated that metadata for habitat (Table S1, posterior mean slope = 0.141, 95% Credible 387 
Interval: 0.006 - 0.285; Figure S6-6C) and environmental medium (posterior mean slope = 0.176, 388 
95% Credible Interval: 0.016 - 0.355; Figure S6-5C) were less frequently recovered from 389 
INSDC, publications and/or repositories for younger BioProjects. The reasons for these results 390 
are unclear, but may indicate a decline in author attention and appreciation of organismal natural 391 
history. Retrieval of these metadata through author contact had no relationship with BioProject 392 
age. 393 
 394 
Discussion 395 

 396 
With this distributed datathon, we have demonstrated that crucial metadata can be restored 397 

for many genomic investigations of wild organisms. However, our analyses show that metadata 398 
are more difficult to recover the longer we wait, and many are locked in non-standard formats. 399 
Because the great majority of publicly available genomic datasets lack important metadata 400 
(Toczydlowski et al., 2021), they are not findable, accessible, interoperable nor reusable (FAIR; 401 
Wilkinson et al., 2016). Only genomic data that are FAIR will allow systematic monitoring of 402 
the fundamental layer of biodiversity (Hoban et al., 2021), and enable assertions regarding 403 
provenance for informing CBD Nagoya Protocol obligations. Our results illustrate that: (1) 404 
metadata availability is dependent on type: location, publication and habitat metadata are much 405 
more available or inferable than metadata about permits and preservatives; (2) with considerable 406 
time and paid effort, it is possible to recover some of these important metadata from the non-407 
standardized and non-machine-readable formats in which they are currently being stored; and (3) 408 
while metadata archival practices may be improving incrementally, genomic metadata are 409 
subject to the same decay processes demonstrated for other types of scientific data (Pope et al., 410 
2015; Vines et al., 2014). 411 

 412 
There are likely multiple factors underlying the observed metadata decay. First, it is not 413 

surprising that older metadata are less likely to have been archived. Metadata archival practices 414 
are gradually improving, with more metadata being recorded into the INSDC, research papers, 415 
and online repositories such as Data Dryad (Figure 4A). This is consistent with increasing 416 
acknowledgement that these metadata are relevant and important to future research. However, 417 
the rate of metadata archival is apparently not keeping up with the rapid growth of genomic 418 
datasets (see Figure 1 of Toczydlowski et al., 2021) and it is certainly not closing the gap. 419 
Second, we found that authors of recent SRA datasets were significantly less likely to reply to 420 
our queries than those of older datasets (Figure 4B), although the overall response rate of 45% 421 
was comparable to previous studies (Vines et al., 2014, 2013). This result may indicate that 422 

.CC-BY 4.0 International licenseavailable under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprintthis version posted October 25, 2022. ; https://doi.org/10.1101/2022.09.12.507034doi: bioRxiv preprint 

https://doi.org/10.1101/2022.09.12.507034
http://creativecommons.org/licenses/by/4.0/


 13 

recent SRA depositions are part of ongoing research projects for which authors are unwilling to 423 
share metadata for fear of getting “scooped” by others working on similar research questions. It 424 
is also true that younger authors are more likely to leave science than older authors (Reithmeier 425 
et al., 2019) and thus may no longer support their publications. Similarly, there may be a cohort 426 
effect in which authors of older studies are more established in their careers and have more time, 427 
and/or are more aware of increasing expectations around FAIR data, and thus more willing to 428 
communicate and share. Finally, of the authors that did reply, there was a significant decrease 429 
with the age of the BioProject in whether partial or complete spatiotemporal metadata were 430 
provided (Figure 4C,D), suggesting that if metadata are not properly archived to public 431 
repositories, they are subject to being lost over time, as previously highlighted for morphological 432 
data (Vines et al., 2014).  433 

 434 
Taken together, our results support assertions that the current research system overly weights 435 

publications and citations, while underweighting scientific openness and transparency (S. W. 436 
Davies et al., 2021; McNutt et al., 2016; Nosek et al., 2015). Changing the system will likely 437 
require a combination of carrots and sticks (Whitlock, 2011). Carrots can take the form of citable 438 
data publications (Dimitrova et al., 2021), recognition of open data practices by hiring, 439 
promotion and tenure committees, or commendations from professional societies or departments 440 
(Roche, Kruuk, Lanfear, & Binning, 2015; Roche et al., 2014). Sticks in the form of open 441 
metadata mandates, must come from journals (Sibbett, Rieseberg, & Narum, 2020, Gareth 442 
Jenkins, pers. comm.), funding agencies, and data repositories, which all have a responsibility to 443 
respond to the needs of the research community (Lin et al., 2020). While we applaud the 444 
INSDC’s new spatiotemporal metadata annotation policy requiring country of origin metadata 445 
and their adoption of the MIxS metadata standards, we call for greater mandated spatial 446 
resolution to include at least a locality name or spatial coordinates (Table 1) with appropriate 447 
uncertainty or additional terms (such as Darwin Core’s coordinateUncertaintyInMeters, 448 
informationWithheld; Wieczorek et al., 2012) to protect endangered species or sovereignty of 449 
Indigenous Peoples (Hudson et al., 2020; McCartney et al., 2022). 450 

 451 
Our datathon provided an unparalleled opportunity to train graduate students in the 452 

importance of proper data curation, and to raise awareness that almost every dataset has a 453 
potential for re-use. We suggest that training in data curation and metadata usage should be part 454 
of reproducible research training in every science graduate program, with emphasis on avoiding 455 
some of the metadata practices that hinder metadata recovery described in Box 1. Additionally, 456 
“datathons” such as that undertaken here could help to close the metadata gap in the short term, 457 
as they are very cost effective. If we assume a mean cost of sequencing of USD 50 per 458 
BioSample (and ignore the much higher, additional cost of sample collection and processing), 459 
this datathon rescued over USD 2.1 million worth of genomic sequence data for future research 460 
purposes. Co-authors of this paper spent about 2,300 hours on this metadata retrieval effort, 461 
which, if valued at an average wage of USD 19 per hour, yields a return on investment of nearly 462 
4,700%, with average costs of remediating a BioSample or BioProject at USD 1.05 and USD 110 463 
respectively. But ultimately, datathons are a stopgap solution. 464 
 465 

Going forward, the entire biodiversity genomics research community should give the same 466 
priority to sharing metadata that they have given to sharing primary data, because it is only the 467 
metadata that make primary data FAIR. From a process standpoint, the collection of metadata 468 
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should begin at the time of sampling, with the assignment of a globally unique identifier (GUID) 469 
to the actual material sample. This identifier, which should be assigned as early as possible after 470 
collection, serves as the root to which all subsequent derived products could be linked in an 471 
extended specimen cloud to establish clear provenance and thereby prevent duplication of data or 472 
effort (N. Davies et al., 2021; Lendemer et al., 2020). Through the use of GUIDs, both physical 473 
and digital products of the sample (digital sequence information, but also DNA or RNA 474 
extractions, subsamples, images, video, audio, CT scans, measurements of morphology, traits, 475 
gut contents, parasites, and other related data and associated metadata) will be linked to their 476 
material sample GUID to provide an extensive, holistic metadata cloud that can be used to better 477 
inform current research endeavors as well as create additional data-intensive research pathways. 478 
GEOME (Deck et al., 2017; Riginos et al., 2020) is an example of an easy-to-use “metadata 479 
broker” platform that can provide spreadsheet templates with definitions that can be filled in 480 
offline when the sample is collected. It can then mint a GUID for any sample that is added to it, 481 
and then harvest the INSDC accession numbers for genomic reads that are submitted to the SRA 482 
through GEOME, thereby maintaining permanent links between the sample metadata and 483 
genomic data. 484 
  485 

The challenge then is to integrate these metadata downstream into databases (such as 486 
INSDC) which describe data derived from the sample. INSDC enables such linkages to other 487 
metadata platforms through the use of both Structured Voucher 488 
(https://www.ncbi.nlm.nih.gov/biocollections/docs/faq/) and Linkout 489 
(https://www.ncbi.nlm.nih.gov/projects/linkout/) facilities for both Nucleotide and SRA (through 490 
their corresponding BioSample record) datasets respectively (e.g. 491 
https://www.ncbi.nlm.nih.gov/nuccore/KC825472). Through these linkages, metadata 492 
corresponding to the original material sample can be tied to the resulting sequence(s) to both 493 
validate the metadata associated with the sequence record as well as provide updated information 494 
should specimens be reidentified or georeferenced after the lodging of the sequence with INSDC. 495 
Using the INSDC as a long-term repository for metadata about the sample may not make sense, 496 
in part because researchers who submit the sequences to INSDC have sole editing rights to the 497 
sequence record and it is currently quite difficult for others (such as the collections who hold the 498 
vouchers) to keep the INSDC metadata up to date or add additional information. Thus, the 499 
integration of these metadata from an upstream source somewhat negates the necessity for this 500 
information to be duplicated by the sequence depositor and ensures that the metadata are 501 
constantly up to date.  This not only supports open, reproducible science (Buckner, Sanders, 502 
Faircloth, & Chakrabarty, 2021) but also exemplifies the Findable and Accessible principles of 503 
FAIR data (Wilkinson et al., 2016).  504 

 505 
What this piecemeal system currently lacks, however, is support for data Interoperability and 506 

Reusability. This is because of the siloed nature of the data and our inability to compile it into a 507 
single resource for machine readability, data manipulation or downstream use. This shortcoming 508 
is being addressed through various initiatives such as the Extended Specimen Network (ESN; 509 
Lendemer et al., 2020; Thiers et al., 2021), the Digital Extended Specimen 510 
(https://dissco.tech/2020/03/31/what-is-a-digital-specimen/), the Distributed System for 511 
Scientific Collections (DiSCCo; https://www.dissco.eu/), iSamples (N. Davies et al., 2021) and 512 
others. Such a system would require all actors in the data landscape (researchers, collections, 513 
data aggregators, publishers, etc.) to utilize and publish resolvable GUIDs on all specimens, 514 
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datasets and products of research to make these linkages possible, and thereby create an 515 
extensive online network of knowledge, and increase the potential for scientific research 516 
questions to be answered. 517 
 518 

We join others in calling for ambitious policy goals that safeguard genetic diversity and 519 
scientific practices to enable this (Des Roches et al., 2021; Díaz et al., 2020; Laikre et al., 2020). 520 
Swift collective action is required to protect all levels of global biodiversity, and the first step 521 
towards protecting the evolutionary health of eukaryotic species worldwide is to close the 522 
metadata gap highlighted here. Simultaneously, conservation geneticists, molecular ecologists 523 
and evolutionary biologists must engage with global biodiversity assessment programs to ensure 524 
genomic data can be collected, interpreted and archived appropriately (Brodersen & Seehausen, 525 
2014). Several exemplary international networks (e.g. GEOBON Genetic Composition Working 526 
Group, IUCN Conservation Genetics Specialist Group, and EU COST Action Genetic 527 
Biodiversity Knowledge for Ecosystem resilience [GBiKE]) have already made a case for 528 
protecting the genetic diversity of all species (Laikre et al., 2020), proposed indicators to gauge 529 
progress toward goals (Hoban et al., 2020; Laikre et al., 2020). These groups have asserted their 530 
rationale for these changes to stakeholders in policy documents, providing essential clarity in the 531 
use of genetic data, and reporting against targets (Hoban et al., 2021). These actions and 532 
advances encourage the uptake of genetic diversity monitoring by national authorities and 533 
international bodies. The vision for many of these biodiversity monitoring networks is to develop 534 
agile pipelines that intake raw biodiversity data and produce outputs that can directly inform 535 
conservation policies and decisions (Hoban et al., 2021). Yet, without appropriate archival of 536 
genomic data that includes the spatiotemporal metadata, we will be unable to deliver on the 537 
promise of genetic diversity monitoring.  538 
 539 

The GEOME datathon enabled 13 students and 7 academics from 15 institutions and 4 540 
countries to take account of the growing metadata gap for genomics data and begin to remediate 541 
it. The serendipity of being able to run a remote, distributed datathon due to travel restrictions 542 
and funding reallocation forced by COVID-19, in a time when Indigenous rights, biodiversity 543 
conservation and the value of genetic diversity have been front of mind, has not been lost on the 544 
participants. While our efforts have just begun to address the growing metadata gap, it is our 545 
hope that most researchers will start to ensure the FAIRness of their genomic data and metadata 546 
before or upon publication, thereby honoring the work that went into creating it and providing 547 
limitless opportunities for reuse of their data to help answer the important scientific questions of 548 
the future. 549 
 550 
 551 
 552 
 553 
 554 
 555 
 556 
 557 
 558 
 559 
 560 
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 807 
Box 1. Summary of metadata practices encountered during the datathon that hindered metadata recovery 808 
and recommended practices to improve future usability of samples and genetic sequence data. In general, 809 
we recommend that authors use metadata software (GEOME: geome-db.org, COPO: copo-project.org, or 810 
museum database software such as Specify) to organize and archive their sample metadata.  811 
 812 

Practice Challenge Solution 
INSDC materialSampleID (SRA) 
does not match any sample 
identifiers in associated scientific 
publication(s) 

Metadata external to the 
INSDC cannot be assigned to 
genetic samples or metadata 
are associated with the wrong 
sample  

Use consistent, persistent, globally unique 
sample identifiers (e.g. Darwin Core 
materialSampleID) across data repositories 
and publications; if sample identifiers are 
not consistent, provide an explicit cross-
reference table in all associated 
publications and data repositories 

Large amounts of metadata are 
only available in associated 
publications in PDF format & 
lack consistent formatting 

Metadata cannot be 
programmatically converted 
to standard table formats (e.g. 
entries formatted column by 
row, rather than row by 
column) & require time-
consuming manual extraction 

Provide metadata in comma- or tab-
delimited files (.csv or .txt) using standard 
column headers (i.e. terms suggested by 
Darwin Core, MIxS, or GEOME or COPO) 
& associated vocabulary, where possible 

Specimens, BioSamples or 
metadata are deposited in a 
biodiversity collection (e.g., 
museum, herbarium, biobank, 
zoo), but biodiversity collection 
accession numbers are not 
provided in the associated 
publications or INSDC 

Biodiversity collection record 
searches can be time-
consuming & may not yield 
enough information to link 
samples in collection 
databases back to INSDC 
databases 

Use consistent sample identifiers across all 
databases & publications; or provide a 
cross-reference table in associated 
publication(s) that links biodiversity 
collection accessions to INSDC 
materialSampleIDs and identifies the 
biocollection repository by name. The 
Darwin Core standard  accommodate 
multiple terms 

Associated publication 
references previous 
publication(s) for details about 
the sample metadata 

Time consuming & 
challenging to track citation 
trail back to metadata in 
original/earlier publication. 
Sample metadata or identifiers 
may be absent or in 
inconsistent formats across 
associated publications 

Compile & include relevant metadata from 
previous publications in supplementary 
materials for the publication linked to the 
INSDC BioProject; if needed, include a 
column flagging whether data are new to 
the present study or originated from 
another source (& identify that source) 

Sample collection geospatial 
coordinates or location name 
withheld in order to protect 
endangered species, sensitive 
habitat, or Indigenous 
sovereignty  

Sample lacks spatial metadata  Provide imprecise geospatial coordinates & 
use large, defined coordinateUncertainty to 
maintain local anonymity of sensitive 
collection sites. Provide additional 
comments using Darwin Core 
informationWithheld 

Codes used to abbreviate sample 
collection locations are 
inconsistent or hard to find 
throughout publication & related 
materials 

Sample collection locations 
cannot be determined or 
require time-consuming 
manual curation 

Include site codes in the sample identifier 
(materialSampleID). Use consistent site 
codes throughout associated publications & 
provide a key with codes & geospatial 
coordinates in associated publications 

Sample collection dates are a 
range or a season (e.g., winter 
2017-2018) 

Sample collection date may 
not be identifiable to a 
specific year; unclear which 
samples were collected in 
which date range 

Denote/report which year each sample was 
collected in (dates that also include month 
& day are ideal)  
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No metadata on BioSample 
relevance to genetic diversity of 
wild populations/species 
provided 

Unclear which BioSamples (if 
any) were collected from wild 
populations versus e.g. brood 
stock, laboratory stock, 
domesticated species, 
artificial selection 
experiments, non-wild 
collections in seed banks 

Provide metadata denoting which 
BioSamples were collected from wild 
populations, using Darwin Core term 
establishmentMeans 

Metadata provided for some but 
not all BioSamples  

Some BioSamples lack 
metadata, unclear why 
metadata are incomplete 

Provide metadata for all BioSamples or list 
a specific reason for missing 
metadata  (e.g. not collected, metadata lost, 
sample excluded from study due to 
misidentification) using Darwin Core 
informationWithheld.  

Sampling location provided, but 
only at a coarse geographic scale 
i.e., state, province, or country 
name 

Sample lacks spatial metadata 
at a resolution useful for 
future monitoring & 
macrogenetic research 
questions 

Provide geospatial coordinates for sample 
collection locations. Specific place, state, 
& country names can be helpful additions 
to confirm the geospatial coordinates are 
correct (& to programmatically filter by 
broader geographic locations) 
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 1 

     Table 1: Alphabetized list of required (in bold) and recommended metadata terms for individual organisms and/or derived tissues 
or DNA sequences included in the datathon. Square brackets in the definition column denote the metadata standard from which the 
definition comes. Terms with multiple definitions are in order of decreasing specificity. The importance column indicates which terms 
support the identification of Indigenous provenance and can therefore inform Access and Benefit-Sharing (ABS), and those that can 
support sample or Digital Sequence Information (DSI) re-use in conservation, according to the study approach definitions of Leigh et 
al. (2021). Class I studies generate new sequence data, requiring precise information regarding the spatiotemporal context of the 
collected sample, a unique materialSampleID, as well as the preservative the tissue is held in; Class II studies compile genetic 
diversity values from published studies, generally requiring less precise spatiotemporal information, but this needs to be associated 
with a publication (associatedReferences); Class III studies re-analyse digital sequence information, or derived genetic data, requiring 
precise spatiotemporal information, and a unique materialSampleID. Depending on the objective of re-use, habitat and 
environmental_medium may also be important for sample/DSI re-use in conservation. Controlled vocabularies refer to standardized 
lists of acceptable entries, often defined by a standards organization. 
 
Term Definition Importance Controlled  

Vocabulary 
 Example 

associatedReferences [GEOME]1 Any associated publications/references 
pertaining to this individual or its derivative tissues 
or sequences. The first place it was published is 
particularly relevant. DOIs in format: 
https://doi.org/10.1007/s10530-007-9196-8. 
Multiple DOIs separated by |. [Darwin Core]2 A list 
(concatenated and separated) of identifiers 
(publication, bibliographic reference, global unique 
identifier, URI) of literature associated with the 
Occurrence. 

Indigenous provenance, ABS 
Class II 

None  "https://doi.org/10.1111/j.1365-294X.2008.03995.x; | 
https://doi.org/10.5343/bms.20" 

coordinateUncertaintyInMeters [Darwin Core] The horizontal distance (in meters) 
from the given decimalLatitude and 
decimalLongitude describing the smallest circle 
containing the whole of the locality where the 
sample could possibly have come from. Value 
empty if the uncertainty is unknown, cannot be 
estimated, or is not applicable (because there are 
no coordinates). Zero is not a valid value for this 
term. 

Class I, III None  1 km = "1000" 
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country [Darwin Core] The name of the country or major 
administrative unit or exclusive economic zone (for 
marine samples) in which the locality occurs. 

Indigenous provenance, ABS 
Class II 

ISO 3166-1  "Indonesia" 

decimalLatitude [Darwin Core] The geographic latitude (in decimal 
degrees, using the spatial reference system given in 
geodeticDatum) of the geographic center of a 
Location. Positive values are north of the Equator, 
negative values are south of it. Legal values lie 
between -90 and 90, inclusive. 

Indigenous provenance, ABS 
Class I, II, III 

None  "-6.147183" 

decimalLongitude [Darwin Core] The geographic longitude (in decimal 
degrees, using the spatial reference system given in 
geodeticDatum) of the geographic center of a 
Location. Positive values are east of the Greenwich 
Meridian, negative values are west of it. Legal 
values lie between -180 and 180, inclusive. 

Indigenous provenance, ABS 
Class I, II, III 

None  "105.46326" 

derivedDataFilename [GEOME] A list (concatenated and separated with 
|) of the file names for datasets that include data 
derived from this tissue that are accessible via the 
'derivedDataURI'. Could be a compressed archive. 
 

Class III None  "SDM_snps.tar.gz" 

derivedDataFormat [GEOME] A list (concatenated and separated with 
|) of the dataset formats relating to the 
'derivedDataType' that include data derived from 
this tissue. 

Class III {microsatellites, 
Sequence alignment, 
SNPs,OTUs,ASVs, 
Other} 

 "SNPs" 

derivedDataType [GEOME] A list (concatenated and separated with 
|) of the dataset types that include data derived 
from this tissue. 

Class III {genepop,FASTA,VCF, 
nexus,PHYLIP, 
structure,Other} 

 "VCF" 

derivedDataURI [GEOME] A URI (preferably a DOI in this format: 
https://doi.org/10.1007/s10530-007-9196-8) for 
any datasets that include data derived from this 
tissue. Multiple URIs/DOIs can be separated by |. 

Class III None  "https://doi.org/10.5061/dryad.k7k4m" 

environmental_medium [MIxS]3 Terms that identify the material displaced 
by the entity at time of sampling. Recommend 
subclasses of environmental material 
[ENVO:00010483]. Multiple terms can be 
separated by pipes e.g.: a duck might displace fresh 
water|air. 

 ENVO4 Environmental Material:  
ENVO_00010483 

 "sea water" 
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habitat [MIxS: Broad-scale environmental context] In this 
field, report which major environmental system 
your sample or specimen came from. The systems 
identified should have a coarse spatial grain, to 
provide the general environmental context of 
where sampling was done. [Darwin Core] A 
category or description of the habitat in which the 
Event occurred. 

 ENVO Biomes:  
ENVO_00000428 

 "marine benthic biome" 

locality [Darwin Core] The specific name or description of 
the site or place where the sample was taken as 
given by the original researchers. This would be the 
place name that appears in a table next to the 
coordinates, or the labels for sampling sites on a 
map. Less specific geographic information can be 
provided in other geographic terms 
(continentOcean, country, stateProvince, island). 
This term may contain information modified from 
the original to correct perceived errors or 
standardize the description. 

Indigenous provenance, ABS 
Class I, II, III 

None  "Rakata" 

materialSampleID [GEOME] The collector's specimen number. This 
number must be unique among the IDs within the 
sheet. [Darwin Core]. An identifier for the 
MaterialSample (as opposed to a particular digital 
record of the material sample). In the absence of a 
persistent global unique identifier, construct one 
from a combination of identifiers in the record that 
will most closely make the materialSampleID 
globally unique. 
 

Class I, III None  "Rakata_1190.01" 

permitInformation [GEOME] Information regarding the permit 
acquired  to collect this sample. At least the permit 
number and issuing authority. Multiple values 
separated by | 

Indigenous provenance, ABS None  “Indonesian Institute of Sciences (LIPI) 
Permit #'s 1187/ SU/KS/2006 and 
04239/SU.3/KS/2006” 

preservative [GEOME] Preservative used on the specimen. Class I GEOME List of preservatives  "95% Ethanol" 

yearCollected [Darwin Core] The year the collecting event took 
place 

Class I, II, III None  March 24, 2006 = "2006" 

1. Deck et al. (2017); Riginos et al. (2020) 
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2. Wieczorek et al. (2012) 
3. Yilmaz et al. (2011) 
4. Buttigieg et al. (2013, 2016) 
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