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potential and allow their full re-usage, they must be asso-
ciated with their metadata.

What does metadata cover? It means whatever is 
describing data, without being the data themselves. 
Metadata point the way to a better understanding of how 
the data were generated, what level of confidence one can 
put on them, and additionally allow optimization of their 
discovery and their reuse (the F and R in FAIR, respec-
tively). Metadata generally consists of of an attribute and 
of its value, such as “genus: Homo”, generally with a set 
of fixed attributes (e.g. the Darwin Core [3], or the Mini-
mum Information about a Genome Sequence MIGS from 
the Genomic Standards Consortium [4]).

Saying that, plenty of things can be metadata, some 
obvious and some not. Lagoze et al. [5] described seven 
types of metadata; however, all of them are not really rel-
evant in our genomic research context. Here, I categorize 
metadata into three types, overlapping with in language 
from Lagoze et al. [5], and while each of them have spe-
cific advantages in various situations, they are all manda-
tory to ensure a real open data state and a complete FAIR 
level.

Type 1: Sampling metadata
This is what Lagoze called the “provenance and identi-
fication” metadata, and they are mandatory in the Dar-
win Core and MIGS. All data indeed have an origin: for 
instance, sequences came from DNA/RNA sequencing 

Introduction
Data in research are by now the “nerf de la guerre”, as we 
say in French, meaning the crux of every analyses and 
projects, before and after. The OECD defined “research 
data” […] as factual records (numerical scores, textual 
records, images and sounds) used as primary sources for 
scientific research, and that are commonly accepted in 
the scientific community as necessary to validate research 
findings. A research data set constitutes a systematic, par-
tial representation of the subject being investigated” [1]. 
Under this quite large definition, we can assume that all 
the “things” we generate during any study as a result is 
a data: sequencing products/reads, genome or transcrip-
tome assembly, mapping files, SNP, read counts, annota-
tion files… In genomics in particular, we generate a whole 
bunch of those data. In recent years, due to the rising tide 
of the Open Science in genomics and in science in gen-
eral, we all started to share massively all our data. In this 
regard, most of us try to respect the FAIR usage (Find-
able, Accessible, Interoperable, Reusable)[2] However, 
data are “only” the tip of the iceberg: to release their true 
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While data sharing increases, most open data are difficult to re-use or to identify due to the lack of related metada. 
In this editorial, I discussed about the importance of those metadata in the context of genomic, and why they are 
mandatory to ensure the success of data sharing.
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from samples (or population of ) in a specific location. 
This location can be a natural one (or an old agronomi-
cal variety, or whatever outside a lab), and thus being 
described by GPS coordinates (or at least the common 
geographical name of the region where the samples 
belong). If it is an non-natural one (i.e. long-lasting lab 
strains for bacteria, yeasts, nematodes or e.g. Drosophila 
melanogaster), their “genebank” origin knowledge is of 
importance. In the case of “from natura” samples, hav-
ing the location metadata allows to validate many things: 
Nagoya protocol respect (i.e. the equal sharing of benefits 
if any), sampling methodology, coherence of the sam-
pling, post-study availability of samples, and so on. For 
human tissue sample, the case is more complex: depend-
ing on the type of clinical analyses (cancer, cell, geno-
typing…), the metadata change (e.g. Human Cell Atlas, 
Cancer Genomics Cloud). In addition, they all request 
anonymization of the donor, while guaranteeing that we 
can come back to the patient if needed. Outside of the 
technical validation, these information allow also other 
scientists to re-use your data for another analysis: add-
ing samples from other origin for their own analysis, or 
rethink completely the data for a new study. In this last 
case, for instance, a dataset created for SNP diversity can 
be used for inference of demography, based on GPS loca-
tion data.

Type 2: Handling metadata
All data came from experimentation. By experimenta-
tion, I mean here any modality to obtain the data (not to 
analyze or transform them, see below), and is recorded as 
administrative as well as structural metadata by Lagoze. 
Even biodiversity analysis has experimental procedures: 
enumerating birds in a given area can be done through 
different methods (date, hour, pictures, counting meth-
odology) and thus provide different information (or 
level of ). The way you acquired the data implies biases in 
your data, that can be of different types and orders. For 
instance, having a genome sequence using a TrueSeqv3 
from Illumina has not the same bias as a LSK-109 kit 
from Oxford Nanopore Technologies (for output, depth 
bias profile, error rate/type or read length e.g.).

Type 3: Processing metadata (structural)
Most of the data we work with are transformed during 
the studies, or even are already transformed data when 
we used them. The most perfect example is the sequence 
data: none of the sequencers provides ATGC informa-
tion. They provide colors (Illumina, Pacific Biosciences, 
Sanger) or electric signal (ONT) that are processed 
through different softwares in an ATGC sequence format. 
While it is not crucial for Illumina or PacBio data, such 
transformation is critical for ONT, and having the base-
caller version and options is mandatory to understand 

biases and limits of the analysis [6]. While this example 
seems tightly linked to the previous paragraph, here I 
would like to insist on the analysis/transformation part 
and not on the acquisition one. Analysis metadata are 
of high importance in secondary analyses, especially 
when a bunch of softwares with many many different 
options are involved (e.g. in the case of SNP calling, or 
for genome/transcriptome assembly). Indeed, changing a 
single parameter or version may modify the whole results 
and interpretation of data, thus knowing how the initial 
data were treated to obtain the ones you are working on 
is of high importance [7, 8]. Thus, the metadata related to 
options, versions, and post-treatments are as important 
as the sampling choice for the understanding of data and 
their interpretation.

Conclusion
In these times of “Publish or Perish”, the idea of “Share 
and Flourish” is a nice alternative, and foresees possi-
bilities of growing for research results. Indeed, sharing 
allows to realize the dream of Bernard de Chartes (XIIth 
century), “being on the shoulders of giants”. It means that 
you can rely on the whole previous research findings and 
data for your own research, and help other researchers to 
perform new, up-to-date research. Sharing genomic data 
has thus plenty of advantages, and is a win-win situation, 
even outside of any pure science consideration: such as 
reproducibility and acknowledgments. However, shar-
ing high-quality data is useless if good metadata are not 
linked with it. It is more or less like having flatpack fur-
niture without its assembly instructions: you cannot do 
anything without it, it stays an unusable bunch of planks 
and dowels. If sharing is caring, then providing good 
metadata is the biscuit base of the cheesecake.

Abbreviations
OECD  organization for Economic Co-operation and Development
SNP  single-Nucleotide Polymorphism
FAIR  findable, Accessible, Interoperable, Reusable
MIGS  m Information about Genome Sequence
ONT  oxford Nanopore Technologies

Acknowledgements
I would like to thanks Antoine Blanchard and Jean-Christophe Desconnets 
for their inputs in discussion on the benefits of metadata. I would also thanks 
Maria Hodges for her help in editing.

Author contributions
FS initiated the idea, designed the editorial and wrote the entire document.

Funding
FS is integrally funded by the French National Research Institute for 
Sustainable Development IRD.

Data availability
Not applicable.



Page 3 of 3Sabot BMC Genomic Data           (2022) 23:79 

Declarations

Ethics approval and consent to participate
Not applicable.

Consent to publish
Not applicable.

Competing interests
The author declares that he has no competing interests.

Received: 10 May 2022 / Accepted: 18 October 2022

References
1. https://www.oecd-ilibrary.org/sites/3631ee20-en/index.html?itemId=/

content/component/3631ee20-en.
2. Wilkinson MD, Dumontier M, Aalbersberg IJ, Appleton G, Axton M, Baak A, 

Blomberg N, Boiten J-W, da Silva Santos LB, Bourne PE, Bouwman J, Brookes 
AJ, Clark T, Crosas M, Dillo I, Dumon O, Edmunds S, Evelo CT, Finkers R, 
Gonzalez-Beltran A, Gray AJG, Groth P, Goble C, Grethe JS, Heringa J, ’t Hoen 
PAC, Hooft R, Kuhn T, Kok R, Kok J, Lusher SJ, Martone ME, Mons A, Packer AL, 
Persson B, Rocca-Serra P, Roos M, van Schaik R, Sansone S-A, Schultes E, Seng-
stag T, Slater T, Strawn G, Swertz MA, Thompson M, van der Lei J, van Mulligen 
E, Velterop J, Waagmeester A, Wittenburg P, Wolstencroft K, Zhao J, Mons B. 

The FAIR guiding principles for scientific data management and stewardship 
3(1), 160018. doi:https://doi.org/10.1038/sdata.2016.18.

3. Wieczorek J, Bloom D, Guralnick R, Blum S, Döring M, et al. Darwin Core: An 
Evolving Community-Developed Biodiversity Data Standard. PLoS ONE. 
2012;7(1):e29715. https://doi.org/10.1371/journal.pone.0029715.

4. Field D, Garrity G, Gray T, et al. The minimum information about a genome 
sequence (MIGS) specification. Nat Biotechnol. 2008;26:541–7. https://doi.
org/10.1038/nbt1360.

5. Lagoze C, Lynch CA, Daniel R The Warwick Framework: A container architec-
ture for aggregating sets of metadata (1996).

6. Wick RR, Judd LM, Holt KE. Performance of neural network basecalling tools 
for oxford nanopore sequencing. Genome Biol. 2019;20(1):1–10.

7. Cashman M, Cohen MB, Ranjan P, Cottingham RW: Navigating the maze: the 
impact of configurability in bioinformatics software. In: Proceedings of the 
33rd ACM/IEEE International Conference on Automated Software Engineer-
ing, pp. 757–767 (2018).

8. Shah N, Nute MG, Warnow T, Pop M. Misunderstood parameter of ncbi 
blast impacts the correctness of bioinformatics workflows. Bioinformatics. 
2019;35(9):1613–4.

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

http://www.oecd-ilibrary.org/sites/3631ee20-en/index.html?itemId=/content/component/3631ee20-en
http://www.oecd-ilibrary.org/sites/3631ee20-en/index.html?itemId=/content/component/3631ee20-en
http://dx.doi.org/10.1038/sdata.2016.18
http://dx.doi.org/10.1371/journal.pone.0029715
http://dx.doi.org/10.1038/nbt1360
http://dx.doi.org/10.1038/nbt1360

	On the importance of metadata when sharing and opening data
	Abstract
	Introduction
	Type 1: Sampling metadata
	Type 2: Handling metadata
	Type 3: Processing metadata (structural)
	Conclusion
	References


