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What is the problem?

“Someone unfamiliar with your project should be able to 
look at your computer files and understand in detail what 

you did and why.”

“Your primary collaborator is yourself six months from 
now, and your past self don’t answer e-mails.”



Metadata

The data about the data (or anything really)

“One person’s metadata, is another person’s data”



Metadata

• Describe data at different levels
– e.g. a whole study vs the samples

Examples
• Creators
• File types and formats of the data
• Licence for re-use of the data
• Methodology for data collection
• Analytical and procedural information
• Sources of samples
• Sample treatment
• Geolocation(s) of samples
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Metadata in the Data Life Cycle
Determine what metadata is needed 
for doing the project and sharing data

Creating metadata from 
documentation as data is 
collected, processed and 
analysed

Describing 
datasets

Using metadata to 
perform analysis

Describing 
datasets

Understanding 
datasets

Organising metadata in 
appropriate format(s)

RDM life cycle, by ELIXIR RDMkit

https://rdmkit.elixir-europe.org/images/data_life_cycle.png


FAIR principles

from Wilkinson, Mark et al. “The FAIR Guiding Principles for scientific data management and 
stewardship”. Scientific Data 3, Article number: 160018 (2016) http://dx.doi.org/10.1038/sdata.2016.18

http://dx.doi.org/10.1038/sdata.2016.18


What problems do you see with the 
descriptions of these samples?

samples_metadata_lesson.csv

https://nbisweden.github.io/module-metadata-dm-practices/files/samples_metadata_lesson.csv


Problems

• Date formats
• Different terms for the same information

• Misspelled terms

• Not clear what a data point means

• Not clear what unit



Stringency

• Descriptions must be understandable over time - not only for you

• FAIR principles → also for computers

• Consistency
– Date formats
– Units
– Terms



How much metadata?

• What is necessary for you to do your particular analysis
• What is necessary for someone to understand the data

• All the metadata you have

• “How can I make this dataset as useful as possible for others?”



Terms

“Biologists would rather share their toothbrush than share a gene name”
- Michael Ashburner (former head of EBI)

• Consistency and stringency

• Controlled vocabularies
• Ontologies
• Thesauruses (Thesauri)
• Taxonomies



How many different medical conditions do you 
think this list of terms describes?

Bloodstream Infection, Circulatory Failure, Toxic Shock 
Syndrome, Pyemia, Circulatory Collapse, Blood Poisoning, 

Endotoxin Shock, Pyohemia, Hypovolemic Shock, Septicemia, 
Sepsis-associated hypotension, Pyaemia



Solution

Sepsis Shock Septic shock

Blood Poisoning Circulatory Collapse Endotoxin Shock

Bloodstream Infection Circulatory Failure Sepsis-associated hypotension

Pyaemia Hypovolemic Shock Toxic Shock Syndrome

Pyemia   

Pyohemia   

Septicemia   



Controlled vocabulary

• List of terms to describe some domain of knowledge
• Only one term per phenomenon
• Term definition
• List synonyms
• Each term has a unique identifier

Medical Subject Headings - MeSH
Sepsis
Definition: Systemic inflammatory response syndrome 
with a proven or suspected infectious etiology.
Synonyms:  Blood Poisoning, Bloodstream Infection, 
Pyaemia, Pyemia, …
MeSH Unique ID: D018805



Ontology

• A controlled vocabulary
• Captures term relationships, e.g.

– is a
– part of
– contained in
– produced by

• Hierarchy / Tree
– A term can be present at several places in the hierarchy



Experimental Factor Ontology

https://www.ebi.ac.uk/ols/ontologies/efo/terms?iri=http%3A%2F%2Fwww.ebi.ac.uk%2Fefo%2FEFO_0008637&lang=en&viewMode=All&siblings=false

https://www.ebi.ac.uk/ols/ontologies/efo/terms?iri=http%3A%2F%2Fwww.ebi.ac.uk%2Fefo%2FEFO_0008637&lang=en&viewMode=All&siblings=false


Brenda Tissue Ontology

https://www.ebi.ac.uk/ols/ontologies/bto/terms?iri=http%3A%2F%2Fpurl.obolibrary.org%2Fobo%2FBTO_0000564

https://www.ebi.ac.uk/ols/ontologies/bto/terms?iri=http%3A%2F%2Fpurl.obolibrary.org%2Fobo%2FBTO_0000564
https://www.ebi.ac.uk/ols/ontologies/bto/terms?iri=http%3A%2F%2Fpurl.obolibrary.org%2Fobo%2FBTO_0000564


A universal standard

https://xkcd.com/927/

CC BY-NC 2.5

https://xkcd.com/927/
https://creativecommons.org/licenses/by-nc/2.5/


Making your own?

• At what point does it make sense to use something that exists?
– Number of terms
– Nature of terms
– Relationships of terms
– Terms management

• Definitions
• FAIRness

– Unique identifiers
– Home brew vocabularies makes it harder to achieve machine 

readability 



Metadata standards

• Collections of metadata elements of relevance for a particular purpose
• Elements

– Mandatory, Recommended, or Optional
– Defined input value type

• Free text, data, geographical position, numerical values, 
ontology terms

– Can itself be an ontology term
• Stricter → potentially increased FAIRness
• Generic to Specific



Generic - Dublin Core

• Describing digital and physical resources
• 15 elements

https://www.dublincore.org/specifications/dublin-core/dces/

CC BY 3.0

https://www.dublincore.org/specifications/dublin-core/dces/
https://creativecommons.org/licenses/by/3.0/


Specific - an ENA checklist

• ENA virus pathogen reporting 
standard checklist

• Reporting metadata of virus 
pathogen samples associated 
with genomic data

• 35 elements - 9 mandatory and 
15 recommended

• Adheres to MINSEQE (Minimum 
Information About a 
Next-generation Sequencing 
Experiment) guidelines

https://www.ebi.ac.uk/ena/browser/view/ERC000033

https://www.fged.org/projects/minseqe/
https://www.ebi.ac.uk/ena/browser/view/ERC000033


How do I know what to use?

https://fairsharing.org/summary-statistics/ 

CC BY-SA 4.0

https://fairsharing.org/summary-statistics/
https://creativecommons.org/licenses/by-sa/4.0/legalcode


Finding ontologies

• Tools
– FAIRsharing.org
– EBI Ontology Tooling page

• Ontology Lookup Service - OLS
• Zooma - map free text to ontology terms 

• Not an exact science… There is no perfect way...
• Sometimes hard
• Trial and error

https://fairsharing.org/

CC BY-SA 4.0
https://www.ebi.ac.uk/spot/ontology/

https://fairsharing.org/
https://www.ebi.ac.uk/spot/ontology/
https://www.ebi.ac.uk/ols/
https://www.ebi.ac.uk/spot/zooma/
https://fairsharing.org/
https://creativecommons.org/licenses/by-sa/4.0/legalcode
https://www.ebi.ac.uk/spot/ontology/


FAIRsharing.org

https://fairsharing.org/

CC BY-SA 4.0

https://fairsharing.org/
https://creativecommons.org/licenses/by-sa/4.0/legalcode


OLS

https://www.ebi.ac.uk/ols/

https://www.ebi.ac.uk/ols
https://www.ebi.ac.uk/ols/


Data dictionary

• Document what type of information is supposed to be entered for the 
metadata fields

• Name, units, allowed values, definitions, …
• “Your own metadata standard” - 

https://data.nal.usda.gov/data-dictionary-examples

https://data.nal.usda.gov/data-dictionary-examples


Exercise: 
Start a data dictionary



Start a Data dictionary
1. Open samples_metadata_lesson.csv
2. Create a new data_dictionary file
3. Add headings to data_dictionary

– Current variable name
– ENA variable name
– Measurement unit
– Allowed values
– Definition

1. samples_metadata_lesson.csv

2. data_dictionary

4. Copy headings from 
samples_metadata_lesson.csv to 
rows in data_dictionary

• Add some definitions
• Add some units
• Add some allowed value definitions

3.

4.

https://nbisweden.github.io/module-metadata-dm-practices/files/samples_metadata_lesson.csv
https://nbisweden.github.io/module-metadata-dm-practices/files/samples_metadata_lesson.csv


Data dictionary - start



Plan ahead

• Use standards of deposition databases were you plan to publish your 
data

• Helps with selecting elements
• Makes data submission much easier



Exercise: 
Look up an ENA checklist to improve the data 

dictionary



Improve data dictionary

1. Go to https://www.ebi.ac.uk/ena/browser/checklists to see the available 
checklists

2. Scroll down the listing until you find the ERC000033 ENA virus pathogen 
reporting standard checklist

3. Go through the data dictionary and find suitable field names in the ENA 
default sample checklist for those fields. Add them to the ENA Variable 
name column of your data dictionary file.
a. Are all mandatory fields present, or will you need to add fields?
b. Are there fields that need to be split into more fields?
c. Are there controlled vocabularies you should adhere to?

https://www.ebi.ac.uk/ena/browser/checklists


Improve data dictionary

https://www.ebi.ac.uk/ena/browser/view/ERC000033

https://www.ebi.ac.uk/ena/browser/view/ERC000033


Finding ontologies

• This standard is liberal when 
it comes the allowed values 
for the different fields

• We can do better!

• Use ontology terms
– Improves FAIRness
– But which ontologies…?

https://www.ebi.ac.uk/ena/browser/view/ERC000033

https://www.ebi.ac.uk/ena/browser/view/ERC000033


Finding ontologies

• Tools
– FAIRsharing.org
– EBI Ontology Tooling page

• Ontology Lookup Service - OLS
• Zooma - map free text to ontology terms 

• Not an exact science… There is no perfect way...
• Sometimes hard
• Trial and error

https://fairsharing.org/

CC BY-SA 4.0
https://www.ebi.ac.uk/spot/ontology/

https://fairsharing.org/
https://www.ebi.ac.uk/spot/ontology/
https://www.ebi.ac.uk/ols/
https://www.ebi.ac.uk/spot/zooma/
https://fairsharing.org/
https://creativecommons.org/licenses/by-sa/4.0/legalcode
https://www.ebi.ac.uk/spot/ontology/


FAIRsharing.org

https://fairsharing.org/

CC BY-SA 4.0

https://fairsharing.org/
https://creativecommons.org/licenses/by-sa/4.0/legalcode


OLS

https://www.ebi.ac.uk/ols/

https://www.ebi.ac.uk/ols
https://www.ebi.ac.uk/ols/


Zooma

https://www.ebi.ac.uk/spot/zooma/

https://www.ebi.ac.uk/training/online/courses/cellular-microscopy-phenotype-ontology-quick-tour/annotating-data-with-cmpo/
CC BY 4.0

https://www.ebi.ac.uk/spot/zooma/
https://www.ebi.ac.uk/training/online/courses/cellular-microscopy-phenotype-ontology-quick-tour/annotating-data-with-cmpo/
https://creativecommons.org/licenses/by/4.0/


Exercise: 
Find suitable ontologies for your data



Finding ontologies and terms

Try finding and deciding on suitable ontologies and terms to use for the data file

• illness symptoms, using OLS
• isolation source host-associated (tissue), using FAIRsharing.org



Update data dictionary



• Information about data is called metadata
• Good metadata is a necessity for understanding the data - FAIRness
• Try to be consistent when describing data
• Use controlled vocabularies and ontologies when specifying 

metadata
• Metadata standards - generic and domain specific
• Use data dictionaries to document standards for your data
• There are tools to help you decide on ontologies and terms to use

Summary


