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A bit about me…
• I joined EBI in 2005

• I have a biological/medical background

• My career has been heavily focused on service engineering in bioinformatics and FAIR 
data management

• I’ve built, helped develop, or run the development teams for…

• ArrayExpress

• Expression Atlas

• BioSamples

• Ontology tooling

• GWAS Catalog

• Human Cell Atlas DCP



What is EMBL-EBI?

• World leading source of public 
biomolecular data

• Our vision is to benefit humankind by 
advancing scientific discovery and 
impact through bioinformatics.

• Part of the European Molecular Biology 
Laboratory (EMBL), Europe’s flagship 
laboratory for the life sciences. 



Data resources at EMBL-EBI



BioSamples
The BioSamples database, an 
ELIXIR deposition database for 
sample metadata storage and 
linkage to other EMBL-EBI 
resources.
BioSamples stores and 
supplies descriptions and 
metadata about biological 
samples used in research and 
development by academia and 
industry.

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



Metadata

Collins, Sandra, et al. "Turning FAIR into reality: Final report and action plan from the European Commission expert group on FAIR data." (2018).

Metadata, data about data
Structured information that describes, explains, 
locates or make it easier to retrieve, use, or 
manage an information resource.

Sample metadata, for the better use of 
multi-omics data

• Description of biomaterial used in the 
experiment

• Support data interpretation.
• Improves data reusability and reproduci- 

bility



Good sample management needs…

• FAIR data

• Infrastructure



BioSamples as a metadata hub

• Archive of information about biological materials
• From internal and external sources, and directly from submitters.
• Enables technology independent linking between assay data and sample 

metadata



BioSamples: Our mission to add value

FAIR (meta)data indicators:
● Metadata includes the identifier for the data
● Metadata is accessed through a standardized protocol
● Metadata uses standard vocabularies
● Metadata complies with a community standard

Indicators: https://www.rd-alliance.org/groups/fair-data-maturity-model-wg

          Data consumers: 
● Is there (meta)data available?
● Where to find the (meta)data?
● How to search for the correct 

(meta)data?
● Is the (meta)data downloadable 

and interpretable?

                   Data owners: 
● Where to publish details of 

our samples?
● What are the essential 

information?
● How to register samples 

and submit data?



Validation and semi-automatic curation
- Sharable and reusable checklists 

for consistent metadata 
representation

- Supporting community curation

Data deposition for collaborative  projects
- Easier submission process
- Adjust to community requirements

Interconnectivity across archives 
– Singe hosting place for sample metadata

- Linking sample, assay and publication

FAIRification processes

Data management 

Multi-omics 
data integration

Technical pillars

Biosamples “Layer Cake”

https://doi.org/10.1093/nar/gkab1046
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FAIRification processes
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Use Cases: FAIRification processes

● Validation against sample checklists - e.g. MixS, MIAPPE - 
at the point of submission

● Retrospective certification against sample checklists 
(including entirely new checklists or simply newer versions)

● Integration with ELIXIR BioValidator
● (Semi-)Automated ontology annotation
● Ontology-enabled search

https://github.com/elixir-europe/biovalidator 

https://github.com/elixir-europe/biovalidator


FAIR, specifically, in BioSamples context…

Findable
• Globally unique, resolvable, and persistent identifiers
• Machine-readable descriptions to support structured search and filtering

Accessible
• Metadata are accessible beyond the lifetime of the digital resource
• Clearly defined access and security protocols (FAIR != Open)

Interoperable
• Extensible machine interpretable formats for data + metadata
• Use vocabularies and link to other resources

Reusable 
• Provide licensing, provenance and meet community standardsCredit: Michel Dumontier, Maastricht University



BioSample records
• A FAIR digital record
• Persistent identifier
• Open file format
• External links to data



Metadata curation
Redundancy and inconsistency in real life data

92.6% of the attributes have 
less than 0.1% usage across 
samples



        How to find all COVID-19 samples?
Covid 19-related attributes in 
BioSamples:

- severe acute respiratory syndrome
- COVID19
- novel coronavirus pneumonia
- nCoV pneumonia
- COVID-19
- Coronavirus infected disease-19 

(COVID-19)

Common challenges in sample 
metadata

- Special characters (COVID19 vs 
COVID-19)

- Acronyms (T2D for diabetes)
- Typo
- Synonyms

Metadata curation

- Text curation
- Semantic annotation

https://www.covid19dataportal.org



Text curation

● Automatic curation by pipelines
○ Remove empty values
○ Handling special characters
○ Normalize attribute format

● Manual curation by experts
● Curation tool based on manual curation 

and machine learning 

Sample_source_name

Sample source name

Cell line sournce

Cell line source

After: 

Before: 

Raw metadata

Text curation(auto)

Semantic annotation

Manual curation



Semantic annotation

Ontology-based semantic annotation

Ontology: 

A formal representation and definition of 

concepts and categories in a subject area or 

domain that shows their properties and the 

relations between them.

Example ontologies: Gene Ontology, EFO

Experimental 
Factor 
Ontology

http://geneontology.org/          https://www.ebi.ac.uk/efo/

http://geneontology.org/


Automated ontology annotation

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

SARS-CoV-2 related 
values

- SARS-CoV2
- Wuhan coronavirus
- Human coronavirus 2019
- SARS-CoV-2
- 2019-nCoV
- COVID-19 virus

ZOOMA

An annotation service for 
finding possible ontology 
terms for free text terms.



Access and visualize ontologies

https://www.ebi.ac.uk/ols/ontologies/mondo/terms?iri=http%3A%2F%2Fpurl.obolibrary.org%2Fobo%2FMONDO_0100096

Ontology Lookup Service 
(OLS)

A repository for biomedical 
ontologies that aims to 
provide a single point of 
access to the latest 
ontology versions.



Curation improves findability

Disease
NCIT_C7034

Skin disease
NCIT_C3371

Psoriasis
NCIT_C3346

OLS

ZOOMA 
Ontology mapping & Expansion

“Severe psoraisis”

“Severe psoriasis”

Curami
Curation pipeline

BioSamples Database Record

Is a 

Is a 

          Query: “skin disease”



Ontology powered search expansion



Ontology powered search expansion

Search “cancer” 
expands to 
“leukemia”



Curation improves findability

Over 8.6M COVID samples 
recorded to date

One of the most 
comprehensive search systems 
for Covid-19 data in the world.

https://www.ebi.ac.uk/biosamples/samples?text=NCBITaxon_2697049



Curation improves findability

Over 8.6M COVID samples 
recorded to date

One of the most 
comprehensive search systems 
for Covid-19 data in the world.

https://www.ebi.ac.uk/biosamples/samples?text=NCBITaxon_2697049



Data export standards

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

Which format for interoperable 
phenotype data?

- An open standard for sharing 
disease and phenotype information. 

- Represented as PXF (Phenotype 
Exchange Format) files, which may 
be encoded in JSON or YAML

BioSamples exports 35 million samples 
using shared community standard 
formats, and supports downloading as 
PXF files.

Data 
consumers



Tools for data standards
BioSamples also provides tools for 
checking data compliance through the 
data flow.



Data Management



Validation and semi-automatic curation
- Sharable and reusable checklists 

for consistent metadata 
representation

- Supporting community curation

Data deposition for collaborative  projects
- Easier submission process
- Adjust to community requirements

Interconnectivity across archives 
– Singe hosting place for sample metadata

- Linking sample, assay and publication

FAIRification processes

Data management 

Technical pillars

Biosamples “Layer Cake”
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Use Cases: Data Management

● Out-of-the-box sample management
● Integration with EBI search
● Integration with standards supported by ELIXIR 

(BioSchemas, AAI) and GA4GH (Phenopackets, DUO, 
GA4GH passports)

● Standardising sample:sample relationships (“derived from”, 
“child of”, “same as”)



Data Generation Lifecycle

[Meta]data 
planning

● [Meta]data standard 
specification

● Consensus amongst 
key stakeholders

[Meta]data 
collection

● Collection in a format 
that everyone 
understands

● Collection that meets the 
standard 

[Meta]data 
upload

● Upload service from 
data generator to 
storage platform 
(possibly staging)

[Meta]data 
brokering

● Submission of 
metadata and data 
files to final location

[Meta]data 
validation

● [Meta]data validated 
against the standard

● Experimental designs 
validated

● File formats validated



Current data sharing process

Time

Data management 
effort

Bespoke Project [Meta]data management: planning, collection, storage, validation, brokering

[Meta]data planning

[Meta]data collection

[Meta]data upload

[Meta]data validation

[Meta]data brokering
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management system 
(probably in excel)
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Current data sharing process

Time

Data management 
effort

Bespoke Project [Meta]data management: planning, collection, storage, validation, brokering

[Meta]data planning

[Meta]data collection

[Meta]data upload

[Meta]data validation

[Meta]data brokering

“Geekiest” person in the 
lab sets up data 

management system 
(probably in excel)

3 years of data generation...

Paper 
published

Comply with community 
standards as per journal 

requirements



Better data sharing process

[Meta]data planning

[Meta]data collection

[Meta]data upload

[Meta]data validation

[Meta]data brokering

Time

Data management 
effort

Adopt community 
standards at 
project start



Better data sharing process

[Meta]data planning

[Meta]data collection

[Meta]data upload

[Meta]data validation

[Meta]data brokering

Time

Data management 
effort

Adopt community 
standards at 
project start

Use existing data 
resources as data 

is generated



Better data sharing process

[Meta]data planning

[Meta]data collection

[Meta]data upload

[Meta]data validation

[Meta]data brokering

Time

Data management 
effort

Adopt community 
standards at 
project start

Use existing data 
resources as data 

is generated

“One click” 
brokering / 

release of data 
upon publication



Data standards

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

          Is the metadata 
sufficient for data reuse?

ENA sample checklists

Requirements on the 
minimum metadata expected 
to describe biological 
samples to meet the needs of 
different research 
communities. 

[Meta]data 
planning

[Meta]data 
upload

[Meta]data 
brokering

[Meta]data 
collection

[Meta]data 
validation



Drag and drop one step sample submission

[Meta]data 
planning

[Meta]data 
upload

[Meta]data 
brokering

[Meta]data 
collection

[Meta]data 
validation

- Non-programmatic 
submitters

- Both instant response and 
asynchronous submissions 
(for very large sets of 
samples)

- Select a checklist for 
validation during submission

- Currently supports ISA-TAB 
but more could be added



Metadata validation

BioSamples reuses the ENA sample 
checklists, validates samples against such 
checklists, and assigns certificates to valid 
sample records.

BioSamples Certification pipeline:  https://www.ebi.ac.uk/biosamples/docs/guides/certification
https://github.com/elixir-europe/json-schema-validator

Data 
owners

[Meta]data 
planning

[Meta]data 
upload

[Meta]data 
brokering

[Meta]data 
collection

[Meta]data 
validation

https://www.ebi.ac.uk/biosamples/docs/guides/certification
https://github.com/elixir-europe/json-schema-validator


• Mandatory validation against the 
BioSamples minimum checklist. 
(All samples MUST have 
organism)

• Finding samples by checklists
https://www.ebi.ac.uk/biosamples/
samples?filter=attr:checklist:BSD
C00001

   

Checklist validation for data consistency

[Meta]data 
planning

[Meta]data 
upload

[Meta]data 
brokering

[Meta]data 
collection

[Meta]data 
validation

https://www.ebi.ac.uk/biosamples/samples?filter=attr:checklist:BSDC00001
https://www.ebi.ac.uk/biosamples/samples?filter=attr:checklist:BSDC00001
https://www.ebi.ac.uk/biosamples/samples?filter=attr:checklist:BSDC00001


Shared checklists registry

- Development of 
JSON schema store 

- Integration with 
BioSamples

- MIAPPE and 
SARS-CoV-2 
checklists

[Meta]data 
planning

[Meta]data 
upload

[Meta]data 
brokering

[Meta]data 
collection

[Meta]data 
validation



Collaboration with other communities
BioSamples works with multiple communities to provide services, develop standards, build 
tools, and support their use cases.



Multiomics Data Integration



Validation and semi-automatic curation
- Sharable and reusable checklists 

for consistent metadata 
representation

- Supporting community curation

Data deposition for collaborative  projects
- Easier submission process
- Adjust to community requirements

Interconnectivity across archives 
– Singe hosting place for sample metadata

- Linking sample, assay and publication

FAIRification processes

Data management 

Multi-omics 
data integration

Technical pillars

Biosamples “Layer Cake”
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Use Cases: Multiomics Data Integration

● Generally: links between different data modalities, taken 
from the same samples, supports combinatorial analysis, 
including…
○ Host/pathogen interactions (EGA to ENA in e.g. covid)
○ Functional variation effects (ENA/EVA to ArrayExpress)
○ Single cell spatial analysis (ENA/ArrayExpress to e.g. 

BioImage archive)
○ Any other sequence analysis (ENA to BioStudies)
○ ...and many more



Example driver use case
Transcriptomics study
Project page in BioStudies, samples in BioSamples, sequence in 
ENA, experimental metadata to ArrayExpress. Spatial 
transcriptomics images in BioImage Archive. Project specific 
metadata schema in addition to archives checklists.



Linking metadata

Image credit: https://techdifferences.com/difference-between-data-and-metadata.html



Linking samples
Sample relationships

Image credit: https://www.taconic.com/taconic-insights/oncology-immuno-oncology/patient-derived-xenografts-a-critical-tool-for-oncology-research.html

Related patient-derived xenografts(PDX) samples https://www.ebi.ac.uk/biosamples/docs/guides/relationships



The journey of a SARS-Cov-2 sample

SARS-SoV-2 
sample 
collection

Sample metadata 
preparation 

Submission

Text curation Ontology 
annotation

Validation Sample 
relationship 

BioSamples COVID-19 
Sample collection:

89068 samples 
containing organism: SARS-CoV-2
by 20-10-2020

FAIRer sample 
metadata

COVID19 viral sample collection: 
https://www.ebi.ac.uk/biosamples/samples?text=NCBITaxon_2697049

data exchange
NCBI, SRA, ENA, 
DDBJ, EGA

https://www.ebi.ac.uk/biosamples/samples?text=NCBITaxon_2697049


A FAIRer SARS-Cov-2 sample 
Added values:

1. Linked to ontology terms and supporting 
ontology expansion search
e.g COVID-19 

1

https://www.ebi.ac.uk/biosamples/samples/SAMN16272508

https://www.ebi.ac.uk/biosamples/samples/SAMN16272508


A FAIRer SARS-Cov-2 sample 
Added values:

1. Linked to ontology terms and supporting 
ontology expansion search

2. Graph search supporting the explore 
relationships/interactions between samples 
and external entities

https://www.ebi.ac.uk/biosamples/samples/SAMN16272508

2

Viral sample A

Patient sample B

Patient 
sequencing 
data

Viral 
sequencing 
data

has data

has data

is derived from

1

https://www.ebi.ac.uk/biosamples/samples/SAMN16272508


A FAIRer SARS-Cov-2 sample 
Added values:

1. Linked to ontology terms and supporting 
ontology expansion search e.g COVID-19

2. Graph search supporting the explore 
relationships/interactions between samples 
and external entities

3. Validated against minimum information 
requirements

4. Exporting data in different formats

1

https://www.ebi.ac.uk/biosamples/samples/SAMN1627250
8

2

3

4

https://www.ebi.ac.uk/biosamples/samples/SAMN16272508
https://www.ebi.ac.uk/biosamples/samples/SAMN16272508


Search across archives

Viral sample

Viral genome data

Human 
sample

derived from

external 
links

external 
links

Human 
immunotyping data

           As a researcher, I want to find the immunotyping data of all lung samples from COVID19 
patients and corresponding genome sequencing data of the viral isolate, to study how the immune 
systems response to viral infection.

https://www.ebi.ac.uk/about/news/updates-from-data-resources/pathogens-portal-linked-dataset/ 

https://www.ebi.ac.uk/about/news/updates-from-data-resources/pathogens-portal-linked-dataset/


Covid-19 Sample Linking



Final thoughts



“Historical” Data Workflows

• Submitters interact with “target” archive (ENA)
• All data held in a single archive (e.g. ENA)
• Submissions systems, standards, storage, user interfaces all siloed
• Consumers interact with “branded” archive (ENA)

Submit to ENA Everything 
held in ENA Present via ENA



“Brokering” Data Workflows

• Submitters interact with “target” archive (ENA); samples are brokered
• Data held in two independent archives (ENA and BioSamples)
• Standards are aligned; storage systems are specialised; submissions 

systems and user interfaces remain siloed
• Consumers interact with “branded” archive (ENA); sample indexing is 

federated

Submit to ENA
Sequence 
held in ENA

Samples held 
in BSD

Present via ENA



“Coordinated” Data Workflows into the Future

• Submitters - and their initiatives - can establish more direct control over standards
• Submitters are required to do some specialist data coordination
• Data and metadata held in specialised systems and interlinked (Biostudies, 

BioSamples, ENA)
• Standards are aligned; submission, storage systems and consumer interfaces are 

all specialised

Submit to 
Biostudies

Samples held 
in BSD

Studies held 
in Biostudies

Submit to BSD

Sequence 
held in ENASubmit to ENA

Present via a 
specific portal



BioSamples Looking Forward 
           BioSamples as a data broker

○ Single repository for samples metadata
○ Connectivity between archives

■ Embedding sample ID generation into submission pipelines
■ Linking at submission time
■ Importing inter-archive links 

           BioSamples supporting the communities
○ Search: Graph search, case insensitive search /filtering, ontology based search, advanced 

search/filtering UI
○ Curation: Curation provenance model
○ Checklists: Checklist versioning

Technical infrastructure for better findability, availability and reliability
○ Solr upgrade
○ Service partitioning
○ Defining SLO and error budgets for critical APIs
○ Improve API monitoring

Refined at annual “Samples Day” Events
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