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- FAIRtracks interoperability story



Genomic tracks

Any genomic data file mapped to a 
reference genome coordinate system!
- Not only for visual analysis! 

Genome
• Gene regions, repeating elements, conserved regions


• Chromatin accessibility (e.g., DNase I Hypersensitivity)


• Binding of Transcription Factors to DNA


• Histone modifications along DNA


• Gene expression, Gene fusion, Transcription start sites 
(TSS)


• Cis-regulatory elements (promoters, enhancers...) 


• DNA methylation


• 3D genome structure


• GWAS SNPs for disease, SNVs and CNVs in cancer




Important goals for FAIRtracksFAIR:	issues	and	lacking	features	for	genomic	track	data	and	metadata	

• Global	identifiers	for	track	files,	as	well	as	track	collections,	studies,	samples,	and	
experiments	

• Search	and	import	of	individual	track	files	across	repositories,	also	repositories	not	
supported	by	consortia	data	portals	

• Search	using	formal	(non-free-text)	queries	

• Easy	(automated)	retrieval	of	track	data	

• Persistence	of	track	data	and	versioned	metadata	

• Lack	of	standard	metadata	model	with	practically	useful	attributes	

• Annotation	using	community-accepted	vocabularies/ontologies	

• Cross-references	to	records	in	relevant	(meta)data	repositories	

• Support	for	detailed	context-specific	metadata	content	together	with	standardised	
summary	attributes	

• Simple	process	for	data	providers	to	submit	data	and	metadata	that	at	the	same	time	
accommodates	the	required	stringency	for	(automated)	downstream	usability	

• Easily	available	data	usage	licenses	

• Detailed	provenance	of	experimental	and	in	silico	analysis	steps

Findable

Accessible

Interoperable

Reusable
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FAIRtracks

(tool assembly)

• Represents a 
secondary 
iteration of the 
data life cycle 
(as defined in 
RDMkit)


• FAIRtracks 
(more-or-less) 
begins when 
the primary 
data life cycle 
ends



Tool integration

• TrackFind client implemented in GSuite 
HyperBrowser:

• https://hyperbrowser.uio.no/trackfind_test 

(search for tool "trackfind")


• JSON and GSuite (http://gtrack.no) 
formats as metadata / search result 
exchange format


• Search results can be transferred to the 
HyperBrowser server, preprocessed, 
and used in statistical analyses


• Integration into vanilla Galaxy under 
development

https://hyperbrowser.uio.no/trackfind_test
http://gtrack.no


Tool integration

• Analysis example

• Sites of open chromatin for 

various cell types from 
BLUEPRINT (DNaseI HS)


• Set of variants associated 
with Multiple Sclerosis (MS)


• Which cell types are most 
relevant to MS? (i.e., where 
do the variants overlap the 
most with open chromatin?)



Identifiers for genomic tracks?

• Should there be globally unique, persistent identifiers for genomic track files 
(e.g. BigBED/BigWIG, VCF, etc) 

• No such thing exists, but we highly recommend that they should be created 
and indexed 

• Also, identifiers for track collections would be very useful

• Would easily FAIRify "Mix-and-match" track file collections analysed in particular research 

papers, if the track files are already FAIRified



Updates
• ELIXIR Recommended 

Interoperability Resource 2021


• Manuscript published Apr 2021


• Invited blog post in F1000Research 
published Dec 2021


• New web site published 2022:  
https://fairtracks.net

https://fairtracks.net


Projects / collaborations

• Galaxy implementation study (2021-2023)

• Task 1.4. Enhanced metadata functionality in Galaxy to support querying and importing of FAIRtracks-annotated 

genomic track data

• Implement TrackFind client as a Galaxy tool

• Idea: associate FAIRtracks metadata with data as a Galaxy dataset/collection, keeping this relation through 

downstream analysis steps

• Investigate RO-Crate integration


• RDA TIGER (HORIZON-INFRA-2022-EOSC-01-04)

•  RDA/EOSC project started Jan 2023

• Demonstrator Working Group for RDA TIGER (pre-approved, but still need to apply)


• Goal is to integrate metadata from (at least) Functional Annotation of ANimal Genomes (FAANG) into 
FAIRtracks, and also expand tool interoperability

• Some funding available

• More importantly: door-opener into both RDA and EOSC

https://trackfind.elixir.no/


Literary digression: omnify

"Notes on Jeremy Taylor",
The Literary Remains Of Samuel Taylor Coleridge,
by Samuel Taylor Coleridge
Publication date: 1836-1839

• One of the most obscure 
words in the English 
language:



(note: draft image! 😁 )



Rerunnable 
metadata 

transformation 
workflows?

Data portals

Custom 
metadata 
schemas:

ENCODE
FAANG
TCGA
ICSC
IHEC

…

Metadata exchange 
standard
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Data portals

Custom 
metadata 
schemas:

ENCODE
FAANG
TCGA
ICSC
IHEC

…

Metadata exchange 
standard

SEEK

ISA Data 
model

ENA
ENA

ISA JSON to ENA XML conversion 
(Biohackaton 2022 project)



Data portals

Custom 
metadata 
schemas:

ENCODE
FAANG
TCGA
ICSC
IHEC

…

Metadata exchange 
standard

ENA

Any
data 

model
ENA

Any
data 

model

Any data/metadata 
transformation 

workflow

ISA-
JSON ENA

ENA
XML



Reusable metadata ETL modules 
Extract Transform Load

Data 
repository 

API 
clients

GA4GH
Data 

Connect

File 
importers

(e.g. Excel)

Relational 
database
dumps

Data 
repository 

API 
clients

Data 
repository

submission
APIs

File 
exporters

(not Excel!)

Relational
database
dumps

GA4GH 
Data 

Connect

JSON 
cleanup

Database 
normalization

(1NF, 2NF, 
3NF)

Data model 
mapping

Table 
transformations

Batch 
curation 
across
records Ontology 

term 
mapping

Ontology 
term 

conversion Validation 
towards 

destination 
schema



Parse, don't validate!

• Alexis King: "Parse, don’t validate" (2019 blog 
post)

• Blog: https://lexi-lambda.github.io/blog/2019/11/05/

parse-don-t-validate/


• Step-wise parsers munge the data to conform to 
schema/data model restrictions


• Allow for some variation in data input, with 
automatic type conversion


• Gradually improve structure of data

Data

Validator

True / False

Less structured data

Parser

More structured data 
w/ model in data type

Model



                           v 2.0  - Orion
• Python-based dynamic orchestration engine


• Fully Open Source: Apache 2.0 license  

• Dynamically registered, DAG-free workflows:

• Supports if/for/while statements

• Dynamic branching logic depending on runtime conditions


• Code as workflows:

• No need to specify task and workflow parameters outside of normal code

• Debug locally, run remotely using the same source code

• Use tools you might already know, including:


• Pydantic, FastAPI, RRule, Sqlite, asyncio, Dask, ...


• Rules engine:

• State-based orchestration engine, with API separation

• GUI Dashboard to administrer workflow runs


• A bunch of pre-built integrations:

• data sources/destinations (GitHub, PostgreSQL, Jupyter notebooks, etc.) 
• deployment options (Docker, Kubernetes, cloud storage, etc.)

Simple Prefect workflow with two tasks  
(from https://orion-docs.prefect.io/tutorials/first-steps/#run-a-basic-flow-with-tasks)



Develop, inspect and deploy directly from IDE



Prefect orchestration GUI for local and remote deployment



More information on Omnipy

• Check out the newly launched redesign of the 
FAIRtracks website:

• https://fairtracks.net


• Specifically:

• https://fairtracks.net/fair/#fair-07-transformation


• GitHub repo:

• https://github.com/fairtracks/omnipy

https://fairtracks.net
https://fairtracks.net
https://github.com/fairtracks/omnipy


Collaboration

We have limited development resources and are aiming for FAIRtracks to 
become a community endeavor!


We are planning a BioHackathon project on expanding to Omnipy and are 
looking for collaborators, e.g. to integrate other resources or standards into 
Omnipy or to use Omnipy to set up metadata transformation.

We are interested in any types of contributions & collaborations!


Please contact us at: fairtracks@elixir.no

mailto:fairtracks@elixir.no
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Table 1: Some preliminary guidelines that will evolve into more clearly defined 
recommendations for genomic track metadata

➔ Follow the FAIR principles.

➔ Build on existing standards: Epigenome Reference Registry (EpiRR), International 
Human Epigenome Consortium (IHEC), and others.

➔ Contain globally unique and persistent identifiers of both the metadata and the data.

➔ Support traceability from a genomic track to its metadata and the supporting raw 
data, and from the metadata to the processing steps needed to obtain the genomic 
track.

➔ Define minimal metadata attributes from common user/tool needs (e.g., cell type, 
type of data, file format, reference genome version).

➔ Handle upper/lowercase characters properly.

➔ Accept only values according to existing ontologies and databases.

➔ Take steps towards removing redundancy in metadata entries.

➔ Define mandatory validation routines.

➔ Support universally implementable protocols.

Work packages and timeline

FAIRification of Genomic Tracks
– an ELIXIR Implementation Study

FAIR track metadata -  This Implementation Study aims to advance the application of FAIR principles to metadata for human genomic tracks by developing recommendations for 
metadata, to apply the recommendations to tracks from selected hubs associated with the Ensembl TrackHub Registry, to implement a track search service that integrates metadata 
from different track hubs, and to test the implementation with selected track-oriented analytical tools (GSuite HyperBrowser and EPICO). The recommendations will form a basis for 
developing a standard for metadata on genomic tracks.

Background
Many types of data from pipeline analyses can be represented as genomic tracks, i.e. features 
linked to the genomic coordinates of a reference genome. Examples of such data are epigenetic 
DNA methylation data; ChIP-seq peaks; germline or somatic variants; or RNA-seq expression 
levels. Researchers often face difficulties in locating, accessing and combining relevant tracks from 
various sources, as well as locating the raw data. 

Description of Work
This Implementation Study will advance the application of FAIR Data Principles, which stands for 
data being Findable, Accessible, Interoperable, and Reusable, for producing searchable metadata 
for human genomic tracks. Findability and Accessibility of metadata will be ensured by a track 
search service that integrates metadata from various track hubs. Interoperability and Reusability 
will be ensured by the specification and application of a basic set of recommendations for 
metadata, and tested by integrating the service with relevant analytical tools.

Standards: Basic definition
A focus of this study will be to develop a set of recommendations that will improve the practicality 
of both automated and manual use of track metadata. Table 1 shows some preliminary guidelines 
that will evolve into more clearly defined recommendations.

Data side application
The accessibility of metadata will be ensured by the Ensembl TrackHub Registry 
(https://trackhubregistry.org, supported by EMBL-EBI), which links to a range of track repositories. 
As the registry faithfully conveys metadata as entered at the submission stage, there is a need for 
automated metadata curation. As a proof-of-concept, we will create a pilot curated data collection 
from the BLUEPRINT project, through participation from EMBL-EBI and ELIXIR-ES. Also, new APIs 
for search and retrieval of data and metadata will be offered through the registry. 

Central track search service
We will implement a track search service, based upon an existing prototype developed by 
ELIXIR-NO at UiO (see http://bit.ly/fairtrackfind), which will integrate with data sources that 
comply to the recommendations. Also, the service will support ad hoc mappings and modifications 
of metadata for non-complying and historical data sources, something we believe will greatly 
improve the relevance for the end user from day one.

Integration with track-based analytical tools
The relevance of the implementation study will be demonstrated through an active use of the 
recommendations and the track search service from existing track-based analytical tools, the 
GSuite HyperBrowser and EPICO. The GSuite HyperBrowser (one of the main services from 
ELIXIR-NO) is a general-purpose web-based platform for statistical analysis of track data, built 
upon the Galaxy framework. EPICO (ELIXIR-ES) is an open-access reference set of libraries and 
APIs to develop comparative epigenomic data portals, as well as to validate them against the 
defined ontologies.

Outlook
The initial outcome of the implementation study will be presented in an ELIXIR webinar and 
communicated at the ELIXIR All Hands meeting. We will write and submit a manuscript describing 
the proposed standard and its implementation. A successful realization will result in a working 
solution throughout the chain from the data provider to the analytical tools. We aim for carrying 
out a first iteration of development that will form the basis for future refinements, with the 
long-term goal of a universal adoption by relevant communities.

Overview


