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Genomics 
has seen 

massive and 
ongoing 

changes in 
technology
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THE OPPORTUNITY...
If we leverage the pandemic emphasis on 
infectious-disease data sharing and enable 
secondary use of clinical genomic data for 
research, we will fast approach a virtual cohort of 
>60 million samples.
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Clinical/Genomic 
Medicine Research National Cohorts

200+ genomic data initiatives globally
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Global Genomic Data Sharing Can...

Increase statistical 
significance of 

analyses

Advance 
precision 
medicine

Increase 
accurate 
diagnosis

Lead to 
“stronger” variant 

interpretations

Demonstrate 
patterns in health 

& disease
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Different Approaches to Data Sharing

Centralized Genomic 
Knowledge Bases

Data Commons 
Trusted, controlled 

repository of multiple 
datasets

Hub and Spoke 
Common data elements, 
access, and usage rules

Linkage of distributed 
and disparate datasets

European 
Genome-
Phenome 
Archive 
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Theoretical Cytogenetics and Oncogenomics 
Research | Methods | Standards

Genomic Imbalances in Cancer - Copy Number Variations (CNV)

• Point mutations (insertions, deletions, substitutions)

• Chromosomal rearrangements

• Regional Copy Number Alterations (losses, gains)

• Epigenetic changes (e.g. DNA methylation 
abnormalities)

MYCN amplification in neuroblastoma 
(GSM314026,  SJNB8_N cell line)2-event, homozygous deletion in a Glioblastoma



Cancer Genomics Reference Resource

• open resource for oncogenomic profiles


• over 116'000 cancer CNV profiles


• more than 800 diagnostic types 
• inclusion of reference datasets (e.g. TCGA)

• standardized encodings (e.g. NCIt, ICD-O 3)

• identifier mapping for PMID, GEO, Cellosaurus, 

TCGA, cBioPortal where appropriate

• core clinical data (TNM, sex, survival ...)

• data mapping services

• recent addition of SNV data for some series

progenetix.org
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Example Use of Progenetix Data
Inter-tumoral CNV pattern similarity

Mostly Carcinoma and Adenocarcinoma in different organs



Cancer Genomics Reference Resource
• starting from >5000 cell line CNV 

profiles

‣ 5754 samples | 2163 cell lines

‣ 256 different NCIT codes


• genomic mapping of annotated 
variants and additional data from 
several resources (ClinVar, CCLE, 
Cellosaurus...)

‣ 16178 cell lines

‣ 400 different NCIT codes


• query and data delivery through 
Beacon v2 API


➡ integration in data federation 
approaches

Cancer Cell Lines

cancercelllines.org
Lead: Rahel Paloots

https://www.biorxiv.org/content/10.1101/2023.12.12.571281v1


Where Does Cancer Genomic Data Come From?
Geographic bias in published cancer genome profiling studies

Map of the geographic distribution (by first author affiliation) of the 104'543 genomic array, 
36'766 chromosomal CGH and 15'409 whole genome/exome based cancer genome datasets. 
The numbers are derived from the 3'240 publications registered in the Progenetix database.
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Long term secure archive for human biomedical 
research sensitive data, with focus on reuse of 
the data for further research (or “broad and 
responsible use of genomic data”)

The EGA

Slide: adapted from Jordi Rambla@ GA4GH 2023

European 
Genome-
Phenome 
Archive 



The EGA
• EGA “owns” nothing; data controllers tell 

who is authorized to access their datasets 
• EGA admins provide smooth “all or 

nothing" data sharing process

4,328 Studies released 

10,470 Datasets 

2,309 Data Access Committees

Slide: adapted from Jordi Rambla@ GA4GH 2023

European 
Genome-
Phenome 
Archive 
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Swiss Personalized Health Network I Dr Katrin Crameri

The Swiss Personalized Health Network 

October 2023 19

SPHN Data Coordination Center (DCC) 
BioMedIT Network

Personalized Health  
Informatics Group
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Since data is distributed globally, we need interoperable 
standards to answer research questions
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Federation
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• Respect Individuals, Families and Communities 

• Advance Research and Scientific Knowledge 

• Promote Health, Wellbeing and the  
Fair Distribution of Benefits 

• Foster Trust, Integrity and Reciprocity

FOUNDATIONAL PRINCIPLES

• Foster responsible data sharing  
• Protect and promote the welfare, rights, and interests 

of groups and individuals who donate their data 
• Provide benchmarks for accountability 
• Establish a framework for greater international data 

sharing, cooperation, collaboration, and governance

AIMS OF THE FRAMEWORK

Framework for Responsible Sharing of 
Genomics and Health-Related Data 

ga4gh.org/framework

Universal Declaration  
of Human Rights (1948)

“The Right 
to Science”27(1) “The Right 

to Recognition”27(2)

Translated into 
14 languages
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2013 2015 2017 2019

2014 2016 2018 2020 2022

GA4GH timeline

Pre-launch Building momentum GA4GH Connect

73 partners 
sign a letter 
of intent to 

form an 
alliance

Formal launch of GA4GH 

Published Framework for Responsible Sharing of Genomic 
and Health-Related Data 

Formed four working groups 

Developed three demonstration projects

Launch of GA4GH Connect and 
Strategic Roadmap 

Formation of new organizational 
structure consisting of eight Work 
Streams and over twenty Driver 

Projects

2021

Gap analysis

Gap analysis identifies three 
community imperatives

Interoperability and 
alignment

Implementation 
support

Engaging with healthcare 
and  
clinical standards

Strategic Refresh

Strategic refresh 
introduces updates to 
GA4GH to better meet 
the three community 

imperatives

2024

2023

GA4GH 2nd Plenary 
San Diego, USA

GA4GH 1st Plenary 
London, UK

GA4GH 3rd Plenary 
Leiden, Netherlands

GA4GH 4th Plenary 
Vancouver, Canada

GA4GH 5th Plenary 
Orlando, USA

GA4GH 6th Plenary 
Basel, Switzerland

GA4GH 7th Plenary 
Boston, USA

GA4GH 8th Plenary 
Virtual

GA4GH 9th Plenary 
Virtual

GA4GH 10th Plenary 
Barcelona, Spain

GA4GH 11th 
Plenary 

San Francisco, USA
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Our funders, partners, and Driver Projects

Core Funders Host Institutions

Driver Projects

Strategic Partner

Supporting Funders

Assigned Expert Funders/Employers

GDI is funded by the European Commission under the Digital Europe Programme under grant agreement number 101081813 and through co-funding from participating Member States.

NHLBI BioData 
Catalyst®
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Alignment with other standards organizations

Research Clinical research Clinical care

TC276 TC215/ 
SC1
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Host Institutions

Toronto, Canada

OICR is a 
collaborative 

research institute 
that conducts and 

enables high-
impact translational 

cancer research.

The Wellcome 
Sanger Institute is 
a world leader in 
genome research 
delivering insights 

into human and 
pathogen biology.

The Broad Institute 
seeks to narrow 
the gap between 

new biological 
insights and impact 

for patients by 
fulfilling the 
promise of 

genomic medicine.

EMBL-EBI provides 
the infrastructure 
needed to share 

data openly in life 
sciences to make 
discoveries that 

benefit humankind.

Hinxton, UK Cambridge, USA Hinxton, UK

The Victor Phillip 
Dahdaleh Institute 

of Genomic 
Medicine applies 

genomic 
innovation to pave 
the way towards a 

healthier, more 
sustainable, and 
informed future.

Montreal, Canada
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How GA4GH works
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10 new GA4GH Driver Projects in 2024

Biomedical Research Hub imCORE® EOSC4Cancer Genomic Data Infrastructure Human Pangenome Project

International Precision 
Child Health Partnership

Repository of the International 
Fetal Genomics Consortium

Qatar Genome Program NIH Cloud Platform 
Interoperability effort

NHLBI BioData 
Catalyst®

GDI is funded by the European Commission under the Digital Europe Programme under grant agreement number 101081813 and through co-funding from participating Member States.

NHLBI 
BioData 

Catalyst®
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Domain-specific groups promoting global cooperation, data sharing and collaborative research through 
identifying the need for new standards, and implementing existing GA4GH standards.

GA4GH Communities of Interest

Cancer Infectious Disease Rare Disease

Opportunities 
for collaboration

Learn from others’ 
implementations

Develop a 
study group

Propose a 
GIF project

Clinical LaboratoryNeuroscience





ga4gh.org

A New Paradigm for Data Sharing

Data Copying Data Visiting

FROM TO

STANDARDS
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Overview of GA4GH standards and frameworks
Approved Ongoing
In DevelopmentClin/Pheno Data Capture

Cloud

Discovery

Data Security

Data Use & Researcher Identity

Genomic Knowledge Standards

Large Scale Genomics

Regulatory & Ethics

Phenopackets Pedigree 
Representation

Workflow Execution 
Service 

Data Repository 
Service 

Cloud Testbed 
Interoperability

Task Execution 
Service

Tool Registry 
Service

Data 
Connect Beacon Service Info

Cloud Security 
& Privacy

Authentication & 
Authorization 
Infrastructure

Data Use Ontology GA4GH Passports

Variation 
Annotation

Variation 
Representation

htsget API refget API rnaget APICrypt4GHSAM/BAM/ 
CRAM VCF

GDPR 
Forum

Consent 
Toolkit

Data Security 
Infrastructure Policy

Framework for 
responsible data 
sharing 

20+ other policy 
tools/frameworks

Service Registry

Risk 
Assessment

Bad Actors in Research 
Environments

Machine Readable 
Consent Guidance

BED File 
Format

Cohort 
Representation

Sequence 
Annotation

Public Attitudes for 
genomic policy

Data Access Committee 
Review Standards Toolkit

Genetic 
Discrimination 
Toolkit
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Phenopackets v2

Phenopackets is a standard schema for sharing phenotypic information. 

Approved: June 24, 2021

Example Users Genes Phenotypes

VCF PXFGFF

NE
W

BED



ga4gh.org

VCF/BCF

The Variant Call Format (VCF) specifies the format of a text file used in bioinformatics 
for storing gene sequence variations. The Binary Call Format (BCF) is the Binary 
equivalent, smaller and more efficient to process.

Example  
Users

Software Libraries: htslib | htsjdk 

Tools: Samtools | BCFtools 

Databases: European Variation Archive (EVA) | dbGAP | dbSNP | 1000 Genomes Projects / IGSR 

Genome Browsers: ENSEMBL | JBrowse | UCSC Genome Browser 

http://www.htslib.org/
https://samtools.github.io/htsjdk/
http://www.htslib.org/
https://samtools.github.io/bcftools/bcftools.html
https://www.ebi.ac.uk/eva/
https://www.ncbi.nlm.nih.gov/gap
https://www.ncbi.nlm.nih.gov/snp
http://www.internationalgenome.org/data-portal/sample
https://www.ensembl.org/
https://jbrowse.org/
https://genome.ucsc.edu/
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CRAM

CRAM is a file format for storing compressed genomic data. To make files small and 
efficient, the algorithm compresses information by only storing the parts that are 
different from the reference human genome.

CRAM compresses data by only storing the difference.



The GA4GH Beacon Protocol
Federating Genomic Discoveries



17 : 7577121 G > A

A Beacon answers a query for a specific genome 
variant against individual or aggregate genome 

collections 
YES | NO | \0



17 : 7577121 G > A

Have you seen this variant? 
It came up in my patient 
and we don't know if this is 
a common SNP or worth 
following up.

Here: The variant has 
been found in few 
resources, and those 
are from disease 
specific collections.

A Beacon network federates 
genome variant queries 
across databases that 

support the Beacon API



Figure 2: Global federated network for genomic information discovery and sharing. 
 

 

Beacon Project in 2016
An open web service that tests the willingness of international sites to share genetic data.

	 35+	 	  90+		 200+          100K+
         Organizations       Beacons         Datasets             Individuals



2014

2015

2016

2017

2018

2019

2020

2021

2022

Beacon v1 Development Beacon v2 Development Related ...

GA4GH founding event; Jim Ostell proposes Beacon concept including "more features ... version 2"

• Beacon hackathon Stockholm; settling on "filters"

• Barcelona goes Zurich developers meeting

• Beacon API v2 Kick off 

• adopting "handover" concept

• Beacon v0.3 release

• work on queries for structural variants (brackets for fuzzy 

start and end parameters...)

• Beacon v0.4 release in January; feature release for 
GA4GH approval process


• GA4GH Beacon v1 approved at Oct plenary
• new Beacon website (March)

• further changes esp. in default model, aligning with 
Phenopackets and VRS


• unified beacon-v2 code & docs repository

• Beacon v2 approved at Apr GA4GH Connect

• docs.genomebeacons.org

• framework + models concept implemented

• range and bracket queries, variant length parameters

• starting of GA4GH review process

• Beacon publication at Nature 
Biotechnology

• "Scouts" teams working on different aspects - filters, 
genomic variants, compliance ...


• discussions w/ clinical stakeholders

• ELIXIR Beacon Network

• Beacon+ concept implemented on progenetix.org

• concepts from GA4GH Metadata (ontologies…)

• entity-scoped query parameters ("individual.age")

• GA4GH re-structuring 
(workstreams...)


• Beacon part of Discovery WS
• Beacon+ demos "handover" concept

• ELIXIR starts Beacon project support• beacon-network.org aggregator created by DNAstack

• OpenAPI implementation

• integrating CNV parameters (e.g. "startMin, statMax")

• Phenopackets v2 approved



Beacon v2

IndividualsBiosamples

Runs

Analyses

Genomic Variations

Datasets

Cohorts

Beacon 
Framework 
(protocol)

Beacon Model

docs.genomebeacons.org 

http://docs.genomebeacons.org


Beacon Security
Security by Design ... if Implemented in 
the Environment

• the beacon API specification does not implement explicit security (e.g. checking 
user authentication and authorization) 

• the framework implements different levels of response granularity which can be 
mapped to authorization levels (boolean / count / record level responses) 

• implementations can have beacons running in secure environments with a 
gatekeeper service  managing authentication and autorization levels, and 
potentially can filter responses for escalated levels 

• the backend can implement additional access reduction, on a user <-> dataset 
level if needed



CDKN2A:DEL 
size<1Mb 

granularity:record 
ncit:C3058 
DUO:0000004 
HP:0003621

Can you provide data 
about focal deletions in 

CDKN2A in Glioblastomas 
from juvenile patients with 

unrestricted access?

The Beacon API v2 
represents a simple but 

powerful genomics 
API for federated data 
discovery and retrieval 

Beacon v2 API



Range ("anything goes") Request

• defined through the use of 1 start, 1 end 
• any variant... but can be limited by type etc.

Variation Queries



Bracket ("CNV") Query

• defined through the use of 2 start, 2 end 
• any contiguous variant...

Variation Queries



Example: Use of hierarchical classification 
systems (here NCIt neoplasm core)

• Beacon v2 relies heavily on "filters"

• ontology term / CURIE

• alphanumeric

• custom


• Beacon v2 "filters" assumes inclusion of 
child terms when using hierarchical 
classifications

➡ implicit OR with otherwise assumed AND 

• implementation of hierarchical annotations 
overcomes some limitations of "fuzzy" 
disease annotations

Beacon v2 Filters Beacon+ specific: Multiple term selection with OR logic

progenet x



Beacon Default v2 Model
• The Beacon framework describes the overall structure of 

the API requests, responses, parameters, the common 
components, etc.


• Beacon models describe the set of concepts included in a 
Beacon, like individual or biosample, and also the 
relationships between them.


• Besides logical concepts, the Beacon models represent the 
schemas for data delivery in “record” granularity


• Beacon explicitly allows the use of other models besides its 
version specific default.


• Adherence to a shared model empowers federation 


• Use of the framework w/ different models extends adoption



Implementing Beacon v2
... its just code ¯\_(ツ)_/¯ 



bycon for  GA4GH Beacon
Implementation driven development of a GA4GH standard

progenet x



Implementation driven standards development

• Progenetix' Beacon+ has served as 
implementation driver since 2016


• the bycon package is used to prototype 
advanced Beacon features such as


➡ structural variant queries 

➡ data handovers 

➡ Phenopackets integration 

➡ variant co-occurrences 

➡ ...

bycon Beacon
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bycon based Progenetix Stack

variants analyses biosamples individuals collations geolocs genespans publications qBuffer

• collations contain pre-computed data (e.g. 
CNV frequencies, statistics) and information 
for all grouping entity instances and 
correspond to filter values

‣ PMID:10027410, NCIT:C3222, pgx:cohort-

TCGA, pgx:icdom-94703…


• querybuffer stores id values of all entities 
matched by a query and provides the 
corresponding access handle for handover 
generation 

• JavaScript front-end is populated for query 
results using asynchronous access to multiple 
handover objects

‣ biosamples and variants tables, CNV histogram, 

UCSC .bed loader, .pgxseg variant downloads…


• the complete middleware / CGI stack is 
provided through the bycon package

‣ schemas, query stack, data transformation (e.g. 

Phenopackets generation)…


• data collections mostly correspond to the 
main Beacon default model entities

‣ no separate runs collection; integrated w/ 

analyses


‣ variants are stored per observation instance

progenet x

Entity collections Utility collections



Beacon v2 Conformity and Extensions in bycon
Putting the + into Beacon ...

• support & use of standard Beacon v2 PUT & GET variant queries, filters and meta parameters 
➡variant parameters, geneId, lengths, EFO & VCF CNV types, pagination 

➡widespread, self-scoping filter use for bio-, technical- and and id parameters with switch for descending 
terms use (globally or per term if using POST) 

• extensive use of handovers 
➡asynchronous delivery of e.g. variant and sample data, data plots 

• + optional use of OR logic for filter combinations (global) 

• + extension of query parameters 
➡geographic queries incl. $geonear and use of GeoJSON in schemas 

• ╮(╯▽╰)╭ no implementation of authentication on this open dataset progenet x

bycon provides a number of 
additional services and output 

formats which are initiated over the /
services path or provided as request 
parameters and are not considered 

Beacon extensions (though they 
follow the syntax where possible).



Beacon+: Phenopackets
Testing alternative response schemas...

• the v2 default schemas are mostly 
aligned w/ Phenopackets v2 

• creating phenopackets can be 
done mostly by re-wrapping of 
Beacon entities (individual, 
biosample) 

• variants can be included through 
file resource URLs; in Beacon+ this 
is done through ad hoc handover 
URIs

progenet x

http://progenetix.org/beacon/phenopackets/pgxind-kftx26j0



bycon.progenetix.org 
github.com/progenetix/bycon/

bycon.progenetix.org 
github.com/progenetix/bycon/

beaconplus.progenetix.org 
.../progenetix/beaconplus-web/



GitHub: https://github.com/progenetix/pgxRpi Bioconductor 

An interface API for analyzing Progenetix CNV data in R using the Beacon+ API
pgxRpi



An interface API for analyzing Progenetix CNV data in R using the Beacon+ API
pgxRpi



What Can You Do?
• Patient provided data is valuable - but 

only if it can be discovered


• Doctors are curators and stewards of 
information about their patients


• Rare diseases: identify and learn from 
related cases & help patients to find a 
community


• Cancer: Learn from data clusters 
emerging from large collections and 
transversal analyses

CDKN2A:DEL 
size<1Mb 

granularity:record 
ncit:C3058 
DUO:0000004 
HP:0003621



What Can You Do?

"Internet of Genomics"

CDKN2A:DEL 
size<1Mb 

granularity:record 
ncit:C3058 
DUO:0000004 
HP:0003621

• find a way to make your (patients') 
data discoverable - through adding 
at least the relevant metadata to 
national or project centric repositories


• use forward looking consent and data 
protection models (ORD principle "as 
secure as necessary, as open as 
possible")


• support and/or get involved with 
international data standards efforts 
and project
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