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Genomics 
has seen 

massive and 
ongoing 

changes in 
technology
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Clinical/Genomic

Medicine Research National Cohorts

200+ Genomic Data Initiatives Globally
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How Many Genomes?

HEALTHCARE CLINICAL TRIALS COHORTS

60M individuals

132.5M sequences

2.7-3M individuals 140M individuals

RESEARCH

How Many Genomes?
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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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Since data is distributed globally, we need interoperable 
standards to answer research questions



GA4GH API promotes sharing  

G
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GA4GH Timeline

2012 202020162014 2018

Pre-Launch

GA4GH conceived at first 
meeting in New York 


White Paper published 
on the need for genomic 

data sharing

Building Momentum

Formal launch of GA4GH


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


Formed four working groups


Developed three demonstration projects


GA4GH Connect

Launch of “GA4GH Connect” and 
Strategic Roadmap


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

Projects


Approved over twenty standards and 
policies


Over fifty organizations implementing 
GA4GH standards

https://www.ga4gh.org/wp-content/uploads/White-Paper-June-3-final.pdf


The Global Alliance for Genomics and Health
Making genomic data accessible for research and health
• January 2013 - 50 participants from eight countries

• June 2013 - White Paper, over next year signed by 70 “founding” member institutions (e.g. SIB, UZH)

• March 2014 - Working group meeting in Hinxton & 1st plenary in London

• October 2014 - Plenary meeting, San Diego; interaction with ASHG meeting

• June 2015 - 3rd Plenary meeting, Leiden

• September 2015 - GA4GH at ASHG, Baltimore

• October 2015 - DWG / New York Genome Centre

• April 2016 - Global Workshop @ ICHG 2016, Kyoto

• October 2016 - 4th Plenary Meeting, Vancouver

• May 2017 - Strategy retreat, Hinxton

• October 2017 - 5th plenary, Orlando

• May 2018 - Vancouver

• October 2018 - 6th plenary, Basel

• May 2019 - GA4GH Connect, Hinxton

• October 2019 - 7th Plenary, Boston

• October 2020 - Virtual Plenary, June 2021 - Virtual Connect ...

• October 2021 - Virtual Plenary ...

• September 2022 - 10th Plenary, Barcelona
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3000+ 
Subscriber

s

90+ 
Countries

24 Driver  
Projects

8 Work  
Streams

20 Technical 
Standards

40+ 
Implementatio

ns &

Enabling the global 
learning health 

system

The GA4GH ecosystem and outputs

7 Regulatory 
Policies & 

Frameworks

450+ 
Active 

Participants

4000+ 
Subscribers

24 Driver  
Projects

8 Work  
Streams

23+ Technical 
Standards

15 Regulatory 
Policies & 

Frameworks

120+ 
Implementations 
& Deployments 

Enabling the global 
learning health 

system

2 major technical standard releases: 
Beacon v2 and BED v2

4 new regulatory and ethics policies 
and frameworks: DaCREs Policy, 
Pediatric Consent Clauses, Large Scale 
Initiatives Consent Clauses

Genetic Discrimination Information 
Document

60+ 
Publications

10 academic papers published

3000+ 
Subscriber

s

56 
Countries

650+ 
Organization

al 

670+ 
Organizational 

Members



ga4gh.org

Federation

Central Database
Basic research consented for 

data sharing

Aggregate data globally

Download, analyze locally

Secure Cloud

Aggregate data globally

Analyze centrally in secure cloud

Large scale research datasets


Data transmission Data VisitingUser

Federated Approach


Host data locally

Connecting national

genomics initiatives

Analyze data remotely and collate results

Results sent back to user
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Federation: a solution for data analysis

No data copying or 
transfer

Data can remain in original 
jurisdiction

Ownership and access 
control retained
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GA4GH Standards Development
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GA4GH Roadmap Development Process

2018 2019 2020 2021 2022 2023 2024

V1 ROADMAP

15 standards approved

GAP ANALYSIS V2 ROADMAP

Standards development

GAP ANALYSIS V3 ROADMAP

Standards development

8 in development Ongoing development work

Ongoing development work
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Findable Accessible Interoperable Reusable
● Beacon API

● Data Use Ontology

● refget API

● Search API

● Service Registry 

Prototype

● Tool Registry Service 

(TRS) API

● Authentication and 
Authorization 
Infrastructure


● Data Repository 
Service (DRS) API


● Data Use Ontology

● GA4GH Passports

● Phenopackets/FIHR

● Pedigree Representation

● Genetic variant file formats

● Read file formats

● RNAget API

● Crypt4GH

● Variant Annotation

● Variant Representation

● Task Execution Service (TES) 

API

● Testbed interoperability 

demonstration

● Tool Registry Service (TRS) 

API

● Workflow Execution Service 

(WES) API

● htsget streaming API

● refget API

● Variant Annotation

● Workflow Execution 

Service (WES) API

● Testbed 

interoperability 
demonstration

Strategic Roadmap Alignment to F.A.I.R. Principles
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Alignment with Other Standards Organizations

Research Clinical Research Clinical Care

TC276 TC215/

SC1
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GA4GH Work Streams

Clinical and Phenotypic 
Data Capture

Cloud Data Use and 
Researcher Identities

Discovery

Genomic Knowledge 
Standards

Large Scale 
Genomics

Regulatory and 
Ethics

Data Security
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GA4GH 2020-2022 Strategic Roadmap

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 API

Data Repository 
Service API

Cloud Testbed 
Interoperability

Task Execution 
Service

Tool Registry 
Service

Data 
Connect APIBeacon API Service Info

Cloud Security &

Privacy

Authentication & 
Authorization 
Infrastructure

Data Use Ontology GA4GH Passports

Variation 
Annotation

Variation 
Representation

htsget API refget API rnaget APICrypt4GHRead file 
formats

Variation 
File Formats

GDPR ForumPolicy Initiatives 

Data Security and 
Infrastructure Policy

Framework Responsible Data Sharing 
Resource Documents

Ethics Review Recognition, Accountability, Consent, Privacy & Security 
Technical Standards & IP, Return of Results

Service Registry

Risk

Assessment

Breach Response 
Protocol

Machine Readable 
Consent Guidance

BED File 
Format
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GA4GH 2020-2022 Strategic Roadmap

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 API

Data Repository 
Service API

Cloud Testbed 
Interoperability

Task Execution 
Service

Tool Registry 
Service

Data 
Connect APIBeacon API Service Info

Cloud Security &

Privacy

Authentication & 
Authorization 
Infrastructure

Data Use Ontology GA4GH Passports

Variation 
Annotation

Variation 
Representation

htsget API refget API rnaget APICrypt4GHRead file 
formats

Variation 
File Formats

GDPR ForumPolicy Initiatives 

Data Security and 
Infrastructure Policy

Framework Responsible Data Sharing 
Resource Documents

Ethics Review Recognition, Accountability, Consent, Privacy & Security Technical 
Standards & IP, Return of Results

Service Registry

Risk

Assessment

Breach Response 
Protocol

Machine Readable 
Consent Guidance

BED File 
Format
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Clinical & Phenotypic Data Capture Work Stream

Support clinical adoption of genomics through 
information models and standards for describing and 
exchanging clinical phenotypes.


Standardize exchange 
formats for representing 

clinical data and describing 
clinical phenotypes.

Proposed Solution GA4GH Deliverables

Phenopackets

Pedigree

New project: Cohort Representation



A Computable Representation of Clinical Data
The GA4GH Phenopackets v2 Standard

The GA4GH Phenopacket schema 
consists of several optional 
elements, each containing 
information about a certain topic, 
such as phenotype, variant or 
pedigree. An element can contain 
other elements, which allows a 
hierarchical representation of data. 

For instance, Phenopacket 
contains elements of type 
Individual, PhenotypicFeature, 
Biosample and so on. Individual 
elements can therefore be 
regarded as building blocks of 
larger structures.

• ACMG, American College of Medical 
Genetics


• HTS, high-throughput screening

• VCF, variant call format.

Jacobsen JOB, Baudis M, Baynam GS, 
Beckmann JS, Beltran S, Buske OJ, Callahan 
TJ, et al. 2022.

The GA4GH Phenopacket Schema Defines a 
Computable Representation of Clinical Data. 
Nature Biotechnology 40 (6): 817–20.
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Phenopackets Available via GA4GH and ISO

https://www.iso.org/standard/79991.html

GA4GH https://bit.ly/PhenopacketsDocs

ISO

https://www.iso.org/standard/79991.html
https://bit.ly/PhenopacketsDocs
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Discovery Work Stream

Facilitate the discovery and utilization of data 
sources and services

Proposed Solution GA4GH Deliverables

Establish a unified interface for 
aggregating data sources and 
services that can be crawled 

and indexed

Beacon API

Data Connect API

Service Info & Service Registry

SchemaBlocks {S}[B]



SchemaBlocks
GA4GH {S}[B]

sc
he

m
ab

lo
ck

s.
or
g

• “cross-workstreams, cross-drivers” initiative to 
document GA4GH object standards and 
prototypes, data formats and semantics


• documentation and implementation examples 
provided by GA4GH members


• no attempt to develop a rigid, complete data 
schema


• object vocabulary and semantics for a large 
range of developments


• currently not “authoritative GA4GH 
recommendations”


• GA4GH roadmap as element in "TASC"

http://schemablocks.org
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Service Info and Service Registry APIs

The Service Info and Registry APIs are minimalistic, light-weight APIs that 
provide a standard format for describing and listing genomics web services 
along with their metadata.
Approved: January 22, 2020

Example Users



The GA4GH Beacon Protocol
A GA4GH standard for genomics data discovery (and exchange)
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Beacon API v1

The Beacon API can be implemented as a web-accessible service that users may query for 
information about a specific allele. 


Approved: October 3, 2018

Example Users



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



Global Alliance “Beacon” - Jim Ostell, NCBI, March 7, 2014

Introduction
…	I	proposed	a	challenge	application	for	all	those	wishing	to	seriously	engage	in	international	data	sharing	for	human	genomics.	…

1. Provide	a	public	web	service

2. Which	accepts	a	query	of	the	form	“Do	you	have	any	genomes	with	an	“A”	at	position	100,735	on	chromosome	3?”

3. And	responds	with	one	of	“Yes”	or	“No”	…

“Beacon”	because	…	people	have	been	scanning	the	universe	of	human	research	for	signs	of	willing	participants	in	far	reaching	data	sharing,	but	…	it	
has	 remained	 a	 dark	 and	 quiet	 place.	 The	 hope	 of	 this	 challenge	 is	 to	 1)	 trigger	 the	 issues	 blocking	 groups	…	 in	way	 that	 isn’t	masked	 by	 the	…	
complexities	of	the	science,	fully	functional	interfaces,	and	real	issues	of	privacy,	and	to	2)	in	short	order	…	see	real	beacons	of	measurable	signal	…	
from	at	least	some	sites	…	Once	your	“GABeacon”	is	shining,	you	can	start	to	take	the	next	steps	to	add	functionality	to	it,	and	finding	the	other	groups	
…	following	their	GABeacons.


Utility
Some	have	 argued	 that	 this	 simple	 example	 is	 not	 “useful”	 so	nobody	would	build	 it.	Of	 course	 it	 is	 not	 the	first	 priority	 for	 this	 application	 to	be	
scientifically	useful.	…intended	to	provide	a	 low	bar	for	the	first	step	of	real	…	engagement.	…	there	is	some	utility	in	…locating	a	rare	allele	in	your	
data,	…	not	zero.

A	number	of	more	useful	first	versions	have	been	suggested.

1. Provide	frequencies	of	all	alleles	at	that	point

2. Ask	for	all	alleles	seen	in	a	gene	region	(and	more	elaborate	versions	of	this)

3. Other	more	complicated	queries


Implementation
1. Specifying	the	chromosome	…	The	interface	needs	to	specify	the	accession.version	of	a	chromosome,	or	build	number…

2. Return	values	…	right	to	refuse	to	answer	without	it	being	an	error	…	DOS	attack	…	or	because	…especially	sensitive…

3. Real	time	response	…	Some	sites	suggest	that	it	would	be	necessary	to	have	a	“phone	home”	response	…

"I would personally recommend all those be held for 
version 2, when the beacon becomes a service."


Jim Ostell, 2014}



• Authentication to enable non-aggregate, patient derived datasets

• ELIXIR AAI with compatibility to other providers (OAuth...)
• Scoping queries through "biodata" parameters

• Extending the queries towards clinically ubiquitous variant formats

• cytogenetic annotations, named variants, variant effects
• Beacons as part of local, secure environments

• local EGA ...
• Beacon queries as entry for data delivery 

• handover to stream and download using htsget, VCF, EHRs
• Interacting with EHR standards

• FHIR translations for queries and handover ...

ELIXIR - Making Beacons Biomedical

2016 and beyond ...



2014

2015

2016

2017

2018

2019

2020

2021

2022

Beacon v1 Development Beacon v2 Development Related ...

GA4GH founding event; Jim Ostell proposes Beacon concept with "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

• 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")



Beacon v2

IndividualsBiosamples

Runs

Analyses

Genomic Variations

Datasets

Cohorts

Beacon 
Framework 
(protocol)

Beacon Model

docs.genomebeacons.org 

http://docs.genomebeacons.org


Progenetix and GA4GH Beacon
Implementation driven development of a GA4GH standard

progenet x



Gain of chromosome arm 13q in colorectal carcinoma

MYCN amplification in 
neuroblastoma

(GSM314026,  SJNB8_N cell line)
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low level/high level copy number alterations (CNAs)

2-event, homozygous 
deletion in a Glioblastoma

progenet x



Somatic CNVs In Cancer
Recurrent mutation patterns

How can those patterns be used for classification 
and determination of biological mechanisms?

A genomic copy number histogram for malignant medulloblastomas, the most frequent type of pediatric brain tumors, displaying regions of 
genomic duplications and deletions. These can be decomposed into individual tumor profiles which segregate into several clusters of related 
mutation patterns with functional relevance and clinical correlation.

WNT

GENOMIC COPY NUMBER IMBALANCES PROVIDE 

WIDESPREAD SOMATIC VARIANTS IN CANCER

“group 3”

“group 4”

progenet x



Cancer Genomics Reference Resource

• open resource for curated oncogenomic profiles

• >116'000 cancer CNV profiles, from >800 types

• majority of data from genomic arrays with ~50% 

overall from SNP platforms with original data re-
processing


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

• identifier mapping for PMID, GEO, Cellosaurus, 

TCGA, cBioPortal where appropriate

• core biosample and technical metadata where 

accessible (TNM, sex, survival ...)

• publication database and code mapping 

services

Progenetix in 2022
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Progenetix in 2022
Cancer Genomics Reference Resource



• open resource for curated oncogenomic profiles

• >116'000 cancer CNV profiles, from >800 types

• majority of data from genomic arrays with ~50% 

overall from SNP platforms with original data re-
processing


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

• identifier mapping for PMID, GEO, Cellosaurus, 

TCGA, cBioPortal where appropriate

• core biosample and technical metadata where 

accessible (TNM, sex, survival ...)

• publication database and code mapping 

services

Progenetix in 2022
Cancer Genomics Reference Resource



Example: Hierarchical NCIt Neoplasm Core 
replaces heterogeneous primary annotations

• heterogeneous and inconsistent diagnostic annotations 
are common in clinical reports and research studies 
("text", ICD-10, ICD-O 3, OncoTree, domain-specific)


• highly variable granularity of annotations as major 
road block for large scale data integration

‣ "Colorectal Cancer" or "Rectal Mucinous Adenoca."


• initiatives and services such as Phenopackets, 
MONDO, OXO ... rely on and/or provide mappings to 
hierarchical ontologies


• consistent CURIEs were instrumental in the 
development & testing of the Beacon v2 "Filters" 
paradigm

‣ final "Filtering Term" object dev. by Tim Beck, U. of Leicester

DX Ontologies

NCIt Neoplasm Core coded display (excerpt) for samples 
in the Progenetix cancer genome data resource allows 
sample selection on multiple hierarchy levels                 →

progenet x



In Progenetix all cancer diagnoses are coded to both NCIt neoplasm codes and ICD-O 3 
Morphology + Topography combinations. The matched mappings are provided as lookup-
service since neither an official ICD-O ontology nor such a "disease defined by ICD-O M+T" 
concept is codified anywhere.

Ontologies and Classifications



• open resource for curated oncogenomic profiles

• >116'000 cancer CNV profiles, from >800 types

• majority of data from genomic arrays with ~50% 

overall from SNP platforms with original data re-
processing


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

• identifier mapping for PMID, GEO, Cellosaurus, 

TCGA, cBioPortal where appropriate

• core biosample and technical metadata where 

accessible (TNM, sex, survival ...)

• publication database and code mapping 

services

Progenetix in 2022
Cancer Genomics Reference Resource



Service: Publications
Location Mapping for Statistics and  
Discovery...

http://progenetix.org/services/publications/?filters=genomes:>0&ISO3166alpha2=kr&output=map

• all publications are tagged for "best fit" 
geographic origin in order


1. specific sample origin


2. processing laboratory


3. corresponding author


• enables searches for e.g. "all publications or 
samples in HCC from 2000km around Taipeh"


• handy utility for discovering locally performed 
research, partners...



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.



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



Rapidly evolving documentation 
of both the Beacon API itself and 

its use and technical 
implementation on 


docs.genomebeacons.org

docs.progenetix.org

Shoutout to Laure(e)n 
Fromont & Manuel 
Rueda for being 

instrumental in the 
Beacon v2 

documentation!



Demonstrating Compliance

• Progenetix Beacon+ has served 
as implementation driver since 
2016


• Beacon v2 as service with 
protocol-driven registries for 
federation


• GA4GH approved Beacon v2 in 
April 2022

Onboarding



2014

2015

2016

2017

2018

2019

2020

2021

2022

Beacon v1 Development Beacon v2 Development Related ...

GA4GH founding event; Jim Ostell proposes Beacon concept with "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

• 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")



Beacon Response 

• quantitative (counts for variants, callsets 
and samples)


• Handover to authentication system for 
data retrieval


• no exposure of data beyond standard 
Beacon response and additional pointer 
to matched data

be
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Beacon Implementations 

• implementing existing 
resources with Beacon 
protocol


• e.g. TCGA cancer variants 
(structural and SNV)

Prototyping Query Extensions 

• testing e.g. bio-metadata queries using ontology terms

ELIXIR hCNV Community Meeting , Hinxton  2018-09-28

http://beacon.progenetix.org


Variant and Metadata for Sample Discovery

• positional queries for genomic variants using the 
GA4GH Beacon protocol 

• metadata queries (diagnoses, identifiers, clinical 
classes ...) using Beacon "filters"

Progenetix in 2022

17'600'000 - 18'600'000 18'600'001 - 18'650'000 18'650'001 - 19'6500'000
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DUP (Copy Number Gain)DEL (Copy Number Loss)



Filter	types

● Ontology	Filters

○ Hierarchical	ontology	query	is	assumed	by	default,	where	the	requested	ontology	

filter(s)	and	all	descendent	terms	are	queried

○ Exact	term	match	requests,	where	descendent	terms	are	excluded,	are	supported

○ Semantic	similarity	queries	for	entities	that	are	associated	with	terms	that	are	

similar	to	the	requested	filters	are	supported	by	Beacon	2.0

■ Agnostic	to	the	semantic	similarity	model	used	by	a	Beacon

■ Relative	similarity	thresholds	of	high,	medium	and	low


● Numeric	Filters	...	(using	equality	and	relational	operators)	

● Alphanumeric	Filters	...	(e.g.	string	matches)

Tim Beck @ ELIXIR All Hands

Amsterdam | 2022-06-07
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Beacon I/O

Handover

id
bioterms
geo_provenance
…

individuals

id
individual_id
bioterms
geo_provenance
…

biosamples

id
biosample_id
reference_name
start
end
variant_type
alternate_bases
…

variants

Beacon Query

allele_request
biosample_request
individual_request

Beacon Response

beacon_response
handover_id

Handover Action

phenopackets
VCF
graphics

Intersect

Authenticate

handover_id
biosample_ids
variant_ids
individual_ids
…

handover

Authentication

Beacon & 
Handover

Beacons v1.1 
supports data 
delivery services 

Example data backend 

implemented by Beacon+ 
beacon.progenetix.org

v2
v2

filters
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Beacon v2 Conformity and Extensions in Progenetix
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


• + extensions of query logic

➡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

Progenetix 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).



pgxRpi

https://progenetix.org/beacon/g_variants/

?biosampleIds=pgxbs-kftvh94d,pgxbs-kftvh94g,pgxbs-kftvh972


&output=pgxseg

http://progenetix.org/beacon/biosamples/

?filters=NCIT:C3697&output=datatable

http://www.progenetix.org/services/intervalFrequencies/

?id=NCIT:C4323&output=pgxseg

Beacon Path: Retrieve variants by biosample id(s)

Beacon Path: Get biosamples by filter(s)

Service Path: Retrieve CNV frequencies by filter(s)

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

Author: Hangjia Zhao | @hangjiaz



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/biosamples/pgxbs-kftvhyvb/phenopackets
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http://progenetix.org/beacon/biosamples/pgxbs-kftvhyvb/phenopackets



Progenetix & Beacon+
A cancer genomics reference resource powered by GA4GH standards

• Copy number variations constitute a complex, exciting and still poorly understood research 
topic in cancer and rare disease genomics


• Progenetix is the largest public resource for CNV in cancers (and increasingly reference 
genomes)


• The complexity of inherited and somatic genomic variations requires data access beyond 
individual resources => Federated Data Access 


• The Global Alliance for Genomics and Health (GA4GH) is a policy-framing and technical 
standards-setting organization with focus on genomic data sharing


• Beacon v2 is the main GA4GH data discovery and sharing protocol, developed with 
support from the European bioinformatics organization ELIXIR


• Progenetix serves as a testbed for the early implementation of GA4GH standards such as 
Beacon extensions, Phenopackets and VRS

progenet x



Beacon's v2.n Future?
Some proposals for a stepwise Beacon protocol extension

• Query language expansion, e.g. Boolean options for chaining filters

➡use of heterogeneous/alternative annotations within and across resources


• Phenopackets support as a (the?) default format for biodata export


• Phenopackets as request documents


• Focus on service & resource discovery 

• ELIXIR Beacon Network, including translations for federated queries 
to Beacon and Beacon-like resources

progenet x



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



9:18000000,21975098- 
21967753,26000000:DEL 
NCIT:C3058 
DUO:0000004 
HP:0003621

The Beacon API v2 
proposal opens the way 
for the design of a 
simple but powerful 
"genomics API". 

Beacon v2 API
Have you seen deletions in 
this region on chromosome 9 
in Glioblastomas from a 
juvenile patient, in a dataset 
with unrestricted access?



9:18000000,21975098- 
21967753,26000000:DEL 
NCIT:C3058 
DUO:0000004 
HP:0003621

The Beacon API v2 
proposal opens the way 
for the design of a 
simple but powerful 
"genomics API". 

Beacon v2 API

"Internet of Genomics"

Have you seen deletions in 
this region on chromosome 9 
in Glioblastomas from a 
juvenile patient, in a dataset 
with unrestricted access?
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ga4gh.org

Get Involved! Visit GA4GH.ORG

Become an Organizational 
Member

ga4gh.org/members

Subscribe to 

GA4GH Updates

ga4gh.org/subscribe

Join a Work Stream!

Contact secretariat@ga4gh.org



Progenetix Needs & Offers
What we have ...
✓ collection of >4000 articles assessed for scope


• training set for NLP & search engine generation

✓ cancer specific ontologies with cross-mappings 

(ICD-O vs. NCIt) based on >100k samples

• existing service API


✓metadata ontology mappings for some 10k 
samples, with varying coverage for grade / stage / 
survival / ...


✓CNV profiles for >110k samples, >700 entities with 
disease codes and metadata


✓ cell line CNV profiles together with mapped 
variants with clinical evidences

➡ (semi-)automated detection of additional articles 
for scope (genome screening technologies, cancer 
samples, geographies)


➡generation of a complete ICD-O terminology tree 
with NCIT (?) correspondence

• improved service API & publication


➡ improved annotations using smarter source (article, 
annotation files) pre-/processing


➡correlation between individual profiles, profile 
heterogeneity and external parameters


➡relation between cell lines and native tumor types, 
with consideration of non-CNV parameters and 
publication use

What we're working on...

progenet x

info.baudisgroup.org | progenetix.org
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