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Progenetix & Beacon+
A cancer genomics reference resource powered by GA4GH standards
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Department of Molecular Life Sciences

‣ Genome analyses (including transcriptome, 
metagenomics) are core technologies for 
Personalised HealthTM applications


‣ The unexpectedly large amount of sequence 
variants in human genomes - germline and 
somatic/cancer - requires huge analysis efforts 
and creation of reference repositories


‣ Standardized data formats and exchange 
protocols are needed to connect these resources 
throughout the world, for reciprocal, international 
data sharing and biocuration efforts


‣ Our work @ UZH:

‣ cancer genome repositories

‣ biocuration

‣ protocols & formats

Genome screening at the core of “Personalised Health”

The future of DNA sequencing. Eric D. Green, Edward M. Rubin  
& Maynard V. Olson. Nature; 11 October 2017 (News & Views)
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Geographic distribution of 104'543 genomic array, 36'766 chromosomal 
CGH and 15'409 whole genome/exome based cancer genome datasets



Types of genomic alterations in Cancer
Imbalanced Chromosomal Changes: CNV
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• Point mutations (insertions, deletions, 
substitutions)

• Chromosomal rearrangements
• Structural chromosomal Aberrations
➡ Regional Copy Number Alterations 

(losses, gains)
• Epigenetic changes (e.g. DNA 

methylation abnormalities)

BalancedNormal

Imbalanced



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
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Quantifying Somatic 
Mutations In Cancer

GENOMIC COPY NUMBER IMBALANCES PROVIDE  
WIDESPREAD SOMATIC VARIANTS IN CANCER

On average ~19% of a cancer genome are in an imbalanced 
state (more/less than 2 alleles); Original data based on 43654 
cancer genomes from progenetix.org

CANCERS SHOW THOUSANDS OF SINGLE NUCLEOTIDE 
VARIANTS PER SAMPLE, MOSTLY IN NON-CODING REGIONS

Pan-Cancer Analysis of Whole Genomes (PCAWG) data 
show widespread mutations in non-coding regions of cancer 
genomes (Khurana et al., Nat. Rev. Genet. (2016)

http://progenetix.org
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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”



Progenetix Genomics Resource
From Genomic Experiments to Experimenting with the Beacon API

progenet x



• Molecular-cytogenetic technique to identify 
regional genomic copy number variations 
(CNV/CNA) 

• based on in situ suppression hybridization 
of labeled genomic tumor and reference DNA 
against a karyotypically normal metaphase 
chromosomes 

• analysis of relative fluorescence ratio allows 
semi-quantitative copy number read-out 

• indirect attribution of involved target genes 
through cytogenetic bands (megabase 
resolution)

Comparative Genomic Hybridization
Molecular-Cytogenetic Technology for Genomic Imbalance Screening

‣ Kallioniemi A, Kallioniemi OP, Sudar D, Rutovitz D, Gray JW, Waldman F, Pinkel D. 
Comparative genomic hybridization for molecular cytogenetic analysis of solid tumors. 
Science. 1992;5083:818-821.


‣ Joos S, Scherthan H, Speicher MR, Schlegel J, Cremer T, Lichter P. Detection of 
amplified DNA sequences by reverse chromosome painting using genomic tumor DNA 
as probe. Hum Genet. 1993;90:584-589.

+6p, -6q



 | Tuesday February 27, 1996

 | Tuesday September 08, 1992

Let's 
build a 

database!

... using 
archaic 
tools 

http://dilbert.com
http://dilbert.com


A compilation of published CGH analyses with reported
case and band specific  results

Currently includes
2613 cases from
92 publications

Automatic
conversion of
ISCN format to
aberration matrix
with 393 bands resolution

[progenetix.net] online CGH database

2613 neoplasias

787 lymphoid

451
NHL

Clustering in 451 NHL: +12 in CLL and extranodal NHL

+12
(q22q23)

CLL/
extranodal NHL

MBL

MZBCL
MCL

+3q26
+9
(p)

-8
+8q

MCL
T-PLL

Michael Baudis | Presentation ASH | Orlando 2001-12-05

Collection and Transformation of Chromosomal Imbalances in Human Neoplasias
for Data Mining Procedures

michael baudis, dept. of pathology, stanford university

Michael Baudis | BCATS Biocomputing at Stanford II | Stanford Nov 2002



Text conversion for CNVs

• articles and supplements with 
cytoband-based rev ish CGH 
results 

• sometimes rich, but unstructured 
associated information 

• PDFs readable, but not well 
suited for data extraction 
(character entities, text flow)

Progenetix Database in 2003



Data "Pipelines"



DATA PIPELINE



DATA PIPELINE

BIOCURATION
BIOINFORMATICS



Data Curation
Happy RegExing!

Source: https://xkcd.com/208/



Progenetix & arrayMap: Data Scopes
Biomedical and procedural "Meta"data types

• Diagnostic classification 
• mapping text-based cancer diagnoses to standard classification systems 

• Provenance data 
• store identifier-based pointers 

• geographic attribution (individual, biosample, experiment) 

• Clinical information 
• core set of typical cancer study values: 

➡ stage, grade, followup time, survival status, genomic sex, age at diagnosis 

• balance between annotation effort and expected usability
progenet x



Disease annotations in Progenetix
From some text, somewhere, to ontology classes

• diagnostic categories are the most important labels to associate with genomic 
observations 

• original data almost never uses modern, hierarchical classification systems but 
provides circumstantial ("breast cancer in pre-menopausal...") or domain-specific ("CLL 
Binet B", "colorectal carcinoma Dukes C") information 

• clinical classifications (ICD-10 ...) have very limited relation to tumor biology 

• concepts change over time ... 

• for cancer, the "International Classification of Diseases in Oncology" (ICD-O 3) by IARC / 
WHO traditionally has been a good compromise to map to - but with non-hierarchical 
structure and is used by international reference projects



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 classifications)


• highly variable granularity of annotations is a 
major road block for comparative analyses and 
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

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



Cancer Genomics Reference Resource

• largest open resource for curated cancer genome 
profiles


• >116'000 cancer CNV profiles, from >800 NCIt codes


• majority of data from genomic arrays with ~50% overall 
from SNP platforms with original data re-processing


• structured diagnostic encodings for NCIt, ICD-O 3, 
UBERON


• identifier mapping for PMID, GEO, Cellosaurus, TCGA, 
cBioPortal where appropriate


• core biosample and technical metadata annotations 
where accessible (TNM, genotypic sex, survival ...)


• publication database and code mapping services

Progenetix in 2022
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Cancer Genomics Reference Resource

• contains special data subsets, identified 
using the "cohorts" concept


‣ TCGA CNV data


‣ 1000Genomes germline CNVs (WGS)


‣ Cancer cell line CNVs with upcoming addition 
of annotated SNV ... data


‣ cBioPortal studies


‣ ...

Progenetix in 2022
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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



Cancer Genomics Reference Resource
Progenetix in 2022
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• largest open resource for curated cancer genome 
profiles


• >116'000 cancer CNV profiles, from >800 NCIt codes


• majority of data from genomic arrays with ~50% overall 
from SNP platforms with original data re-processing


• structured diagnostic encodings for NCIt, ICD-O 3, 
UBERON


• identifier mapping for PMID, GEO, Cellosaurus, TCGA, 
cBioPortal where appropriate


• core biosample and technical metadata annotations 
where accessible (TNM, genotypic sex, survival ...)


• publication database and code mapping services



Recent Publications
CNV Data Analysis & Methods

• collaborative projects utilizing the 
Progenetix data for multi-omics 
analyses


• data and bioinformatics analysis 
support for e.g. translational 
studies w/o "omics" focus







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 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...



Michael Baudis | ELIXIR Human Data Communities | 2022-03-15

ELIXIR hCNV
First Implementation Study and Ongoing Work



Structural Genome Variation Data :: Resources and Technologies

• structural genome variations are a major 
contributor to genetic diseases and cancer


• knowledge about and standards for copy 
number variations / aberrations (CNV/CNA) 
has not been in step with NGS & GWAS 
driven SNV/SNP assessment

Why hCNV Community?

Mission statement 
Despite the fact that Copy Number Variations are the 
most prevalent genetic mutation type, identifying and 
interpreting them is still a major challenge. The ELIXIR 
human Copy Number Variation (hCNV) Community aims 
to implement processes to make the detection, 
annotation and interpretation of these variations easier

CNV with unknown clinical impact in a case of Silver-Russel Syndrome 

Local Affymetrix Genotyping 6 signal distribution pattern and segmentation result 
in patient SR12 (SR0012, orange data) and his father (SR0012V, steelblue data). 
In both samples a duplication in the DSCR can be observed, affecting the whole 
KCNE1 and DSCR1/RCAN coding regions. In contrast, DYRK1A lays ~2.5 Mb 
distal of the duplication. Only the genes discussed in this article are shown. 
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hCNV Implementation Study 2019-2021
Some Achievements and Deliveries
• HGVS satellite meeting – Human CNV – June 14th 

2019 – Göteborg Sweden


• hCNV community workshop ELIXIR All-Hands 
Lisbon – June 2019


• survey of data annotation formats, including 
comments on VCF development


• start FAIRification of CNV national / reference 
databases (BANCCO, Progenetix)


• Community white paper published


• Biohackathon Paris 2019


• in 2021 start of shared meetings of subgroup with 
Beacon variants scout team



• original 2019-2021 implementation study provided 
visibility and established connections for new studies


• instrumental were Biohackathons, use case & 
standards surveys and co-participation of group 
members


• future work plans to leverage the resources of 
participants through pre-established interactions and 
synergies


• 2 independent studies provide clearer definitions of 
deliverables and individual scopes

hCNV Implementation Studies 2021-2023
Focus on Integration with ELIXIR Platforms and Communities - and beyond

Michael Baudis CH
Christophe Béroud FR

David Salgado FR
Alexander Kanitz CH
Anthony Brookes UK

Babita Singh ES
Björn Grüning DE
Jordi Rambla ES
Kirill Tsukanov EMBL-EBI

Krzysztof Poterlowicz UK
Salvador Capella-Gutierrez ES

Sergi Beltran ES
Steven Laurie ES

Tim Beck UK
Timothee Cezard EMBL-EBI

progenet x



hCNV & Intl. Community

• contributions to ontologies 
and standard definitions


• close ongoing interactions 
with GA4GH work streams


• influencing the 
development of the 
GA4GH VRS variant 
standard

Ongoing...



Progenetix and GA4GH Beacon
Implementation driven development of a GA4GH standard

progenet x



The vision: Federation of data





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



GA4GH API promotes sharing  

G



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	applica1on	for	all	those	wishing	to	seriously	engage	in	interna'onal	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	posi1on	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	par'cipants	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	…	
complexi1es	of	the	science,	fully	func1onal	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	func'onality	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	 applica1on	 to	be	
scien1fically	useful.	…intended	to	provide	a	 low	bar	for	the	first	step	of	real	…	engagement.	…	there	is	some	u1lity	in	…loca1ng	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	a<ack	…	or	because	…especially	sensi've…	
3. Real	1me	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}
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• 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



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
ac

on
.p
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ge

ne
tix

.o
rg

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


Michael Baudis

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

ELIXIR hCNV Community Meeting , Hinxton  2018-09-28



Beacon+ 
Flexible Modeling of  
New Features  

Our Beacon platform is being used for the 
rapid testing of queries and responses - 
both v1.n and v2.0.a - against a number 
of partially large-scale genome datasets. 

• Progenetix (>100000 cancer CNV 
profiles) 

• DIPG (childhood brain tumor study) 

• NEW: Cellosaurus ClinVar annotations 
for evidence representation 

• Brewing: COVID-19 

Currently running on a Perl+MongoDB 
stack, a Python-based OS solution is in 
early development.

ETH PHRT Presentation | Zurich 2020-06-30



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

GENE01
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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")



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



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



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!



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).



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



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



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 
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progenet x

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



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



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.



SchemaBlocks
GA4GH {S}[B]

schemablocks.org

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


• launched in December 2018

• 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”

• recognized in GA4GH roadmap as element in "TASC" 

effort

http://schemablocks.org


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





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?



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



beacon-project.io

beacon.progenetix.org/beaconPlus/
github.com/ga4gh-beacon/
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