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A Reference Resource for Copy 
Number Variations in Cancer
Implementing GA4GH Standards to Drive an Open Oncogenomics Resource
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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 “Personalized 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



GA4GH API promotes sharing  

G



Genomic alterations in Cancer

Grade et al., 2015 Chromosomal Instability in Cancer Cells 

‣ Point mutations (insertions, deletions, substitutions)

‣ Chromosomal rearrangements

‣ Regional Copy Number Alterations (CNA)

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

Huang et al., 2021 Database 



History & Current State...
Origins & Trajectory of the Progenetix Resource
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Text conversion for CNVs
‣ originally an internal, to store CGH profiles at Peter Lichter's group at the 

German Cancer Research Center (DKFZ), starting in 1998


‣ expansion to include literature derived data, with a focus on malignant 
non-Hodgkin's lymphomas


‣ based on 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, early 2000's

Example input Data: Korn et al., 1999 Genes, chromosomes and cancer



arrayMap (2012 - 2020)
Probe-Level Genomic Array Data in Cancer

Cai et al., 2012 PLoS One



‣ source data (i.e. array probe data access) 
and annotation derived (aCGH, WGS, WES, 
other arrays)


‣ >130'000 cancer and reference CNA 
profiles


‣ systematic metadata annotations following 
GA4GH standards


‣ unrestricted access w/o registration 


‣ data access API


‣ online visualization


‣ CNA statistics

Progenetix in 2021
Cross-platform Oncogenomics



Progenetix Implements & Drives 
the GA4GH Beacon Protocol
CNV Queries, Ontology Based Filters, Data Delivery through Handovers...
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Demonstrator for GA4GH Beacon based 
genomic reference resource

Progenetix & Beacon

progenet x

‣ the CNV content of Progenetix has been a driver to 
develop the range and bracket variant query options


‣ extensive sample annotations using CURIEs with 
hierarchical ontologies for "biocharacteristics" (NCIT 
...) and external references (cellosaurus, geo, 
PMID ...) serve implementation scenarios for Beacon 
testing and "production" environment


‣ custom implementation

‣ "bycon" code on GH > /progenetix/bycon/

‣ MongoDB backend

‣ React front-end on GH > /progenetix/progenetix-web/

https://github.com/progenetix/bycon
https://github.com/progenetix/bycon


Beacon v2: Extended Variant Queries
Range and Bracket queries enable positional wildcards and fuzziness

‣ Genome Range Queries provide a way to "fish" for variants overlapping an 
indicated region, e.g. the CDR of a gene of interest


‣ Additional parameters (e.g. variant type, reference or alternate bases) limit 
the scope of the responses


‣ new Beacon v2 size parameters to limit structural variants (e.g. "focal" 
CNVs)
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‣ Genome Bracket Queries allow to search for structural variants with start 
and end positions falling into defined sequence ranges


‣ allows to query any contiguous genomic variant (and in principle also can 
step in for range queries)


‣ typical use case is e.g the query for variants such as duplications covering 
the whole CDR of a gene, while limiting the allowed start or end regions



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

‣ 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


‣ data handover (Beacon v1.1+) enables further 
data exploration and export scenarios

Beacon v2 Filters
Beacon+ specific: Multiple term selection with OR logic
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Handover elements in Beacon responses 

Progenetix & Beacon v1->2
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‣ Progenetix utilizes handovers to deliver 
data matched by the Beacon queries


‣ These handovers are interpreted by the 
front end to populate different parts of 
the UI, w/o the need of active selection


‣ Handovers are either standard Beacon 
v2 paths or dedicated custom 
functions
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Handover Concept



DATA PIPELINE

BIOCURATION
BIOINFORMATICS



Metadata Curation
Standardized, machine-readable

‣ Developed by international initiatives (ELIXIR, 
GA4GH, MONARCH...) and resource providers 
(EBI, NCBI) 


‣ Hierarchical NCIt Neoplasm Core replaces 
heterogeneous primary annotations


‣ Representing varying granularity

"Colorectal Cancer" 

or


 "Rectal Mucinous Adenoca."



Data discovery and delivery using standardized GA4GH 
formats and schemas

‣ modern standards and protocols are essential for federation and 
exchange of biomedical data 

‣ emerging / established principles are the use of hierarchical coding 
systems and with widespread use of CURIEs


‣ Non-categorical annotations e.g. stage, grade, followup time, survival 
status, genomic sex, age at diagnosis based on international 
standards, e.g. 


‣ ISO (ISO 8601 time & period, ISO 3166 country codes ...)

‣ IETF (GeoJSON ...)

‣ W3C (CURIE ...)


➡ Beacon query filters correspond well to Phenopackets data


➡ Phenopackets as supported protocol for Beacon data delivery

Beacon & Phenopackets

"data_use_conditions" : {

"label" : "no restriction",

"id" : "DUO:0000004"


},

"material" : {


"id" : "EFO:0009656",

"label" : "neoplastic sample"


},

{


    "ageAtDiagnosis": "P25Y3M2D"

},

"sampled_tissue" : {


"id" : "UBERON:0002037",

"label" : "cerebellum"


},

"histological_diagnosis" : {


"id" : "NCIT:C3222",

"label" : "Medulloblastoma"


},



Progenetix is a Cancer CNV Reference Resource
Cancer CNV Profiles, Gene CNV Frequencies, Cohorts & Publications
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Progenetix in 2021

‣ Hierarchical aggregation


‣ CNV landscape overview


‣ Sample retrieval

Cancer type representation



Glioblastoma





Data & Plots

‣ Through multiple API endpoints


‣ segmented CNV data in .pgxseg (tabular) 
and JSON format


‣ CNV frequency histograms for disease, 
study or cohort


‣ R package for circos, heatmap and 
more...

Progenetix API

https://progenetix.org/cgi/PGX/cgi/collationPlots.cgi?
datasetIds=progenetix&id=pgxcohort-TCGAcancers&-
size_plotimage_w_px=800&-size_plotarea_h_px=300&-value_plot_y_max=60



Progenetix
Services, Documentation...

‣ services e.g. for disease code translation (NCIt 
<=> ICD-O; UBERON ...)


‣ documentation of data schema, API ...



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

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

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

Beacon v2 API

"Internet of Genomics"



beacon-project.io

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