
Implementation Driven Development of Standards for Genomic 
Data Exchange from Cancer Genome Data Collections

CNV Databases :: Variant Representation & Query Formats :: ELIXIR Beacon :: GA4GH



Gain of chromosome arm 13q in colorectal carcinoma

MYCN amplification in 
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Quantifying Somatic 
Mutations In Cancer
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GENOMIC COPY NUMBER IMBALANCES PROVIDE  
WIDESPREAD SOMATIC VARIANTS IN CANCER

On average ~15% of a cancer genome are in an imbalanced state (more/less than 2 alleles); 
Original data based on >30’000 cancer genomes from arraymap.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)



Gene dosage phenomena beyond simple on/off effects

* A. H. Berger, A. G. Knudson, and P. P. Pandolfi, “A continuum model for tumour suppression,” Nature, vol. 476, no. 7359, pp. 163–169, Aug. 2011.

*

Combined heterozygous deletions involving PTEN and TP53 loci in a case of prostate adenocarcinoma 
(GSM148707, PMID 17875689, Lapointe et al., CancRes 2007)



Rare CNV Events & Hidden Therapeutic Options? 
Example: PTCH1 deletions in malignant melanomas

In its normal function, PTCH1 is a tumor 
suppressor gene in the sonic hedgehog pathway 

and inhibits SMO driven transcriptional 
activation. A loss of PTCH1 function (mutation, 

deletion) can be mitigated through drugs 
antagonistic to SMO activation.

Examples of focal / homozygous PTCH1 deletions detected in the 
analysis of 1127 genomic array datasets. Focal somatic imbalance 

events are considered an indicator for oncogenic involvement of the 
affected target genes.

Summary of somatic copy number aberrations from the 
analysis of 1127 genome profiles of malignant melanomas, 

collected in our arraymap.org cancer genome resource. While 
PTCH1 does not represent a deletion hotspot, the genomic 

locus is part of larger deletions in ~25% of melanoma samples.

PTCH1 is a actionable tumor suppressor gene, which has been 
demonstrated in e.g. basaliomas and medulloblastomas

analysis of 1127 samples from 26 different publications could identify focal 
deletions in 4 samples

a current project addresses the focal involvement of all mapped genes, in 
>50'000 cancer genome profiles

http://arraymap.org


Somatic CNVs In Cancer: Patterns

A genomic copy number histogram for malignant medulloblastomas, the most frquent 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”Many tumor types express recurrent mutation patterns 
How can those patterns be used for classification and 
determination of biological mechanisms?
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DATA PIPELINE



DATA PIPELINE
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BIOINFORMATICS



{bio_informatics_science}

if ($probefile !~ /\w/) { 
  if ($pgx->{samples}->[0]->{paths}->{probefile} =~ /\w\.\w/) { 
    $probefile    = $pgx->{samples}->[0]->{paths}->{probefile} } 
  else { 
    my $seriesId  = (split('::', $pgx->{samples}->[0]->{id}))[1]; 
    my $arrayId   = (split('::', $pgx->{samples}->[0]->{id}))[2]; 
    $probefile    = $pgx->{parameters}->{genome}.'/'.$seriesId.'/'.$arrayId.'/
probes,cn.tsv' 
  } 
  $probefile  =~ s/^\///; 
  $probefile  =   $pgx->{config}->{paths}->{dir_array_base_path}.'/'.$probefile; 
} 



{bio_informatics_science}

Randall Munroe - XKCD 
https://xkcd.com/1319/

if ($probefile !~ /\w/) { 
  if ($pgx->{samples}->[0]->{paths}->{probefile} =~ /\w\.\w/) { 
    $probefile    = $pgx->{samples}->[0]->{paths}->{probefile} } 
  else { 
    my $seriesId  = (split('::', $pgx->{samples}->[0]->{id}))[1]; 
    my $arrayId   = (split('::', $pgx->{samples}->[0]->{id}))[2]; 
    $probefile    = $pgx->{parameters}->{genome}.'/'.$seriesId.'/'.$arrayId.'/probes,cn.tsv' 
  } 
  $probefile  =~ s/^\///; 
  $probefile  =   $pgx->{config}->{paths}->{dir_array_base_path}.'/'.$probefile; 
} 



A tool for genome (CNV) batch liftover
Situation 

• A continuous genome segment with real start and end 
positions has been duplicated/deleted 

• the reported edge positions are statistically derived 
and their real equivalent may be removed/repositioned 

• however, CNV segments are determined from many 
measurements - reporting edges is just a convenience 

Challenge 
1. Keep the "integrity" of copy number segments after liftover 
2. improve on the 10% CNV data lost from straight liftover 

applications 
3. process 1TB segment and probe data buried in over 2,000 

nested directories 
Solution 
1. Algorithm to lift segments. 
2. Algorithm for fuzzy remapping. 
3. Parallel processing and failure recovery mechanism

Original New Assembly

chromosome
a large deletion

change of order

removed in target assembly new in target assembly

The difficulties in copy number segment liftover

Fuzzy search

Change of chromosome Change of size

Quality control



Results of segment_liftover
• Convert hg18 | hg19 | GRCh38 
• Processed 122,788 files, 

26,164,205 segments and 
28,941,899,671 probes in total 

• A straight forward run took more 
than a week 

• parallel run of 4 processes took 
less than 3 days 

• Reduced data loss: 10% => 0.1% 85%

15% mischro
mislength

remapped and unmapped 

Distribution of unmapped probes Reason of unmapped segments

https://github.com/baudisgroup/segment-liftover



Population stratification in cancer 
samples based on SNP array data

• 2504 genome profiles from 1000 
Genome project phase 1 as reference


• 5 (or 26) superpopulations: South 
Asia, Europe, South America, East 
Asia and Africa.


• SNP positions used in 9 Affymetrix 
SNP arrays are extracted to train a 
population admixture model.
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Population stratification in cancer 
samples based on SNP array data

• Despite extensive somatic mutations of 
cancer profiling data, consistency 
between germline and cancer samples 
reached 97% and 92% for 5 and 26 
populations


• Comparison of our benchmarked results 
with self-reported meta-data estimated 
a matching rate between 88 % to 92%.


• Ethnicity labels indicated in meta-data 
are vague compared to the 
standardized output from our tool
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arrayMap 
Reference resource for copy number variation data in cancer



Progenetix - Cancer CNV 
Information Resource
• launched online in 2001 as progenetix.net 
• curation of published CNV profiling data


• originally cCGH and CNV extraction from 
Mitelman database


• + aCGH, WES, WGS; - karyotype data


• increasingly focused on representing the 
"publication landscape" of cancer genome 
screening - What? Where?


• Genomes:

• 93640 CNV profiles (cCGH, aCGH, WES, WGS) 

from 469 cancer types (NCIt & ICD-O mapping)

• 6'817'645 "CNVs" (i.e. called segments)


• Articles:

• 3229 registered articles


• geographic mapping

• "cancer type" labelling


• represent 174'530 reported samples
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Genome CNV 
coverage in 

Cancer Classes

• 43654 out of 93640 CNV profiles; 
filtered for entities w/ >200 samples 
(removed some entities w/ high CNV 
rate, e.g. sarcoma subtypes) 

• Single-sample CNV profiles were 
assessed for the fraction of the 
genome showing CNVs (relative 
gains, losses) 

• range of medians 0.001 (CML) - 
0.358 (malignant melanomas)

Lowest / Highest CNV fractions =>

0.190
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ACGH

CCGH

WES

WGS

Publication statistics for cancer genome screening studies. The 
graphic shows our as- sessment of publications reporting whole-
genome screening of cancer samples, using molecular detection 
methods (chromosomal CGH, genomic array technologies, whole 
exome and genome sequencing).

For the years 1993-2018, we found 3'229 publications reporting 
174'530 individual samples in single series from 1 to more than 
1000 samples. Y-axis and size of the dots correspond to the 
sample number; the color codes indicate the technology used.


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.

Publication Landscape of Cancer CNV Profiling



GA4GH API promotes sharing  

G





GA4GH 
VISION FOR GENOMIC & HEALTH RELATED 

DATA SHARING IN 2022
Summary:	
• In	2022,	genomic	data	on	tens	of	millions	of	individuals	are	responsibly	accessible	via	GA4GH	
standards.		
• Vast	majority	of	this	data	has	been	generated	due	to	healthcare	approaches	rather	than	research	
commissioned	genomes.	

• Both	research-commission	genomes	and	secondary	use	of	healthcare	genomes	for	research	is	
accessible	due	to	the	consistent	application	of	the	GA4GH	APIs,	SOPs	and	tools.		

• Genomics	data	that	can	be	shared	responsibly,	are	shared	responsibly,	meaning	every	qualified	
clinician,	researcher,	and	corporate	entity	around	the	globe,	shares	and	has	access	to,	the	maximal	
dataset	that	is	privacy	preserving	within	the	context	of	the	relevant	and	localised	consent	and	
authorization	policies.	

• Genomic	and	phenotypic	are	integrated	in	clinical	records	and	form	a	“healthcare	learning	system”.		

• GA4GH	collaborates	and	coordinates	with	the	many	other	global,	national,	regional,	and	enterprise	
activities	within	the	genomics	and	health	ecosystem	and	regularly	engages	policymakers	to	ensure	
ongoing	funding	of	genomic	testing	and	sustainability

Katryn North, 2017



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

 

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

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



Needs & Models Beyond Basic Variant Discovery  
ELIXIR - Towards Biomedical Beacons



structural variations (DUP, DEL) in 
addition to SNV

• … more structural queries 

(translocations/fusions…)

• (bio-) metadata queries


layered authentication system 
using ELIXIR AAI

• quantitative responses

• Beacon queries as entry for data 

delivery (outside Beacon protocol)

• Ubiquitous deployment (e.g. 

throughout ELIXIR network)

• Driver project on GA4GH roadmap

• aligns with Discovery Work Stream

• strong impact on GA4GH 

developments as a concrete, 
funded project 

forwardforwardforwardELIXIR Beacon Project Beacon   forward



beacon-project.io github.com/ga4gh-beacon/



Beacon 2019 
✓ Handover 
✓ Filters 
✓ Renge Queries

beacon.progenetix.org



◦ Beacon+ range queries allow the 
definition of a genome region of 
interest, containing a specified 
variant (or other mappable feature) 

◦ “fuzzy” matching of region ends is 
essential for features without base 
specific positions 

◦ current Beacon implementation 
addresses CNV (<DUP>, <DEL>), as 
are specified in VCF && GA4GH 
variant schema
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start_min: 94,000,000
start_max: 94,500,000

end_min: 98,200,000
end_max: 98,700,000reference_name: “9”

variant_type: “DEL”variant_type: “BND” variant_type: “BND”



GA4GH transitional Variant

• Derived from original GA4GH data schema 
developed by the Data Working Group


• based on the VCF file format

• representation of precise sequence alterations, 

copy number variants and single fusion events

• primary goals


• sample based data storage 

• object model for query APIs (Beacon…)


• not attempting to provide reference variant, 
equivalence functionality


• parallel development of complete object model 
(allele | haplotype …, equivalence) by the 
GA4GH GKS work stream, based on VMC

{
   "biosample_id" : "structdb-bs-nhl-0009876",
   "callset_id" : "structdb-cs-nhl-0009876",
   "created" : "2019-01-22T03:06:45Z",
   "digest" : "6:63450000,63550000-63450000,63550000:DEL",
   "end" : [
      63450000,
      63550000
   ],
   "id" : "structdb-var-123456790",
   "info" : {
      "cnv_length" : 85500000,
      "cnv_value" : -0.294
   },
   "reference_bases" : "N",
   "reference_name" : 6,
   "start" : [
      63450000,
      63550000
   ],
   "updated" : "2019-02-01T12:40:21Z",
   "variant_type" : "DEL"
}

{
   "alternate_bases" : "AC",
   "callset_id" : "DIPG_CS_0290",
   "created" : "2018-11-06T11:46:30.028Z",
   "digest" : "2:203420136:A>AC",
   "genotype" : [
      "1",
      "."
   ],
   "id" : "5be1840772798347f0ed9e8b",
   "reference_bases" : "A",
   "reference_name" : "2",
   "start" : [
      203420136
   ],
   "updated" : "2018-11-06T11:46:30.028Z"
}



Variant Class (schemablocks.org)
{
   "biosample_id" : "structdb-bs-nhl-0009876",
   "callset_id" : "structdb-cs-nhl-0009876",
   "created" : "2019-01-22T03:06:45Z",
   "digest" : "6:63450000,63550000-63450000,63550000:DEL",
   "end" : [
      63450000,
      63550000
   ],
   "id" : "structdb-var-123456790",
   "info" : {
      "cnv_length" : 85500000,
      "cnv_value" : -0.294
   },
   "reference_bases" : "N",
   "reference_name" : 6,
   "start" : [
      63450000,
      63550000
   ],
   "updated" : "2019-02-01T12:40:21Z",
   "variant_type" : "DEL"
}

{
   "alternate_bases" : "AC",
   "callset_id" : "DIPG_CS_0290",
   "created" : "2018-11-06T11:46:30.028Z",
   "digest" : "2:203420136:A>AC",
   "genotype" : [
      "1",
      "."
   ],
   "id" : "5be1840772798347f0ed9e8b",
   "reference_bases" : "A",
   "reference_name" : "2",
   "start" : [
      203420136
   ],
   "updated" : "2018-11-06T11:46:30.028Z"
}



GA4GH {S}[B]
• “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”



Standardized Data Model for 
Consistent Schema Development

• A consistent high-level data model is essential 
for the development of reliable schemas and 
tools for

• genomic and clinical, metadata storage

• development of genomic query and data delivery APIs

• distributed/federated access across separate  

(geographic, logistic) data repositories using 
consistent logical structure:

• "BRCA1 variant in germline sample from a male 

individual with a diagnosis of breast carcinoma 
(ncit:C5214)


• The abstract data model can be expressed in 
different types of implementations

• Phenopackets data exchange standard

• Progenetix database model


• schema-derived object storage datacollections for 
individuals, biosamples, callsets and variants

id
biocharacteristics
provenance
external_references
info
…

Individual

id
biosample_id
technology
provenance
info
…

Callset

id
biosample_id
callset_id
reference_name
start
end
variant_type
alternate_bases
…

Variant

id
individual_id
biocharacteristics
provenance
info
…

Biosample

1/n
cs

1/n
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1/n
bios

1/n
vars
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EHR
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…
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info
…
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start
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…

Variant
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start
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…

Variant
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…
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start
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…

Variant
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start
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…

Variant
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…
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reference_name
start
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…

Variant
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start
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…

Variant
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Data 
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Phenopacket



Random Thoughts on "Big Data" CNVs for Cancer Genomics

• Data accessibility - quantity 
• open data w/ "just in time" access & active work to open repositories, archives 
• data curation and long term storage has to be promoted and supported 

• New technologies for qualitatively new possibilities 
• deep WGS with molecular reconstruction of complex events (chromothripsis / kategesis / chromoplexis...) 

• Annotation and exchange formats have to move towards extensible models 
• referring reference genome positions, w/ remapping, provenance 
• technology agnostic (but provenance...) 

• Search and exchange APIs have to accommodate distributed and/or federated data access 
models 
• modular object design, independent from backend structure 
• common interfaces/service APIs/registries
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