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Theoretical Cytogenetics and Oncogenomics
... but what does this entail @baudisgroup? 

• patterns & markers in cancer genomics, especially somatic structural 
genome variants 

• bioinformatics support in collaborative studies 

• reference resources for curated cancer genome variations 

• bioinformatics tools & methods 

• standards and reference implementations for data sharing in genomics 
and personalized health 

• open research data "ambassadoring"



Bioinformatician Bioinformatician

strong biological knowledge sufficient biological background

provides hypothesis and / or dataset provides statistical, analysis methods

sufficient statistical and 
computational expertise to correctly 

use bioinformatics tools & develop 
workflows (scripting ...)

sufficient biological or medical 
background to understand problems 

presented and identify pitfalls and hidden 
biases arising from data generation

expert user of informatics tools developer of informatics tools

may get a Nobel may get rich

Bioinformatics & Bioinformaticians are ...
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{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; 
} 



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
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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



progenetix.net: storage and visualization of genomic aberration data in human malignancies
michael baudis, md

Over the last decade, techniques for the genome wide scanning for
genomic imbalances in malignant neoplasia have been developed, e.g.
Comparative Genomic Hybridization (CGH).

Currently, no comprehensive online source for CGH data with a
standardized format suitable for data mining procedures has been
made available for public access. Such a data repository could be
valuable in identifying genetic aberration patterns with linkage to
specific disease entities, and provide additional information for
validating data from large scale expression array experiments.

A case and band specific aberration matrix was selected as most
suitable format for the mining of CGH data. The [progenetix.net] data
repository was developed to provide the according data to the
research community for a growing number of human malignancies.

In the current implementation, two main purposes are being served.
First,  access to the band specific pattern of chromosomal imbalances
allows the instantaneous identification of genomic “hotspots”.
Second, the band specific aberration matrices can be included in data
mining efforts. As an example, the clustering off all informative cases
from the current (September 2001) dataset is shown here (online
source under www.progenetix.net/bcats/clustered.png). 

Hierarchical clustering of band specific chromosomal imbalances from 999 human
neoplasias, contained in the [progenetix.net] collection. Cases without aberrations were
excluded. 

Data selection
PubMed is searched for publications applying CGH to the analysis
of malignant tumors. Articles are selected according to their online
availability and the description of genomic imbalances on a per
case basis.

Transformation of input data
Chromosomal aberration data is transformed via customized
parsing commands to a common format adherent to ISCN 1995
recommendations. In some cases, aberration data was transcribed
from graphical representations or provided by the authors.

Data storage
Currently, the primary data is stored in a dedicated “off-line”
database. Besides case identifier and ISCN adapted chromosomal
imbalance data, tumor classification and source information
including the PubMed identifier is recorded. Disease entities are
reclassified to ICD-O-3 codes.

Text parsing and generation of aberration matrix
For the generation of the case and band specific aberration matrix,
a dedicated text pattern comparison model was developed using
Perl. Briefly, for each chromosomal band, the aberration field of
each case is searched for a variety of patterns containing
aberration information applying to that band. A matrix with
current ly  324 band resolut ion is  generated,  annotat ing
chromosomal gains with “1” and losses with “–1”; localized high-
level gains are designated “2“.

Website generation
For graphical representation of chromosomal imbalances, HTML
pages containing different views of the underlying aberration
matrices are generated using Perl. Graphics are implemented using
HTML syntax. Besides band specific, whole genomic overviews,
chromosome specific pages with links to all involved cases are
generated for each ICD-O-3 entity as well as for each registered
project. Additionally, those representations are available for
several subsets combining related data (e.g. all lymphoid
neoplasias, breast carcinoma cases). For each of the groups, the
according aberration matrix is linked for download.

Michael Baudis | BCATS Biocomputing at Stanford I | Stanford Nov 2001
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Progenetix.net: an online repository for
molecular cytogenetic aberration data
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ABSTRACT
Summary: Through sequencing projects and, more
recently, array-based expression analysis experiments,
a wealth of genetic data has become accessible via
online resources. In contrast, few of the (molecular-)
cytogenetic aberration data collected in the last decades
are available in a format suitable for data mining pro-
cedures. www.progenetix.net is a new online repository
for previously published chromosomal aberration data,
allowing the addition of band-specific information about
chromosomal imbalances to oncologic data analysis
efforts.
Availability: http://www.progenetix.net
Contact: mbaudis@stanford.edu

Neoplastic transformation and progression is the result of
genetic defects arising in normal cells and giving rise to a
malignant clone. During the process of oncogenesis, some
of the usually multiple steps required for acquisition of
the full neoplastic phenotype may represent themselves as
numerical or structural abnormalities in the chromosomes
of the transformed cells.

Over the last decades, the analysis of chromosomal
abnormalities in malignant cells has gained importance
in oncologic research as well as in clinical practice. A
vast number of genetic abnormalities has been identified
in the virtually complete range of human neoplasias.
Several attempts have been undertaken for collection and
classification of those abnormalities, the most widely
recognized being the catalog by Mitelman and co-workers
(Mitelman, 1994; online access through http://cgap.nci.
nih.gov/Chromosomes/Mitelman).

In addition to metaphase analysis of short-term
cultivated tumor cells or tumor cell lines, molecular
cytogenetic techniques have recently been applied to the
analysis of chromosomal abnormalities in primary tumor
tissues. One of the more widely used screening techniques
is Comparative Genomic Hybridization (CGH; Kallion-

∗To whom correspondence should be addressed.

iemi et al., 1992; du Manoir et al., 1993). Briefly, this
method is based on the competitive in-situ hybridization
of differentially labeled tumor versus normal genomic
DNA to normal human metaphase spreads. The calcu-
lation of the intensity ratios of the two fluorochromes
gives an overview about relative gains and losses of DNA
in the tumor genome with mapping to the respective
chromosomal bands. The identification of frequently
imbalanced regions in tumor entities may point towards
tumor suppressor gene or proto-oncogenes mapping to
the respective chromosomal bands. Usually, the result of
those experiments is communicated either in text format
according to the International System for Cytogenetic
Nomenclature (Mitelman, 1995) or graphically, with
aberration bars next to chromosomal ideograms for the
representation of chromosomal gains and losses.

Because in each experiment CGH analysis covers the
whole number of chromosomes, the comparision of data
sets from related malignancies could lead to the delin-
eation of common as well as divergent genetic pathways
defining the respective malignant phenotypes. Although
an extremely large number of malignant tumors has been
analyzed using this technique, no comprehensive CGH
database with band-specific chromosomal aberration
information is publicly available†.

A minimal requirement for such a database would be
the conversion of the text or graphical information used
in publications to data tables, representing the information
about the aberration status of single chromosomal bands
for each case. For the site discussed here, this process
includes: (1) the transformation of the published results
in a format adapted from the ISCN, and (2) the automatic
generation of the band specific aberration table.

Due to format variations of the published data, step 1
consists of the manual conversion of the text data or
evaluation and conversion of the graphical representations,
respectively. Due to the (in computational terms) odd

† Links to a number of online CGH resources with different scopes can be
found at www.progenetix.net.

1228 c⃝ Oxford University Press 2001



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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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
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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
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Higher level of 
CNV coverage 
of the genomes 
of cancer cell 
lines compared 
to their origins

Fold changes between 
genome CNV 

coverages of cell lines 
and tumors
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22

pgxbs-kftvjjmk, progenetix
pgxbs-kftvjjmv, progenetix
pgxbs-kftvjjmn, progenetix
pgxbs-kftvjjn0, progenetix
pgxbs-kftvgjf1, progenetix

pgxbs-kftvkmw0, cancercelllines
pgxbs-kftvkmw1, cancercelllines

pgxbs-kftvkwo9, progenetix
pgxbs-kftvl3vs, progenetix
pgxbs-kftvla5k, progenetix

pgxbs-kftvkmue, cancercelllines
pgxbs-kftvkmug, cancercelllines

pgxbs-kftvgix2, progenetix
pgxbs-kftvkwah, progenetix
pgxbs-kftvkwdm, progenetix
pgxbs-kftvgiwe, progenetix
pgxbs-kftvgnqz, progenetix
pgxbs-kftvgjcx, progenetix
pgxbs-kftvgjf0, progenetix

pgxbs-kftvkwc2, progenetix
pgxbs-kftvkwlq, progenetix
pgxbs-kftvgjdv, progenetix
pgxbs-kftvl1d6, progenetix
pgxbs-kftvgjr6, progenetix

pgxbs-kftvksxi, cancercelllines
pgxbs-kftvj3t4, cancercelllines

pgxbs-kftvksec, cancercelllines
pgxbs-kftvgjsg, progenetix
pgxbs-kftvl1aa, progenetix
pgxbs-kftvgjd5, progenetix
pgxbs-kftvl59w, progenetix
pgxbs-kftvkwtt, progenetix

pgxbs-kftvl4m7, progenetix

• Lung Small Cell 
Carcinoma Subpopulation


• Cell Lines:


• CVCL_1140: COR-
L279


• CVCL_1455: NCI-
H1105


• CVCL_1527: NCI-
H2107
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Tumor subpopulations can be matched 
with highly similar cell lines
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Amelanotic Melanoma
NCIT:C3802 (43 samples)

25%

25%

50%

50%

75%

75%

MDA-MB-435
CVCL_0417 (21 samples)

25%

25%

50%

50%

75%

75%

Breast Ductal Carcinoma
NCIT:C4017 (10097 samples)

25%

25%

50%

50%

75%

75%

MCF-7
CVCL_0031 (57 samples)

25%

25%

50%

50%

75%

75%
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Tumor subpopulations can be matched 
with highly similar cell lines?!
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CNV profiles heterogeneity vs cancer classification
Correspondance of genomic profiles to NCIT cancer hierarchy
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“group 3”

“group 4”

WNT

Copy number profiles from 889 primary medulloblastomas

Intertumoral heterogeneity with medulloblastoma subgroups. 
Cavalli, Florence MG, et al. "Intertumoral heterogeneity within medulloblastoma subgroups." 
Cancer Cell 31.6 (2017): 737-754.

CNA & Cancer heterogeneity
Cancer type definitions can be improved by the addition of molecular parameters as subtype markers or even complete 
re-evaluation of entity definitions from molecular subtypes with distinct functional mechanisms and clinical trajectories. 
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Results
Entity CNV heterogeneity: Neuroblastoma
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Results
Entity CNV heterogeneity: Glioblastoma
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Rameen et al 2010 Nature

( low amplitude

e.g. single-copy 

changes )

( high amplitude )

MYCN amplification in 
neuroblastoma 
(GSM314026,  SJNB8_N cell line)

CNV Categorization 
different levels of CNV
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EFO Beacon VCF SO GA4GH VRS1.3

EFO:0030070  
copy number gain DUP or EFO:0030070 DUP


SVCLAIM=D
SO:0001742 
copy_number_gain

EFO:0030070  
gain

EFO:0030071  
low-level copy number gain DUP or EFO:0030071 DUP


SVCLAIM=D
SO:0001742 
copy_number_gain

EFO:0030071  
low-level gain

EFO:0030072  
high-level copy number gain DUP or EFO:0030072 DUP


SVCLAIM=D
SO:0001742 

copy_number_gain

EFO:0030072  
high-level gain

EFO:0030073 

focal genome amplification DUP or EFO:0030073 DUP


SVCLAIM=D
SO:0001742 
copy_number_gain

EFO:0030072  
high-level gain

EFO:0030067  
copy number loss DEL or EFO:0030067 DEL


SVCLAIM=D
SO:0001743 
copy_number_loss

EFO:0030067  
loss

EFO:0030068  
low-level copy number loss DEL or EFO:0030068 DEL


SVCLAIM=D
SO:0001743 
copy_number_loss

EFO:0030068  
low-level loss

EFO:0020073  
high-level copy number loss DEL or EFO:0020073 DEL


SVCLAIM=D
SO:0001743 
copy_number_loss

EFO:0020073  
high-level loss

EFO:0030069  
complete genomic deletion

DEL or EFO:0030069
 DEL

SVCLAIM=D

SO:0001743 
copy_number_loss

EFO:0030069  
complete genomic loss

in computational (file/schema) formats
CNV Term Use Comparison

http://www.ebi.ac.uk/efo/EFO_0030072
http://www.sequenceontology.org/browser/current_release/term/SO:0001742


Segmentation

a step to split the 
chromosomes into regions of 
equal copy number that 
accounts for the noise in the 
data.

Genomic location

Signal from probes in microarray or from reads in NGS

Low-level dup

Low-level del High-level del

High-level dup

0

2

Lo
g 

R

GSM454017

1 3 5 7 9 11 13 15 17 19 21 23

2 4 6 8 10 12 14 16 18 20 22

segment annotation for tumor copy number variation profiles
labelSeg

0

2

Lo
g 

R

GSM454017

1 3 5 7 9 11 13 15 17 19 21 23

2 4 6 8 10 12 14 16 18 20 22

threshold for calling 

threshold for calling 

Dup

Del

Lead: Hangjia Zhao



segment annotation for tumor copy number variation profiles
labelSeg

Smaple 
ID Chr Start End #Mar

ker logR

S1 1 9965785 10911995 450 0.306

… … … … … …

S1 X 3236359  155677414 63741 0.005

baselinelow-del 
target

low-dup 
target

C4

C5

C6

VC5 VC6VC4

Feature value of each cluster
(logR value closest to 0)VC1 VC2VC3

Tlow-level deletion
(VC3+2×σC3)

baselinelow-del 
target

Tlow-level duplication
(VC2-2×

low-dup 
target

C1 C2C3

VC1 VC2VC3

Feature value of each cluster
(segment-length weighted mean of logR)

Step1: cluster long segments based on logR

VC1 VC2VC3

C2C3 baseline

Step2: determine baseline

Step3: determine target low-level clusters Step4: cluster short segments based on logR

Thigh-level deletion
(VC4)

baselinelow-del 
target

low-dup 
target

high-del target

C5

VC5 VC6VC4

high-dup target

Thigh-level duplication
(VC6)

Step5: determine target high-level clusters 
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logR
0

0

1

1-1
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Step6: SCNA calling using estimated thresholds

INPUT: individual .seg files OUTPUT: individual .seg files with SCNA labels

Uniform clustering (HDBSCAN)

Smaple 
ID Chr Start End #Mar

ker logR Label

S1 1 9965785 10911995 450 0.306 +1

… … … … … …

S1 X 3236359  155677414 63741 0.005 0

C2σ )

A

B

C
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Lead: Hangjia Zhao



data: NCIT:C4536 (13 samples)
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Rameen et al 2010 Nature

( low amplitude

e.g. single-copy 

changes )

( high amplitude )

MYCN amplification in 
neuroblastoma 
(GSM314026,  SJNB8_N cell line)
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Where does 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.





GA4GH API promotes sharing  

G
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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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Centralized Genomic 
Knowledge Bases

Data Commons 
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repository of multiple 
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Hub and Spoke 
Common data elements, 
access, and usage rules

Linkage of distributed 
and disparate datasets
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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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repository of multiple 
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Swiss Personalized Health Network I Dr Katrin Crameri

The Swiss Personalized Health Network 

October 2023 46

SPHN Data Coordination Center (DCC) 
BioMedIT Network

Personalized Health  
Informatics Group
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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 

Federation
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A New Paradigm for Data Sharing

Data Copying Data Visiting

FROM TO
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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



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



Beacon v2

IndividualsBiosamples

Runs

Analyses

Genomic Variations

Datasets

Cohorts

Beacon 
Framework 
(protocol)

Beacon Model

docs.genomebeacons.org 

http://docs.genomebeacons.org


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



ga4gh.org

Beacon API v2

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

Approved: April 21, 2022

Example Users



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



Progenetix and GA4GH Beacon
Implementation driven development of a GA4GH standard

progenet x



Implementation driven standards development

• Progenetix Beacon+ has served as 
implementation driver since 2016


• prototyping of advanced Beacon 
features such as


➡ structural variant queries 

➡ data handovers 

➡ Phenopackets integration

Progenetix & Beacon
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From Beacon Query to Explorative 
Analyses of CNV Patterns

• Since 2016 the Progenetix resource has been used to 
model options for Beacon development


‣ 138334 individual samples from 698 cancer types


• The consistent use of hierarchical diagnostic codes 
allows the use of Beacon "filters" for 
histopathological/clinically scoped queries


• Beacon's handover protocols can be utilized for data 
retrieval and, well, handing over to additional services, 
e.g. 


‣ downloads


‣ visualization


‣ use of external services (UCSC browser display...)

progenet x

Beacon+ by Progenetix



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 limitatiions of "fuzzy" 
disease annotations

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

progenet x



Implementation of Current Options

• (so far) the Beacon model does not 
define explicit query types 

• disambiguation of parameters is left to 
implementers 

• implicit query types: 
➡ allele/sequence query 
➡ range query, w/ or w/o additional 

parameters 
➡ bracket query (e.g. sized CNVs) 
➡ aminoacid, HGVS, gene

Beacon Queries

beaconplus.progenetix.org



Range ("anything goes") Request

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

Beacon Queries



Bracket ("CNV") Query

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

Beacon Queries



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



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?
• implement procedures and standards 

supporting data discovery (FAIR 
principles) and federation 
approaches


• forward looking consent and data 
protection models adhering to ORD 
principles ("as secure as necessary, 
as open as possible")


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


➡ Collaborate!

CDKN2A:DEL 
size<1Mb 

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



What Can You Do?
• implement procedures and standards 

supporting data discovery (FAIR 
principles) and federation 
approaches


• forward looking consent and data 
protection models adhering to ORD 
principles ("as secure as necessary, 
as open as possible")


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


➡ Collaborate!

"Internet of Genomics"

CDKN2A:DEL 
size<1Mb 

granularity:record 
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DUO:0000004 
HP:0003621



https://cnvar.org/

ELIXIR hCNV Community
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Genomic Data & Privacy
Risks & opportunities



A genetically inferior man assumes the 
identity of a superior one in order to 
pursue his lifelong dream of space travel.

• genetic determinism 
‣ main character has been determined to be 

unsuitable for complex jobs based on 
genetic analysis 

• genetic identification 
‣ the use of genetic sampling for personal 

identification is daily routine

Gattaca (1997)

With information from https://www.imdb.com/title/tt0119177/



17 : 7577121 G > A

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

collections 
YES | NO | \0



Genome Beacons 
Compromise 
Security? 
Querying for thousands of 
specific SNV occurrences in a 
genomic data pool can identify 
individuals in an anonymized 
genomic data collection



GENOMIC PRIVACY

IDENTIFICATION OF INDIVIDUALS FROM MIXED COLLECTIONS USING RARE ALLELES

▸ rare allelic variants can be used to identify an individual (or her relatives) in a genome 
collection without having access to individual datasets 

▸ however, such an approach requires previous knowledge about the individual's SNPs



Direct to Consumer DNA Analyses
Population Background, Family Trees, Traits & Disease Risks...



–William Gibson in "Johnny Mnemonic" (1986)

“We’re an information economy. They teach you that 
in school. What they don’t tell you is that it’s 

impossible to move, to live, to operate at any level 
without leaving traces, bits, seemingly meaningless 
fragments of personal information. Fragments that 

can be retrieved, amplified . . .” 



From DNA to "Wanted" Posters?

• association of genomic variants with 
phenotypic data collection 

• while hair, eye color are easy targets not 
useful for relevant phenotypic features 
especially if large environmental component 

• huge biases based on input/collection data 

• Belgium and Germany do not allow forensic 
DNA phenotyping 

• Switzerland: Bundesrat decision on 
2020-12-04 to allow phenotyping for law 
enforcement purposes

Phenotyping from DNA Paragon Nanolabs Inc.
The Snapshot DNA 

Phenotyping Service

https://snapshot.parabon-nanolabs.com/phenotyping

"When the New York Times ran an informal test of the Parabon system with one of its reporters, 
it failed badly." (ACLU.org)

http://www.nytimes.com/2015/02/24/science/dna-generated-faces.html


• Commercial, "Direct to Customer" DNA analyses 
are provided through independent sites and such 
affiliated to genealogy services (MyHeritage, 
Ancestry.com, 23andMe...) 

• Genealogy sites identify individuals with matching 
haplotype blocks & provide a prediction about 
degree of genetic relation 

• Law enforcement agencies (and who else?!) can 
send individual SNP profiles (e.g. recovered from 
evidence many years after a crime) using a Jane 
Doe identity, to identify relatives of the suspect - 
long range familial search

Long-Range Familial Searches

© Copyright 2018 Daily Journal, 1242 S Green St Tupelo, MS

The New York Times, April 26, 2018



DNA & Law Enforcement
Legal minefields, hard to avoid?
• "...when police in Edmonton, Canada, released a suspect’s image, the 

crude graphic ... came from the suspect’s DNA." 

• "...every time a family member sends in their swab, they’re sending in 
your data too..." 

• "...many players in this growing movement offer to translate our genetic 
code into phenotypes (that is, observable features like eye color), often 
with scant commitment to scientific accuracy..." 

• "...Veering into pseudoscience, they are a modern sales pitch for the 
long-discredited phrenology of the past. They wrongly treat race as a 
biological fact, rather than the social construct that it is. And in the 
process, they open all the flaws of facial recognition to new realms..." 

• "...we first have to change our focus from preventing DNA collection to 
preventing misuse and managing access..." 

• "The answer is simple: Ban DNA searches ... beyond the types of one-
to-one DNA tests that are subject to judicial oversight..." th
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But genotyping itself is for professional labs, right?



The MinION (Oxford Nanopore) 
Source: Sophie Zaaijer 

https://medium.com/neodotlife/nanopore-6443c81d76d3


Sophie Zaaijer, Assaf Gordon, Robert Piccone, Daniel Speyer, Yaniv Erlich, 2016 
ddf.teamerlich.org

DEMOCRATIZING DNA FINGERPRINTING

DNA sequencing for identification/fingerprinting soon 
“commodity” technology (in contrast with 
technological/data challenges in “precision medicine”)



SAFETY

PRIVACY SECURITY
ACCESS

BENEFIT

CONSENT

LAWSHACKERS

HEALTH

Health 
Insurance 
Portability and 
Accountability 
Act

Generalkonsent

Genetic 
Information 
Nondiscrimination 
Act 

CRYPTOGRAPHY

BLOCKCHAIN

Right to Research



• The Beacon concept - balanced 
approach for accessing genome variant 
data from internationally distributed 
resources


• However: Genome data has the inherent 
“risk” of being identified and linked to a 
person

Share YOUR Genome 
data?

Solutions from 
Technology or Society? 

Discourse!



It has now been confirmed that an additional 6.9 million 
23andMe users had ancestry data stolen after hackers 
accessed thousands of accounts by likely reusing previously 
leaked passwords.
... Wired estimated that "at least a million data points from 
23andMe accounts" that were "exclusively about Ashkenazi 
Jews" and data points from "hundreds of thousands of users 
of Chinese descent" seemed to be exposed.
... prompting a spokesperson to confirm that two groups of 
users who opted into the DNA Relatives feature had their 
personal data stolen.
23andMe describes the DNA Relatives feature as ... 
"allowing you to find and connect with genetic relatives and 
learn more about your family." By opting in, users hope to 
find lost family members by willingly giving others access to 
information like their birth year, current location, and 
ancestors' names and birth locations. Users can opt out at 
any time ...
... about 5.5 million users, was hacked after opting in to 
automatically sharing information with DNA Relatives, 
including their "name, birth year, relationship labels, the 
percentage of DNA shared with relatives, ancestry 
reports, and self-reported location," TechCrunch reported. 
... about 1.4 million users, shared "Family Tree profile 
information"  ... including display names, relationship labels, 
birth year, and self-reported location, TechCrunch reported.

https://www.wired.com/story/23andme-credential-stuffing-data-stolen/
https://customercare.23andme.com/hc/en-us/articles/115004659068-DNA-Relatives-The-Genetic-Relative-Basics
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Human Rights Foundation

91

“Everyone has the right to the protection of the 
moral and material interests resulting from any 
scientific, literary or artistic production of which 
he is the author.” 

“The Right to Science”

“Everyone has the right freely to participate in 
the cultural life of the community, to enjoy the 
arts and to share in scientific advancement 
and its benefits.”

Universal Declaration of Human Rights (1948)

27(1) 27(2) “The Right to Recognition”




