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Theoretical Cytogenetics and Oncogenomics

... but what does this entail @baudisgroup?

® patterns & markers in cancer genomics, especially somatic structural
genome variants i T
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lioblastoma (NCIT:C3058)

® pioinformatics support in collaborative studies
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® reference resources for curated cancer genome variations e,
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® bioinformatics tools & methods progenet:x W

® standards and reference implementations for data sharing in genomics

and personalized health a
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® Open research data "ambassadoring )



Bioinformatics & Bioinformaticians are ... &

Bioinformatician Bioinformatician

strong biological knowledge sufficient biological background

orovides hypothesis and / or dataset provides statistical, analysis methods

sufficient statistical and sufficient biological or medical
computational expertise to correctly background to understand problems

use bioinformatics tools & develop presented and identify pitfalls and hidden
workflows (scripting ...) biases arising from data generation

expert user of informatics tools developer of informatics tools

may get a Nobel may get rich
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{bio_informatics_science}

“T SPEND A LOT OF TIME ON THIS TASK.
T SHOULD LJRITE A PROGRAM AUTOMATING IT!™

if (Sprobefile I~ Aw/) {
if (Bpgx->{samples}->[0]->{paths}->{probefile} =~ Aw\.\w/) {
$probefile = $pgx->{samples}->[0]->{paths}->{probefile} }
else {
my $seriesld = (split("::', $pgx->{samples}->[0]->{id})[1];
my $arrayld = (split("::', $pgx->{samples}->[0]->{id})[2];
$probefile = $pgx->{parameters}->{genome}.'/ . $seriesld.'/".$arrayld.'/probes,cn.tsv'
}
$probefile =~ s/AV//,

$probefile = $pgx->{config}->{paths}->{dir_array_base_path}.'/". $probefile;
}
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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)
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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).

Xx-.het

-

progenet

Registered Projects
Currently, [progenetix.net] includes informations about 1238 cases from 50 different projects.

progenetix
pbout

Study Title Technique Citation
(link to casetable)

the aberre atrix of the subset

Losses @) Gains (9-Y)

Losses (1-8)Cl ins (1-8)

oo 25%
29% i p N

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
currently 324 band resolution is generated, annotating
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.

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

APPLICATIONS NOTE 3.7,
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Progenetix.net: an online repository for

O,g# molecular cytogenetic aberration data
" Michael Baudis " 4* and Michael L. Cleary?®
2 "Medizinische Klinik und Poliklinik V/ der Universitédt Heidelberg, Germany and
2Department of Pathology, Stanford University Medical Center, Stanford, CA 94305,
USA
Received on July 5, 2001; revised on July 9, 2001; accepted on July 16, 2001
ABSTRACT iemi et al., 1992; du Manoir et al., 1993). Briefly, this

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
1s Comparative Genomic Hybridization (CGH; Kallion-

*To whom correspondence should be addressed.

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.
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Cancer genome data @ progenetix.org

progenetix.org

Cancer Genomics Reference Resource

|
£
—progenetzx
Cancer CNV Profiles
ICD-0O Morphologies

The Progenetix database provides an overview of mutation data in cancer, with a focus on
copy number abnormalities (CNV / CNA), for all types of human malignancies. The data is
based on individual sample data from currently 142063 samples.

ICD-0 Organ Sites

Cancer Cell Lines Floor of the Mouth Neoplasm (NCIT:C4401)

Clinical Categories 1 12 13 14 15 16 17 18 19202122

1 2 3 4 5 6 7 8 9 10
01 1 LR 0T 10 S T
Search Samples 75 75

50- -50

* over 116'000 cancer CNV profiles arrayMa

01 N = __ ——— ——] — || -0
_25"‘ ""‘l — "'""l "'I' rr—" P - r ‘f" | | o
TCGA Samples o 50

-75- =75

* open resource for oncogenomic profiles

1000 Genomes 126 samples
Reference Samples

CC BY 4.0 progenetix.org (2022)

* more than 800 diagnostic types

Download SVG | Go to NCIT:C4401 | Download CNV Frequencies
DIPG Samples

Example for aggregated CNV data in 126 samples in Floor of the Mouth Neoplasm.

* inclusion of reference datasets (e.g. TCGA)
» standardized encodings (e.g. NCIt, ICD-0O 3)
e identifier mapping for PMID, GEO, Cellosaurus,

cBioPortal Studies

Here the frequency of regional and losses are displayed for all 22 autosomes.

Gao & Baudis, 2021

Publication DB

Progenetix Use Cases
Genome Profiling g U ¢

chromosome 9

Progenetix Use .
Local CNV Frequencies

Services

TCGA, cBioPortal where appropriate

NCIt Mappings
UBERON Mappings

75
259

MTAP
plo?ononx, org: 670 Gioblastomas
CDKN2A with focal deletion in CDKN2A locus
CDKN2B

A typical use case on Progenetix is the search for local copy
number aberrations - e.g. involving a gene - and the
exploration of cancer types with these CNVs. The [ Search

P I " " I d (TN M " I ) Page | provides example use cases for designing queries. Results contain basic statistics as
COre C I n ICa‘ ata J Sex’ Su rVIVa e Upload & Plot well as visualization and download options.
. . Beacon+ Cancer CNV Profiles
* dat PPINgG
a a m a I n SerVICeS Documentation The progenetix resource contains data of 834 different cancer types (NCIt neoplasm
classification), mapped to a variety of biological and technical categories. Frequency
News

recent addition of SNV data for some series

=
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Bioinformatics

Downloads & Use
Cases

Sevices & API

Baudisgroup @ UZH

profiles of regional genomic gains and losses for all categories (diagnostic entity,
publication, cohort ...) can be accessed through the [ Cancer Types ] page with direct
visualization and options for sample retrieval and plotting options.

Cancer Genomics Publications

Through the [ Publications ] page Progenetix provides 4164 annotated references to
research articles from cancer genome screening experiments (WGS, WES, aCGH, cCGH).
The numbers of analyzed samples and possible availability in the Progenetix sample
collection are indicated.



Cancer Types by National Cancer Institute NCIt Code

The cancer samples in Progenetix are mapped to several classification systems. For each of the classes,
aggregated date is available by clicking the code. Additionally, a selection of the corresponding samples

|
can be initiated by clicking the sample number or selecting one or more classes through the checkboxes.

Ca n ce r G e n O m i cs Refe re n ce Reso u rce Sample selection follows a hierarchical system in which samples matching the child terms of a selected

class are included in the response.

Hierarchy Depth: 4 levels

* open resource for oncogenomic profiles

e Over 116'000 cancer CNV profiles v NCIT:C3262: Neoplasm (144956 samples, 118106 CNV profiles)

> NCIT:C3263: Neoplasm by Site (112295 samples, 111637 CNV profiles)
° more than 800 diagnOStiC typeS 2 NCIT:C000000: Unplaced Entities (27417 samples, 1219 CNV profiles)
v NCIT:C4741: Neoplasm by Morphology (110745 samples, 110092 CNV profiles)
> NCIT:C27134: Hematopoietic and Lymphoid C... (26137 samples, 26137 CNV profiles)

* inclusion of reference datasets (e.g. TCGA) > NOIT:C3422: Tophoblastic Tumor (49 samples, 49 CNV prolles]

v NCIT:C35562: Neuroepithelial, Perineurial, and... (11770 samples, 11129 CNV profiles)
° Stan d ard |Zed en COd | N g S (e - g _ N C I't , I C D _O 3) v NCIT:C3787: Neuroepithelial Neoplasm (11356 samples, 10715 CNV profiles)
v NCIT:C3059: Glioma (8825 samples, 8183 CNV profiles)
v NCIT:C129325: Diffuse Glioma (6123 samples, 6137 CNV profiles)

¢ identifier mappi ng fOr P M I D! G EO! Cel Iosau rus! > NCIT:C182151: Diffuse Midline Glioma (2 samples, 2 CNV profiles)
TCGA, CBiO Portal Where appropriate > NCIT:C3058: Glioblastoma (4370 samples, 4384 CNV profiles)

NCIT:C3288: Oligodendroglioma (500 samples, 500 CNV profiles)
2 NCIT:C3903: Mixed Glioma (391 samples, 391 CNV profiles)

¢ CO re CI i n ical data (TN M y Sex, Su rVivaI (L -) NCIT:C4326: Anaplastic Oligodendro... (203 samples, 203 CNV profiles)

2> NCIT:C7173: Diffuse Astrocytoma (115 samples, 115 CNV profiles)

o d ata m ap pi n g SerViceS NCIT:C9477: Anaplastic Astrocytoma (542 samples, 542 CNV profiles)

> NCIT:C132067: Low Grade Glioma (1503 samples, 1503 CNV profiles)
o . NCIT:C4324: Astroblastoma, MN1-Altered (12 samples, 12 CNV profiles)
. t addit f SNV data f m ,
recent aadition o dlad TOr some series | _ .
NCIT:C4822: Malignant Glioma (5598 samples, 5418 CNV profiles)
NCIT:C6770: Ependymal Tumor (627 samples, 627 CNV profiles)
NCIT:C6958: Astrocytic Tumor (5882 samples, 5896 CNV profiles)

v vV VvV Vv

NCIT:C6960: Oligodendroglial Tumor (703 samples, 703 CNV profiles)

p 2 NCIT:C8501: Brain Stem Glioma (2 samples, 2 CNV profiles)
> NCIT:C3716: Primitive Neuroectodermal T... (2213 samples, 2214 CNV profiles)

SWiSS Institute Of > NCIT:C4747: Glioneuronal and Neuronal Tumors (89 samples, 89 CNV profiles)
Bioinformatics

Universitat
Ziirich™ —progenet

> NCIT:C6965: Pineal Parenchymal Cell Neoplasm (51 samples, 51 CNV profiles)



Cancer Types by National Cancer Institute NCIt Code

progenetix.org

Cancer Genomics Reference Resource i e

» open resource for oncogenomic profiles o
* over 116'000 cancer CNV profiles v et Glioblastoma (NCIT:C3058)
i _ : | Sample Counts
* more than 800 diagnostic types ) . 4370 samples
. - e 4286 direct NCIT:C3058 code matches
* inclusion of reference datasets (e.g. TCGA) > oy T SO e
y | earch Samples
» standardized encodings (e.g. NCIt, ICD-0O 3) 0 e Se'“"""”ff":‘gSa:"'e;”:‘;S‘*‘a“”
v Raw Data (click to show/hide
e identifier mapping for PMID, GEO, Cellosaurus, | basoma MG Canee
TCGA, cBioPortal where appropriate 4w o e anE
O {100 0T T 1 A1 Y W A
e core clinical data (TNM, sex, survival ...) | N -
2o TemaTTT - "—r-.—"""-"'-l"'-'! bl |
e data mapping services
» recent addition of SNV data for some series ———
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progenetix.org

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-0O 3)

e identifier mapping for PMID, GEO, Cellosaurus,

TCGA, cBioPortal where appropriate
» core clinical data (TNM, sex, survival ...)
e data mapping services

e recent addition of SNV data for some series

“\ Universitat s
—progenetzx—
; Zurich p rﬁge-ﬁ t T Swiss Institute of

Bioinformatics

Search Samples

CDKNZ2A Deletion Example MYC Duplication TP53 Del. in Cell Lines

K-562 Cell Line

% Gene Spans & Cytoband(s)

or diagnosis.

Dataset
Progenetix X
Gene Symbol

Select...

NC_000009.12
Start or Position
21500001-21975098

Minimum Variant Length

Reference ID(s)
Select...

Cancer Classification(s)

NCIT:C3058: Glioblastoma (4... X

Genotypic Sex

Select...

Filters Filter Logic

AND
Response Limit [ Page Size
1000
City

Select...

This example shows the query for CNV deletion variants overlapping the CDKN2A gene's
coding region with at least a single base, but limited to "highly focal" hits (here i.e. <=
~TMbp in size). The query can be modified e.g. through changing the position parameters

EF0:0030067 (copy number deletion)
End (Range or Structural Var.)
21967753-22500000

Maximal Variant Length

Cohorts

Clinical Classes

Select...

Biosample Type

Select...
Include Child Terms
Select...
Skip Pages
0



progenetix.org

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-0O 3)

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

» core clinical data (TNM, sex, survival ...)
* data mapping services

e recent addition of SNV data for some series

: L P

Un %) Universitat z é
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z Zurich -e-ﬁ T Swiss Institute of
Bioinformatics

Edit Query

Assembly: GRCh38 Chro: refseq:NC_000009.12 Start: 21500001-21975098
End: 21967753-22500000 Type: EFO:0030067 Filters: NCIT:C3058

progenetix

Matched Samples: 657 UCSC region & Visualization options
Retrieved Samples: Variants in UCSC £

Variants: 276 Dataset Responses (JSON) “

Calls: 659

Results Biosamples Biosamples Map Variants

(progenetix)

13 14 15 16 17 18 19202122

1 2 3 4 5 6 7 8 g 10 1 12
(VOER ODE OO0 O RO OO OB VO ATt O ol o e
' we— ‘”*”-—"rl—""'-.'“w—--‘—-l

Reload histogram in new window £

Matched Subset Codes Subset Samples Matched Samples Subset Match
Frequencies

pgx:icdot-C71.4 4 1 0.250
pgx:icdom-94403 4286 653 0.152
NCIT:C3058 4370 653 0.149
pgx:icdot-C71.1 14 2 0.143
pagx:icdot-C71.9 7204 640 0.089
NCIT:C3796 84 4 0.048
pgx:icdom-94423 84 4 0.048
pagx:icdot-C71.0 1714 14 0.008

Download Sample Data (TSV)
1-657 £

Download Sample Data (JSON)
1-657 £



Ont()logies and CIaSSificationS List of filters recognized by different query endpoints

Public Ontologies with CURIE-based syntax

S
Services: Ontologymaps (NCIt) NClthesaurus

CURIE Code/Ontology Examples

prefix
The ontologymaps service provides equivalency mapping between ICD-0 and other classification

systems, notably NCIt and UBERON. It makes use of the sample-level mappings for NCIT and ICD-0O 3 NCIT NCIt Neoplasm NCIT:C27676
codes developed for the individual samples in the Progenetix collection.

NCIT and ICD-0 3 HP HPO?2 HP:0012209

While NCIT treats diseases as histologic and topographic described entities (e.g. NCIT:C7700: PMID NCBI Pubmed ID PMID:18810378
Ovarian adenocarcinoma), these two components are represented separately in ICD-0, through the

Morphology and Topography coding arms (e.g. here 8140/3 + C56.9). geo NCBI Gene Expression Omnibus? 9e0:GPL6801, geo:GSE19399,

. ) _ _ _ geo0:GSM491153
More documentation with focus on the API functionality can be found on the documentation pages.

The data of all mappings can be retrieved trough this API call: {JSON 7} arrayexpress EBI ArrayExpress*® arrayexpress:E-MEXP-1008
Code Selection cellosaurus Cellosaurus - a knowledge resource on cell cellosaurus:CVCL_1650
lines °

NCIT:C4337: Mantle Cell Lymphoma
UBERON Uberon Anatomical Ontology® UBERON:0000992

Optional: Limit with second selection
P cbioportal cBioPortal® cbioportal:msk_impact_2017

Matching Code Mappings {JSON 2} Private filters

Nl es il Posle T R eop = aehiios B Since some classifications cannot directly be referenced, and in accordance with the upcoming
Cell Lymphoma Mantle cell lymphoma - : - : S
Beacon v2 concept of "private filters", Progenetix uses additionally a set of structured non-
NCIT:C4337: Mantle pgx:icdom-96733: pox:icdot-C18.9: large intestine, excl. rectum CURIE identifiers.
Cell Lymphoma Mantle cell lymphoma and rectosigmoid junction . _ _ N _
For terms with a pgx prefix, the identifiers.org resolver will
NCIT:C4337: Mantle pgx:icdom-96733: pgx:icdot-C42.2: Spleen
Cell Lymphoma Mantle cell lymphoma Filter prefix / local Code/Ontology Example
part
More than one code groups means that either mappings need refinements (e.g. additional specific NCIT
classes for ICD-O T topographies) or you started out with an unspecific ICD-O M class and need to add pgx:icdom-... ICD-O 37 Morphologies pgx:icdom-81703
a second selection. (Progenetix)
In Progenetix all cancer diagnoses are coded to both NCIt neoplasm codes and ICD-O 3 pgxiicdot... ICD-O 37 Topographies(Progeneti)  pgx:icdot-C04.9
Morphology + Topography combinations. The matched mappings are provided as lookup- o - S
service since neither an official ICD-O ontology nor such a "disease defined by ICD-O M+T" (Progenetix)® a40a358bbag7

Concept iS COdiﬁed anyWhere' pgx:pgxcohort-... Progenetix cohorts 1° pgx:pgxcohort-arraymap



progenetix — Progenetix Publication Collection

The current page lists articles describing whole genome screening (WGS, WES, aCGH, cCGH)
Cancer CNV Profiles experiments in cancer, registered in the Progenetix publication collection. For each publication the

H
table indicates the numbers of samples analysed with a given technology and if sample profiles are

Cancer Genomics Reference Resource Search Samples

Studies & Cohorts Please contact us to alert us about additional articles you are aware of. The inclusion criteria are
described in the documentation
New Oct 2021 You can now directly submit suggestions for matching publications to the oncopubs

* open resource for oncogenomic profiles

DIPG Samples

arrayMap

Gao & Baudis, 2021 sher City

¢ Over 116IOOO cancer CNV prOfiIeS Cancer Cell Lines Type to search...

Publication DB

* more than 800 diagnostic types publcations (3349 .

Progenetix Use id © v Publication cCGH aCGH WES WGS pgx
. I Services PMID:34604048 Dai J, Jiang M, He K, Wang H, Chen P et al. 122
* inclusion of reference datasets (e.g. TCGA) | .
NCIt Mappings Gene Alterations Increase Tumor Mutational
UBERON Mappings Burden and ... Front Oncol #

¢ Standard ized en COd i ngs (e - g - N C It, I C D—O 3) Upload & Plot PMID:34573430 Juhari WKW, Ahmad Amin Noordin KB et al. 7

(2021) Whole-Genome Profiles of Malay
Download Data Colorectal Cancer Patients with Intact MMR

* identifier mapping for PMID, GEO, Cellosaurus, bt 1

Beacon® PMID:34307137 Xu S, Li X, Zhang H, Zu L, Yang L et al. 123

TC GA, C B i O PO rtal W h e re a p p ro p ri ate Progenetix Info (2021) Frequent Genetic Alterations and

Their Clinical Significance in Patients With
About Proaenetix Thymic Epithelial ... Front Oncol A

» core clinical data (TNM, sex, survival ...)

e data mapping services

* recent addition of SNV data for some series 0 i A Y o

135
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Assembly: GRCh38 Chro: NC_000007.14 start: 140713328 End: 140924929
Type: SNV

cellz
- Matched Samples: 1058 UCSC region 4
Retrieved Samples: 1000 Variants in UCSC 4
a n ce r e I n eS Cancer Ce" Lines by Cellosaurus ID Variants: 127 Dataset Responses (JSON) £
Calls: 1444
- ‘ The cancer cell lines in cancercelllines.org are labeled by th Results ~ Biosamples | Variants | Annotated Variants
Cancer Genomlcs Reference Resource hierarchially: Daughter cell lines are displayed below the pril . B . .
. . as a daughter cell line of HeLa (CVCL_0030) and so forth. 9% Gene Pathogenicity :’ar;a"t Variant Instances
» starting from >5000 cell [ine CNV cellli i
S a g O C cancercelllines Sample selection follows a hierarchical system in which samr ~ 7140834768-140834769:G>A BRAF \t’;::i:se 2;2222;24(:8305%
f' | response. This means that one can retrieve all instances anc B: pgxbs-3DfBeeAC
prO I eS Cancer Cell Lines® for HeLa will also return the daughter lines by default - but ¢ 7:140734714-140734715:G>A BRAF Missense  V: pgxvar-
variant 63ce6acda24c83054b
| 2 I o B: pgxbs-3fB2a14B
5754 Samples | 21 63 Ce” IIneS Search Cell Lines Cell Lines (with parentallderived hierarchies  7:1140753334-140753339:T>TGTA  BRAF Pathogenic V: pgxvar-
» 256 different NCIT codes Cell Line Listing Cell Line Details
* genomic mapping of annotated e by Hierarchy Deptt  HOS (cellosaurus:CVEL_0312)
Cancer Type Subset Type
. 1 g No Selection e Cellosaurus - a knowledge resource on cell lines cellosaurus:CVCL_0312 “
variants and additional data from Decumentation it
. > cellosaurus:CVCL_0312: HOS (204 s: e 204 samples
Seve ral reso u rC eS (Cl I nva r, C C L E y News e 57 direct cellosaurus:CVCL_0312 code matches
Progenetix > cellosaurus:CVCL_1575: NCI-H650 (€, 5 cny analyses
Cel |Osau rus . ) Progenetix Data > cellosaurus:CVCL_1783: UM-UC-3 (9  Search Samples. |
Progenetix v ceIIosaurus:CVCL_OOO4: K-562 (28 s Select cellosaurus:CVCL_0312 samples in the Search Form
1 Raw Data (click to show/hide)
" 1 61 78 Ce” IIneS Documentation cellosaurus:CVCL_3827: K562/Ad T e e Shon
> 400 d|ﬂ:erent NClT COdeS Publication DB > cellosaurus:CVCI 0589: Kasumi-1 (9 HOS (cellosaurus:CVCL_0312)
) | T L O o g o e A e e O ki
e query and data delivery through : " : :
Spring bl O R lV zz- e ’ | W y . i | '55
harbor PR i e L ) Boaiie) hisien i Lin b
boratory -50- | 50
Beacon v2 AP =2 X
THE PREPRINT SERVER FOR BIOLOGY 21 CNV samples CC BY 4.0 progenetix.org (2023)

Download SVG | Go to cellosaurus:CVCL_0312 | Download CNV Frequencies

= ntegration in data federation | | [ormvinres | cromnisares v

New Results A Follow this preprint
a p p rO aC h eS . . . . ALK . ABC-14 cells harbored Rapid Acquisition of ABSTRACT
cancercelllines.org - a Novel Resource for Genomic Variants in Cancer Cell no ALK mutations and  Alectinib Resistance
L. were sensitive to ... in ALK-Positive Lung
Ines crizotinib while also Cancer With High
exhibiting MNNG HOS Tumor Mutation

transforming gene ( MET Burden (31374369)

cance rCeIIIineS.Org ® Rahel Paloots, @ Michael Baudis |

doi: https://doi.org/10.1101/2023.12.12.57128I

' L . _ _ _ ARE L . -
This article is a preprint and has not been certified by peer review [what does this mean?]. @ crizotinib while also Rapid Acquisition of  asTRACT
exhibiting MNNG HOS Alectinib Resistance

Lead: Rahel Paloots



https://www.biorxiv.org/content/10.1101/2023.12.12.571281v1

{BiolnformaticsScience}

pars. ():

covs np. ((cs no, int no))
vals np. ((cs no, int no))

(callsets). name
callsets. ()

i, €S (callsets):
covs[i] cs["cnv statusmaps”][pars[t]["cov 1"]]
vals[i] = cs["cnv statusmaps"][pars[t]["val 1"]]

counts np. (covs min f, axis=0
frequencies = np. (counts * f factor, 3)
medians = np. (np.ma. (np.ma. (covs < min f, vals), axis=0

means = np. (np.ma. (np.ma. (covs < min f, vals), axis=0).

i, interval (int fs):
int fs[i]. ({
frequency”: frequencies|[i]
an" : medians[1i]
: means|[1i]




Lead: Rahel Paloots

Chronic Myelogenous Leukemia, BCR-ABL1+
Endometrial Adenocarcinoma
Astrocytoma

H igher Ievel Of Prostate Carcinoma

Invasive Breast Carcinoma , NST

C NV Coverage Hodgkin Lymphoma

Prostate Adenocarc!noma
of the genomes  orerennsealsavspons e Garcnone
Of cancer ce" Pancreati%ﬁ?ﬁtr;ol_(;anr]c;ﬂgm: 1
lines compared csophagenl Adpoeaeo |

- = = Lung Non-Small Cell Carcinoma
tO thelr OFIQIHS Laryngeal Squamous Cell Carcinoma !
Lung Adenocarcinoma - |

Head and Neck Squamous Cell Carcinoma -
Rectal Adenocarcinoma At

Glioblastoma !

Breast Ductal Carcinoma

Bladder Urothelial Carcinoma 4

Gastric Adenocarcinoma

Esophageal Squamous Cell Carcinoma -
Diffuse Large B-Cell Lymphoma

Colon Adenocarcinoma

Lung Squamous Cell Carcinoma -

Cutaneous Melanoma 1!

Ovarian Carcinoma

Melanoma -

Neuroblastoma

Lung Small Cell Carcinoma -

Ovarian High Grade Serous Adenocarcinoma -
Ovarian Serous Cystadenocarcinoma -
Ovarian Adenocarcinoma -

17 29 1+

!
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Lead: Rahel Paloots

Tumor subpopulations can be matched
with highly similar cell lines

 Lung Small Cell
Carcinoma Subpopulation

e (Cell Lines:

« CVCL_1140:
L279

COR-

 CVCL_1455: NCI-

H1105

e (CVCL 1527:
H2107

NCI-

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

pgxbs-kftvkmwO, cancercelllines

pgxbs-kftvkmw1, cancercelllines

pgxbs-kftvkwo9,
pgxbs-kftvi3vs,
pgxbs-kftvla5k,

progenetix
progenetix
progenetix

pgxbs-kftvkmue, cancercelllines

pgxbs-kftvkmug, cancercelllines

pgxbs-kftvgix2,
pgxbs-kftvkwanh,
pgxbs-kftvkwdm,
pgxbs-kftvgiwe,
pgxbs-kftvgnqz,
pgxbs-kftvgjcx,
pgxbs-kftvgjfo,
pgxbs-kftvkwc2,
pgxbs-kftvkwlq,

progenetix
progenetix
progenetix
progenetix
progenetix
progenetix
progenetix
progenetix
progenetix

pgxbs-kftvgjdv, progenetix

pgxbs-kftvl1d6,
pgxbs-kftvgjre,

progenetix
progenetix

pgxbs-kftvksxi, cancercelllines

pgxbs-kftvj3t4, cancercelllines

pgxbs-kftvksec, cancercelllines

pgxbs-kftvgjsg,
pgxbs-kftvl1aa,
pgxbs-kftvgjd5,

progenetix
progenetix
progenetix

pgxbs-kftvI59w, progenetix

pgxbs-kftvkwit,
pgxbs-kftvl4m7, progenetix ||I|‘
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Lead: Rahel Paloots

Tumor subpopulations can be matched
with highly similar cell lines?!

MDA-MB-435
CVCL_0417 (21 samples)

Breast Ductal Carcinoma
NCIT:C4017 (10097 samples)
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Lead: Rahel Paloots

Tumor subpopulations can be matched
with highly similar cell lines?!

Amelanotic Melanoma
NCIT:C3802 (43 samples)

MDA-MB-435
CVCL_0417 (21 samples)

Breast Ductal Carcinoma
NCIT:C4017 (10097 samples)

MCF-7
CVCL_0031 (57 samples)
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Patterns

Somatic Mutations In Cancer

Making the case for genomic classifications

Some related cancer entities show s

9390/1: choroid plexus papilloma, nos (39)
9442/3: gliosarcoma (41)

9440/3: glioblastoma, nos (1241)

9401/3: astrocytoma, anaplastic (124)
9380/3: glioma, nos (99)

9702/3: malignant lymphoma, t-cell nos (48)
9381/3: gliomatosis cerebri (23)

9530/3: meningioma, malignant (60)
9394/1: myxopapillary ependymoma (22)

9451/3: oligodendroglioma, anaplastic (78)
9382/3: oligoastrocytoma (121)
9450/3: oligodendroglioma, nos (147)

lar copy number profiles

1Mm

9698/3: follicular lymphoma, grade 3 (31)

9690/3: follicular lymphoma, nos (753)

9680/3: diffuse large b-cell lymphoma, nos (1263)
9591/3: malignant lymphoma, b-cell nos (62)
9590/3: malignant lymphoma, nos (43)

9673/3: mantle cell lymphoma (499)

9984/3: refractory anemia with excess blasts in transformation [raebt] (24)
9983/3: refractory anemia with excess blasts [raeb] (38)

9867/3: acute myelomonocytic leukemia [fab type m4] (32)

9920/3: therapy-related acute myeloid leukemia, nos (32)

9891/3: acute monoblastic leukemia [fab m5] (23)

9051/3: desmoplastic mesothelioma (59)
9053/3: mesothelioma, biphasic, malignant (27)
9050/3: mesothelioma, nos (81)

9052/3: epithelioid mesothelioma, malignant (64)
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S081 & serrwcrma, o (29)
9’)338 0 an

g3e0n u'cr.m m s paploTa. v GJ
420 gosactma (40
M08 gobasioma, nos (1241
4010 mrocyrma, sapmaic (! 4
§¥3503: goma, nos (59)
QTR0 madgrant iymphoma, oM fcs (48)
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Nerve Sheath Neoplasm (NCIT:C4972)
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Lung Squamous Cell Carcinoma (NCIT:C3493)
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CC BY 4.0 progenetix.org (2023)

CNV profiles heterogeneity vs cancer classification
Correspondance of genomic profiles to NCIT cancer hierarchy

Chondrogenic Neoplasm (NCIT:C4755)
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Neoplasm by Morphology
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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.

Lead: Ziying Yang
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Lead: Hangjia Zhao

CNYV Categorization
different levels of CNV
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CopyNumberChange

Copy Number Change captures a categorization of copies of a molecule within a system, relative to a
baseline. These types of Variation are common outputs from CNV callers, particularly in the somatic
domain where integral CopyNumberCount are difficult to estimate and less useful in practice than
relative statements. Somatic CNV callers typically express changes as relative statements, and many
HGVS expressions submitted to express copy number variation are interpreted to be relative copy
changes.

Computational Definition

An assessment of the copy number of a Location or a Feature within a system (e.g. genome, cell,
etc.) relative to a baseline ploidy.

Information Model

Some CopyNumberChange attributes are inherited from Variation.

Field Type Limits Description
_id CURIE 0.1 Variation Id. MUST be unique within document.
type string 1.1 MUST be “CopyNumberChange”
Location | : . .
subject CURIE | 1.1 A Io.cat!on for \fvhlch the number of systemic
F copies is described.
eature
MUST be one of “efo:0030069” (complete
genomic loss), “efo:0020073” (high-level loss),
) “ef0:0030068” (low-level loss), “efo:0030067”
copy_change string 1.1

(loss), “efo:0030064” (regional base ploidy),
“ef0:0030070” (gain), “efo:0030071” (low-level
gain), “efo:0030072" (high-level gain).



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

EFO Beacon VCF SO GA4GH VRS1.3
553%%?82? gain DUP or EF0:0030070 g\L/JCPLAII\/I:D C?C?F;S?r?l];dlrazer_gain 552:0030070
E)Sv?l:g\?gocoo7;y number gain DUP or EF0:0030071 g\L/JCPLAII\/I:D cstc?lsg?r%;fer_gain E)I\:Nc-)l:g\?e:slogoaﬁr‘:
E|I;g-loe?/3e(l)(c):c7)|%y number gain DUP or EFO:0030072 g\L/J(I;LAII\/I:D cszc%g?r?l];tzer_gain E.Zﬁ-?e(\)g?g;zn
FoFcce)ll:Ogoei%onzg amplification DUP or EFO:0030073 g\L/J(I;LAII\/I:D gc?ésgr?a;izer_gain E.Zﬁ-%?g?g;zn
Egg/%%?gggz loss DEL or EFO:0030067 [S)\E(L)LAII\/I:D C?C?F;S?F?J;iser_loss E)I;g:0030067
Ilcz)l\:/v(?l:g\(/)eslocoo?y number loss DEL or EF0:0030068 g\E(L)LAII\/I:D c?c?pig?r?ar?iser_loss E)sv?l:g\?;?ggg
Egg-?e?/ze?gggy number loss DEL or EFO:0020073 g\EIC_DLAII\/I:D cSZC?IC;S(_)r?J;AIE)Ser_IOSS Elzg-loe(\)/ze(l)?gsas
EF0:0030069 DEL or EFO:0030069 e S0:0001743 EF0:0030069
complete genomic deletion SVCLAIM=D copy_number_loss complete genomic loss



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

labelSeg

segment annotation for tumor copy nhumber variation profiles

Lead:

Signal from probes in microarray or from reads in NGS
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‘= README.md

labelSeg

This is an R package designed to identify and label different levels of Copy
Number Alterations (CNA) in segmented profiles.

Installation
To install the package, you can use the devtools package as follows:

install.packages("devtools") &
devtools::install_github("baudisgroup/labelSeg")

Segmentation

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

Packages

No packages published

Languages

® R 100.0%

Hangjia Zhao

Log R

Log R
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0000000000000000000000000000000000000000000000000000000000000000000000

threshold for calling
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Low-level del
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High-level del



labelSeg

segment annotation for tumor copy nhumber variation profiles

S1

Segment length
(normalized to corresponding chromosomes)

Lead: Hangjia Zhao

INPUT: individual .seqg files

Smaple #Mar

9965785 10911995

X 3236359 155677414 63741

1 4
° ... °
° ®e °
°
°
° °
o0
o ©® oo
0- O. o ¢ ¢
1 1
-1 0
logR

0.306

0.005

Step1: cluster long segments based on logR

e
o © ® P
o o %o °
1 1 1
Ves Ve Ve2

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

¥

Step2: determine baseline

e © o °®
. o % °
| | |
Ves VC1‘ Ve

Step3: determine target low-level clusters

Tiow-level deletion  Tlow-level duplication
(Vca*+2xocs) (Va-2%0c2)

Step6: SCNA calling using estimated thresholds

Thigh—d:al Tlo:/v—del Tlow-dlup Thigflr-dup

: .o ::: :
*

Step5: determine target high-level clusters

Thigh-level deletion Thigh-level duplication
(Vca) (Vce)

high-dup target
l’;\

1

\:,

|
Vce

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

Cc

OUTPUT: individual .seq files with SCNA labels

Smaple Start D Label
ID ker
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Spring
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New Results

Laboratory

10911995 0.306

3236359 155677414 63741 0.005
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Pipeline Development
improve CNV calling in large numbers of heterogeneous cancer samples

nexciflow

CBS labelSeg Extract features Identification by features Calibration
Probe data — Segment data — Labeled segment data — QC report — Problematic samples — Adjusted

l Merge segments

Merged segment data
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CNYV Categorization
different levels of CNV
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Where does Genomic Data Come From?

Geographic bias in published cancer genome profiling studies

Database, 2020, 1-9
doi: 10.1093/databa/baaa009
Articles
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Articles

Geographic assessment of cancer genome
profiling studies

oo ila Carmio-Cordo™?. Elice Achesond. Ginavac Huanal2 Map of the geographic distribution (by first author affiliation) of the 104'543 genomic array,

a.ua arrio -0:*0 ’ Ise Acheson”, Uingyao riuang and | |

Michael Baudis™ 36'766 chromosomal CGH and 15'409 whole genome/exome based cancer genome datasets.
UInstitute of Molecular Life Sciences, University of Zurich, Zurich, Switzerland 2Swiss Institute of

Bioinformatics, Zurich, Switzerland ®Department of Geography, University of Zurich, Zurich, Switzerland

The numbers are derived from the 3'240 publications registered in the Progenetix database.
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A federated ecosystem for
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Silos of genome data collection are being transformed into
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A federated data ecosystem. To share genomic data globally, this approach furthers
medical research without requiring compatible data sets or compromising patient identity.
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Global Genomic Data Sharing Can...

Demonstrate Increase statistical Lead to Increase Advance
patterns in health significance of “stronger” variant accurate precision
& disease analyses Interpretations diagnosis medicine




Different Approaches to Data Sharing

Data Commons
Centralized Genomic Trusted, controlled
Knowledge Bases repository of multiple
datasets

Hub and Spoke
Common data elements,
access, and usage rules

Linkage of distributed
and disparate datasets
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Different Approaches to Data Sharing
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| ong term secure archive for numan biomedical
research sensitive data, with focus on reuse of
the data for further research (or “broad and
responsible use of genomic data”)

@R curoPEAN aotite,  .®%%, Global Alliance
NS~ GENOME-PHENOME EMBIL-EBJ ::ae:e2: B. ¢ for Genomics & Health
ARCHIVE 02:5:5:2’ A




-. European

I h N '~ Gnome:
s

e h‘ Phenome

Archive

. EGA “owns” nothing; data controllers tell
WhO IS authorized to access their datasets

. EGA admins provide smooth “all or
nothing" data sharing process

EuCanlmage DAC

This is a DAC for EuCanimage data
My DACs - Q EGAC50000000005 - History REQUESTS
EuCanimage DAC

This is a DAC for EuCanlmage data

Y

v |§ EGAD50000000032: EuCanimag

~ Dr Teresa Garcia Lezana teresa

18 August 2022 = gemma.milla@crg.eu |5 EGAD50000000032

17 August 2022 = Dr Teresa Garcia Lezana  |& EGAD50000000033

16 August 2022 2 Dr Teresa Garcia Lezana | EGAD50000000032

Slide: adapted from Jordi Rambla@ GA4GH 2023

# Files

Array
444.037 __

FASTQ
1.167.840

VCF
904.852

BAM-
_ CRAM

1.449.676

4,328 Studies released




Different Approaches to Data Sharing
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The Swiss Personalized Health Network
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A New Paradigm for Data Sharing
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Overview of GAAGH standards and frameworks

Approvec Ongoing

Clin/Pheno Data Capture - Phenopackets -— Pedigree — Cohort . In Development
Representation Representation

Data Repository Task Execution Cloud Testbed

Workflow Execution Tool Registry

Service Service Service Service Interoperability

Data

Beacon Service Info = Service Registry -

Connect
‘tion & : :
Authorization _ Data Security | _ Risk _ Bad. Actors in Research  _ Cloqd Security
Infrastructure Infrastructure Policy Assessment Environments & Privacy
. Machine Readable Data Access Committee
Data Use & Researcher Identity LEiz D5 Olelioe) CinciElnl [FERETRIONE Consent Guidance Review Standards Toolkit
. _ Variation ~_ Variation __ Sequence
Genomic Knowledge Standards Representation Annotation Annotation
. SAM/BAM/ BED File
Large Scale Genomics htsget AP refget API CRAM VCF - Crypt4GH rnaget AP Cormat
Framework for : Genetic : :
Regulatory & Ethics responsible data  — Consgnt _ 20+ other policy . Discrimination  — GDPR  _ Public Attltuqles for
sharing Toolkit tools/frameworks Toolkit Forum genomic policy




Global Alliance
for Genomics & Health

\ /2

<\%

Collaborate. Innovate. Accelerate.

CDKN2A:DEL
size<lMb
granularity:record

ncit:C3058

DUO:0000004
HP:0003621

The GA4GH Beacon Protocol

Federating Genomic Discoveries




17 : 7577121 G > A

Beacon

A Beacon answers a query for a specific genome
variant against individual or aggregate genome
collections
YES | NO | \O



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.

A Beacon network federates
genome variant queries
across databases that
support the Beacon API

N\ )

Here: The variant has
been found In few
resources, and those
are from disease
specific collections.



BeaCOn V2 docs.genomebeacons.org

Beacon Model |
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http://docs.genomebeacons.org

Beacon v1 Development Beacon v2 Development Related ...

2014 GA4GH founding event; Jim Ostell proposes Beacon concept including "more features ... version 2"

2015

« beacon-network.org aggregator created by DNAstack - ELIXIR starts Beacon project support

+ BeaconvO3release . - Beacon concept implemented on progenetix.org
~ work on queries for structural variants (brackets for fuzzyy - concepts from GA4GH Metadata (ontologies...)

: start and end parameters..) - entity-scoped query parameters ("individual.age")

2016

« GA4GH re-structuring
- Beacon demos "handover" concept (workstreams...)
- Beacon part of Discovery WS

* OpenAP| implementation .. ...

2017

- Beacon v0.4 release in January; feature release for
GA4GH approval process
GA4GH Beacon v1 approved at Oct plenary

2018

- new Beacon website (March)

- Beacon hackathon Stockholm; settling or: "filters”

« Barcelona aoes Zurich developers meeting - Beacon publication at Nature
+ Beacon API v2 Kick off Biotechnology

« adopting "handover" concept

« ELIXIR Beacon Network

2019

« "Scouts" teams working on different aspects - filters,
genomic variants, compliance ...
« discussions w/ clinical stakeholders

2020

- framework + models concept implemented
* range and bracket queries, variant length parameters « Phenopackets v2 approved
- starting of GA4GH review process

2021

« turther changes esp. in default model, aligning with
Phenopackets and VRS

- unified beacon-v2 code & docs repository

- Beacon v2 approved at Apr GAAGH Connect

2022

- docs.genomebeacons.org




Beacon API v2

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

Approved: April 21, 2022

((( @ ))) 9:18000000,21975098-
9 21967753,26000000:DEL
* ncit:C3058

N DUO:0000004
HP:0003621

Accessible to users of the internet

Have you seen deletions in a The Beacon API v2
this region on chromosome 9 - ]EDFOF;]OSZI OPensfthe way

: : in Glioblastomas from a M| Beacon v2 API or the design of a

f:c :;Tdb.!:(:::?,t;?:ff :,,:s::fmd,,m juvenile patient, in a dataset P simple byt powerful
CONTROLLED with unrestricted access? = "genomics API".

Example Users st | Scil iteLab .
EMBL-EBI i Australian . 11 .11 e Il r
e Genomics

Py UNIVERSITY OF CALIFORNIA

VA= B o) ‘ N

' :. s"":: S H N I H E H “ l ‘ ‘
4 ' ".-".

A% INSTITUTE

EUROPEAN International
-" GENOME-PHENOME Cancer Genome
% ARCHIVE Consortium




CDKN2A :DEL
size<lMb
granulartity:record

ncit:C3058
DUO: 0000004
HP:0003621

Can you provide data The Beacon API v2

albout focal deletions In represents a simple but
CDKN2A in Glioblastomas Beacon v2 APl B i
from juvenile patients with P API for federated data
unrestricted access”? . discovery and retrieval
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Progenetix and GA4GH Beacon

Implementation driven development of a GA4GH standard
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Progenetix & Beacon

Implementation driven standards development

* Progenetix Beacon+ has served as
iImplementation driver since 2016

* prototyping of advanced Beacon
features such as

= structural variant gueries

= Jdata handovers

-,

7/
~
>

N AT
7

-~ VA

o~

-,

/

Global Alliance
A&7 for Genomics & Health

Phenopackets integration

—progen

At

eli xir

@2 curopean

1~ GENOME-PHENOME
“SS%  ARCHIVE

& Visit us
[ Beacon API

¥ Contact us

BeaconMap
Bioinformatics analysis
Biological Sample

Cohort

Configuration

Dataset
EntryTypes
Genomic Variants
Individual

Info

Sequencing run

chag

& Visit us
[ Beacon API

% Contact us

BeaconMap
Bioinformatics analysis
Biological Sample
Cohort

Configuration

Dataset

EntryTypes

Genomic Variants
Individual

Info

Sequencing run

@2 :uRoPEAN

S~ GENOME-PHENOME
WSS ARCHIVE

CRGY

Centre
for Genomic
Regulation

Beacon v2 GA4AGH Approval Registry

@R cyropean

Beacons: g" GENOME-PHENOME

% ARCHIVE

European Genome-Phenome
Archive (EGA)

GA4GH Approval Beacon Test

This is based on the GA4GH
Beacon

Centre Nacional Analisis
Genomica (CNAG-CRG)

Beacon @ RD-Connect

This con is based on the GA4GH
Beacon

& Matches the Spec

K.
| o]

UNIVERSITY OF

progenetix € I‘ICIg

- s Sa SR ol (S S e

progenet E X

& Visit us
[ Beacon Ul
[e* Beacon API

¥ Contact us

BeaconMap
Bioinformatics analysis
Biological Sample

Cohort

Configuration

Dataset
EntryTypes
Genomic Variants
Individual

Info

Sequencing run

UNIVERSITY O}
LEICESTER

[ Beacon Ul
[ Beacon API

¥ Contact us

BeaconMap
Bioinformatics analysis
Biological Sample
Cohort

Configuration

Dataset

EntryTypes

Genomic Variants
Individual

Info

Sequencing run

© Not Match the Spec @ Not Implemented

LEICESTER

a Ty © R Gl

Theoretical Cytogenetics and
Oncogenomics group at UZH
and SIB

Progenetix Cancer Genomics Beacon+
Beacon+ provides a forward looking
implementation of the Beacon v2 AP,
with focus on structural genome
variants and metadata based on the...

University of Leicester

Cafe Variome Beacon v2

This on is based on the GA4GH
Beacon

) 8

_poama-

— _ a_ gy =

ey

- -

Beacon protocol response verifier at time of GA4GH approval Spring 2022
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Beacont GeneBeacon 1000 Genomes CNVs Cell Line Beacon About Progenetix Help

Search Samples

Beacont by Progenetix

CNV Example

From Beacon Query to Explorative
Ana Iyses Of C NV Patterns This query type is for copy number queries ("variantCNVrequest"), e.g. using fuzzy ranges for start and end positions to capture a set of

similar variants.

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

Cohorts

Select...

> 138334 individual samples from 698 cancer types

Genome Assembly

 The consistent use of hierarchical diagnostic codes GRCh38 [ hg3s
allows the use of Beacon "filters" for Sene Symbel
Select...
histopathological/clinically scoped queries N Struetural) Variant Type
ey 9 DEL
* Beacon's handover protocols can be utilized for data o (o or Sructrat v
retrieval and, well, handing over to additional services,
e g Minimum Variant Length Maximal Variant Length
> down Ioads Cancer Classification(s)
» visualization —
Filters
> use of external services (UCSC browser display...)
City

i,

— Select...

progenetix — &




Beacon v2 Filters

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

progenet s X ;

Beacon+ specific: Multiple term selection with OR logic

> NCIT:C4914: Skin Carcinoma 213
> NCIT:C4475: Dermal Neoplasm 109
v NCIT:C45240: Cutaneous Hematopoietic and Lymphoid Cell Neoplasm 310

\

Filters: NCIT:C4914, NCIT:C4819, NCIT:C9231, NCIT:C2921, NCIT:C45240, NCIT:C6858, NCIT:C3467, NCIT:C45340,
NCIT:C7195, NCIT:C3246, NCIT:C7217

progenetix
Variants: 0 faneles: O  Callsets Variants £ UCSC region @ 3 Show JSON Response
Calls: 0 Legacy Interface “ -
Samples: 523
Results Biosamples
Id Description Classifications Identifiers DEL DUP CNV
PGX_AM_BS_MCCO1 Merkel cell carcinoma  icdot-C44.9 Skin, NOS PMID:9537255 0.116 0.104 0.22
icdom-82473 Merkel cell carcinoma
NCIT:C9231 Merkel Cell Carcinoma
PGX_AM_BS_MCC02  Merkel cell carcinoma icdot-C44.9 Skin, NOS PMID:9537255 0.154 0.056 0.21
icdom-82473 Merkel cell carcinoma
NCIT:C9231 Merkel Cell Carcinoma
PGX_AM_BS_MCC03  Merkel cell carcinoma icdot-C44.9 Skin, NOS PMID:9537255 0.137 0.21 0.347
icdom-82473 Merkel cell carcinoma
NCIT:C9231 Merkel Cell Carcinoma
PGX_AM_BS_MCC04  Merkel cell carcinoma  icdot-C44.9 Skin, NOS PMID:9537255 0.158 0.056 0.214
icdom-82473 Merkel cell carcinoma
NCIT:C9231 Merkel Cell Carcinoma
PGX_AM_BS_MCCO05  Merkel cell carcinoma  icdot-C44.9 Skin, NOS PMID:9537255 0.107 0.327 0.434
icdom-82473 Merkel cell carcinoma
NCIT:C9231 Merkel Cell Carcinoma
« < > » Page 1 0of 105



Beacon Queries

Implementation of Current Options

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

® disambiguation of parameters is left to
implementers

® mplicit query types:

)
)

11

allele/sequence query

range query, w/ or w/o additional
parameters

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

beaconplus.progenetix.org

Beacont Progenetix Help

Beacon Query Types

Sequence [ Allele CNV (Bracket) Genomic Range Aminoacid Gene ID HGVS

Dataset

Test Database - examplez X

Chromosome
Select...

Start or Position

Reference Base(s)

Select Filters

Select...

Variant Type

Select...

Alternate Base(s)

Sanr

Query Database

Form Utilities 92 Gene Spans &: Cytoband(s)

Query Examples CNV Example

SNV Example

[ Range Example ” Gene Match ]

Aminoacid Example ]

ldentifier - HelLa




Bold: Matched Variants

Beacon Query Types

Bea co n Q u e ri es Sequence [ Allele CNV (Bracket) Genomic Range Aminoacid Gene ID HGVS Sanr
Range (" anyth i ng goes ") Req ueSt Test Database - examplez X
Chromosome (! Variant Type
\ 17 (NC_000017.11) S0O:0001059 (any sequence alteration - S...
‘ d efl n ed th ro u g h th e u Se Of 1 Start ) 1 en d Start or Position ( End (Range or Structural Var.) ¢
7572826 7579005

® any variant... but can be limited by type etc. e ot ermate Basete

Select Filters

Select...

Beacon Range Query

Matching variants in a region

Chromosome 17

Pl =l E EY e 7579005

— Query Database
- Form Utilities &2 Gene Spans &2 Cytoband(s)
Query Examples : Gene Match ]

17'600'000 18'600'001 - 18'650'000 19'650 000 CNV Example SNV Example Range Example

Aminoacid Example Identifier - HelLa

As in the standard SNV query, this example shows a Beacon query against mutations in the

EIF4al gene in the DIPG childhood brain tumor dataset. However, this range + wildcard query
will return any variant with alternate bases (indicated through "N"). Since parameters will be
_ interpreted using an "AND" paradigm, either Alternate Bases OR Variant Type should be specified.
The exact variants which were being found can be retrieved through the variant handover [H—>0]
link.

C>TT

Shaded: Unmatched

DEL (Copy Number Loss) DUP (Copy Number Gain) SNP / INDEL ... Unknown Annotation



Bold: Matched Variants

Beacon Query Types

Beacon Queries

Bracket ("CNV") Query

Sequence [ Allele CNV (Bracket) Genomic Range Aminoacid Gene ID HGVS Sarr

Dataset

Test Database - examplez X

® defined through the use of 2 start, 2 end

9 (NC_000009.12) EFO:0030067 (copy number deletion)
. any CO nt i g u O u S Vari ant e s Start or Position End (Range or Structural Var.)
21000001-21975098 21967753-23000000

Select Filters

NCIT:C3058: Glioblastoma (100) X

Beacon Bracket Query

Example for complete regional match

Chromosome 9

Nl =l T R e 21967753 23000000

B Query Database

Form Utilities

&2 Gene Spans &: Cytoband(s)

SNV Example Range Example Gene Match

17'600'000 - 18'600'000 18'600'001 - 18'650'000 18'650'001 - 19'6500'000

Query Examples CNV Example

ldentifier - HelLa

Aminoacid Example

This example shows the query for CNV deletion variants overlapping the CDKN2A gene's coding
region with at least a single base, but limited to "focal" hits (here i.e. <= ~2Mbp in size). The query
is against the examplez collection and can be modified e.g. through changing the position
parameters or data source.

Shaded: Unmatched

DEL (Copy Number Loss) DUP (Copy Number Gain)



Progenetix Stack

e 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 / CGl stack is
provided through the bycon package

f—
[

vr

> schemas, query stack, data transformation
Phenopackets generation)...

e data collections mostly correspond to the
main Beacon default model entities

> no separate runs collection; integrated w/
analyses

> variants are stored per observation instance

variants analyses biosamples individuals

Entity collections

React

§ APACHE

HTTP SERVER PROJECT

@, python

g

!

mongoDB

progenet

e collations contain pre-computed data (e.qg.
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

_1d: ObjectId("6249bb654f8f8d67eb94953b" ),

1d: '0765ee26-5029-4728-b01d-9759abf5bf14",
source_collection: 'variants’',

source_db: ‘progenetix’,

source_key: '_id’,

target_collection: ‘'variants’,
target_count: 667,

target_key: ' id’,

target_values: [
ObjectId("5bab578b727983b2e00ca%9%e" ),

a
——
—

)
——
—

a
—
—

)
—

—

collations geolocs genespans publications

Utility collections
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gxRpl

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

GitHub: https://github.com/progenetix/pgxRpi

README.md

PAXRpi

Welcome to our R wrapper package for Progenetix REST API that leverages the capabilities of Beacon v2
specification. Please note that a stable internet connection is required for the query functionality. This package is
aimed to simplify the process of accessing oncogenomic data from Progenetix database.

You can install this package from GitHub using:

install.packages("devtools") &
devtools::install_github("progenetix/pgxRpi")

For accessing metadata of biosamples/individuals, or learning more about filters, get started from the vignette
Introduction_1_loadmetadata.

For accessing CNV variant data, get started from this vignette Introduction_2_loadvariants.

For accessing CNV frequency data, get started from this vignette Introduction_3_loadfrequency.

For processing local pgxseg files, get started from this vignette Introduction_4_process_pgxseg.

If you encounter problems, try to reinstall the latest version. If reinstallation doesn't help, please contact us.

Bioconductor

PgXRpl

platforms [all § rank 2218 / 2221 support 10 / 0 ] in Bioc | devel only
updated < 1 month | dependencies | 144

DOI: 10.18129/B9.bioc.pgxRpi
This is the development version of pgxRpi; to use it, please install the devel version of Bioconductor.

R wrapper for Progenetix

Bioconductor version: Development (3.19)

The package is an R wrapper for Progenetix REST API built upon the Beacon v2 protocol. Its purpose is to
provide a seamless way for retrieving genomic data from Progenetix database—an open resource
dedicated to curated oncogenomic profiles. Empowered by this package, users can effortlessly access and
visualize data from Progenetix.

Author: Hangjia Zhao [aut, cre] , Michael Baudis [aut]
Maintainer: Hangjia Zhao <hangjia.zhao at uzh.ch>
Citation (from within R, enter citation("pgxRp1™)):

Zhao H, Baudis M (2023). pgxRpi: R wrapper for Progenetix. doi:10.18129/B9S.bioc.pgxRpi, R package
version 0.99.9, https://bioconductor.org/packages/pgxRpi.




gxRpl

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

paix PAXRpi  Public

¥ main ~ £ 1 branch

rRrliriiriiriiviE BN BN BN BN BN AN AN )

hangjiaz version bump

R

data-raw
data

inst

man

tests
vignettes
.Rbuildignore
.gitignore
DESCRIPTION
NAMESPACE
NEWS.md

README.md

© 0 tags

s Edit Pins ~

Go to file Add file ~ <> Code ~

319d27c 4 days ago

adapt to beacon variant export

add data documentation; optimise get method which causes error in ...

change based on opinion from bioc reviewer

add data documentation; optimise get method which causes error in ...

documentation for parameters using match.arg
adapt to API change; optimise code logic
documentation for parameters using match.arg
change vignette buildter; build vignette

modify gitignore

version bump

add pgxFilter; change variant query logic and url; other code change...
add pgxFilter; change variant query logic and url; other code change...

add pgxFilter; change variant query logic and url; other code change...

& Watch 2 ~

XY 87 commits

4 days ago
3 months ago
last month
3 months ago
last month
last month
last month
2 months ago
2 months ago
4 days ago
last month
last month

last month

Retrieve meatdata of samples

2.1

2.2

Relevant parameters

type, filters, filterLogic, individual_id, biosample_id, codematches, limit, skip

Search by filters

Filters are a significant enhancement to the Beacon query API, providing a mechanism for
specifying rules to select records based on their field values. To learn more about how to utilize
filters in Progenetix, please refer to the documentation.

The pgxFilter function helps access available filters used in Progenetix. Here is the example
use:

# access all filters

all_filters <- pgxFilter()

# get all prefix

all_prefix <- pgxFilter(return_all_prefix = TRUE)

# access specific filters based on prefix

ncit_filters <- pgxFilter(prefix="NCIT")

head(ncit_filters)

#> [1] "NCIT:C28076" "NCIT:C18000" "NCIT:(C14158" "NCIT:(C14161" "NCIT:(C28077"
# [6] "NCIT:(C28078"

The following query is designed to retrieve metadata in Progenetix related to all samples of lung
adenocarcinoma, utilizing a specific type of filter based on an NCIt code as an ontology identifier.

biosamples <- pgxLoader(type="biosample", filters = "NCIT:C3512")
# data looks like this
biosamples[c(1700:1705),]

#> biosample_id group_id group_label individual_id callset_ids
#> 1700 pgxbs-kftvijjhx NA NA pgxind-kftx5fyd pgxcs-kftwjevi
#> 1701 pgxbs-kftvjjhz NA NA pgxind-kftx5fyf pgxcs-kftwjewd
#> 1702 pgxbs-kftvjjil NA NA pgxind-kftx5fyh pgxcs-kftwjewi
#> 1703 pgxbs-kftvjjin2 NA NA pgxind-kftx5g4r pgxcs-kftwjg5sr
#> 1704 pgxbs-kftvjjin4 NA NA pgxind-kftx5g4t pgxcs-kftwjgbq
#> 1705 pgxbs-kftvjjns NA NA pgxind-kftx5g4v pgxcs-kftwjg/8
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g h-CNV Community

h-CNV Community
Homepage & News

About ...

h-CNV Projects

CNV Annotation Standards
Databases & Resources
CNV References Project
Contacts

Genome Blog

h-CNV @ ELIXIR

Beacon Project

Q, Search

ELIXIR Human Copy Number Variation community

Among the different types of inherited
and acquired genomic variants, regional
genomic copy number variations (CNV)
contribute - if measured by affected
genomic sequences - contribute by far
the largest amount of genomic changes,
contributing both to many syndromic
diseases as well as the vast majority of
human cancers. The website of the
Human Copy Number Variation
Community (hCNV) is a resource
originated in ELIXIR's h-CNV Community
Implementation Study (2019-2021) with
the aim to provide a resource hub and
knowledge exchange space for scientists
and practitioners working with - or being
interested in - genomic copy number
variations in health and diseases.
However, the scope of the community
extends beyond CNVs and includes
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definition of and work with other types of genomic variations with a focus on structural variants.

el xir

Homepage & News

About ...

h-CNV Projects

CNV Annotation Standards
Databases & Resources
CNV References Project
Contacts

Genome Blog

h-CNV @ ELIXIR

Beacon Project

isplay a menu

ELIXIR hCNV Community
https://cnvar.org/

EFO

EF0:0030070 copy
number gain

EF0:0030071 low-
level copy number
gain

EF0:0030072 high-
level copy number
gain

EF0:0030073 focal
genome
amplification

EF0:0030067 copy
number loss

EF0:0030068 low-
level copy nhumber
loss

EF0:0020073 high-
level copy number
loss

Q, Search

This table is maintained in parallel with the Beacon v2 documentation.

Beacon VCF SO
DUP 2 or DUP S0:0001742
EF0:0030070 SVCLAIM=D 3 copy_number_gain

DUP 2 or DUP
EF0:00300871 SVCLAIM=D 3

S0:0001742
copy_number_gain

DUP 2 or DUP S0:0001742
EF0:0030072 SVCLAIM=D * copy_number_gain
DUP 2 or DUP S0:0001742
EF0:0030073 SVCLAIM=D 3 copy_number_gain
DEL % or DEL S0:0001743
EF0:0030067 SVCLAIM=D 3 copy_number_loss
DEL Zor DEL S0:0001743
EF0:0030068 SVCLAIM=D * copy_number_loss
DEL ? or DEL S0:0001743
EF0:0020073 SVCLAIM=D 3 copy_number_loss

CNV Term Use Comparison in Computational (File/Schema) Formats

GA4GH VRS'

EF0:00300870 gain

EF0:0030071 low-
level gain

EF0:0030072
high-level gain

EF0:0030072
high-level gain*

EF0:0030067 loss

EF0:0030068 low-
level loss

EF0:0020073
high-level loss

@ hcnv.github.io (. \,, elixir

1’}0 ?6 ‘\\\ //

Notes

a sequence alteration whereby the copy
number of a given genomic region is
greater than the reference sequence

commonly but not consistently used for
>=5 copies on a bi-allelic genome region

commonly but not consistently used for
>=5 copies on a bi-allelic genome region, of
limited size (operationally max. 1-5Mb)

a sequence alteration whereby the copy
number of a given genomic region is
smaller than the reference sequence

a loss of several copies; also used in cases
where a complete genomic deletion cannot
be asserted
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Genomic Data & Privacy

Risks & opportunities



Gattaca (1997)

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

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

A Beacon answers a query for a specific genome
variant against individual or aggregate genome
collections
YES | NO | \O
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Genome Beacons
Compromise
Security?

Querying for thousands of
specific SNV occurrences in a
genomic data pool can identify
iIndividuals in an anonymized
genomic data collection

Sta

nford researc

Al

oer

omic data-sh

SO

entity potential security hole in

arl

g

network

Hackers with access to a person’s genome might find out if that genome is in an
international network of disease databases.

elaapple] Sharing genomic information
among researchers is critical to the
advance of biomedical research. Yet
genomic data contains identifiable
information and, in the wrong
hands, poses a risk to individual
privacy. If someone had access to your genome
sequence — either directly from your saliva or

other tissues, or from a popular genomic

information service — they could check to see if
you appear in a database of people with certain
medical conditions, such as heart disease, lung

cancer or autism.

Work by a pair of researchers at the Stanford
University School of Medicine makes that genomic

Stanford researchers are working with the
Global Alliance for Genomics and Health to
make genomic information in the Beacon
Project more secure.

Science photo/Shutterstock

data more secure. Suyash Shringarpure, PhD, a

postdoctoral scholar in genetics, and Carlos Bustamante, PhD, a professor of genetics, have

demonstrated a technique for hacking a network of global genomic databases and how to prevent it.
They are working with investigators from the Global Alliance for Genomics and Health on implementing
preventive measures.

The work, published Oct. 29 in The American Journal of Human Genetics, also bears importantly on the
larger question of how to analyze mixtures of genomes, such as those from different people at a crime

scene.



The American Journal of Human Genetics 97, 631-646, November 5, 2015

GENOMIC PRIVACY

IDENTIFICATION OF INDIVIDUALS FROM MIXED COLLECTIONS USING RARE ALLELES

Privacy Risks from Genomic Data-Sharing Beacons
Suyash S. Shringarpure!.* and Carlos D. Bustamante!.*

The human genetics community needs robust protocols that enable secure sharing of genomic data from participants in genetic research.
Beacons are web servers that answer allele-presence queries—such as “Do you have a genome that has a specific nucleotide (e.g., A) at a
specific genomic position (e.g., position 11,272 on chromosome 1)?”—with either “yes” or “no.” Here, we show that individuals in a bea-
con are susceptible to re-identification even if the only data shared include presence or absence information about alleles in a beacon. Spe-
cifically, we propose a likelihood-ratio test of whether a given individual is present in a given genetic beacon. Our test is not dependent on
allele frequencies and is the most powerful test for a specified false-positive rate. Through simulations, we showed that in a beacon with
1,000 individuals, re-identification is possible with just 5,000 queries. Relatives can also be identified in the beacon. Re-identification is
possible even in the presence of sequencing errors and variant-calling differences. In a beacon constructed with 65 European individuals
from the 1000 Genomes Project, we demonstrated that it is possible to detect membership in the beacon with just 250 SNPs. With just
1,000 SNP queries, we were able to detect the presence of an individual genome from the Personal Genome Project in an existing beacon.
Our results show that beacons can disclose membership and implied phenotypic information about participants and do not protect pri-
vacy a priori. We discuss risk mitigation through policies and standards such as not allowing anonymous pings of genetic beacons and
requiring minimum beacon sizes.
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Figure 1. Power of Re-identification Attacks on Beacons Constructed with Simulated Data
Power curves for the likelihood-ratio test (LRT) on (A) a simulated beacon with 1,000 individuals and (B) detecting relatives in the simu-
lated beacon. The false-positive rate was set to 0.0S5 for all scenarios.

» rare allelic variants can e 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...

Best DNA test kits on sale for Cyber
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“We're an Information economy. [hey teach you that
N 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 . . .”

—William Gibson in "Johnny Mnemonic" (1986)



Phenotyping from DNA

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

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

Paragon Nanolabs Inc.

The Snapshot DNA
Phenotyping Service

Snapshot Prediction Results
Composite Profije

Model #1: Skin Color

(2.4)'S, + (~1.7)'S, + (0.6)'S,,

Model #2: Eye Color

(6.3)'S,s + (3.6)'S,, + (=7.1)*S,

Model #3: Hair Color

(7.4)'S,, + (4.3)'S + (1.4)'S,,

Snapshot Models

"When the New York Times ran an informal test of the Parabon system with one of its reporters,

it failed badly." (ACLU.org)

P Blind Testing and Evaluation of a Comprehensive
% AEARN DNA Phenotyping System

Rachel Wiley', Xiangpei Zeng’, 80bby Larue’, Iln M ﬁ[gy}a , Steven Armentrout Bruce Budowle'*
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https://snapshot.parabon-nanolabs.com/phenotyping


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

Good news! We've discovered new DNA Matches for you.

e 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

-~ - e |
m il JJ nurn l Helping Northeast Mississippi m!
a g a ”'mfﬂﬁﬁflﬁ‘}'ﬂﬁﬂ.ﬁim%lm “ETETe

842-2613 or djournal .com/subseri N L 3
hi e J

— auwsec Devaughn had never been a suspect until genetic genealogy put police
& eeomon ON his trail several months ago. Earlier this year, police sent the DNA
profile to Parabon, a private genetics company, to compare the
suspect's DNA sample to a public genealogy DNA database looking for
people with similar DNA profiles who might be kin to the suspect. That

eventually led authorities to look at Devaughn.

Rienzi man charged with 1990 Starkville
murder

By William Moore Daily Journal 15 hrs ago Comments

© Copyright 2018 Dally Journal, 1242°S Green St Tupelo, MS
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Attacks Associated With the Golden

Ehe New Nork Times State Killer

How a Genealogy Site Led to the Front T

Door of the Golden State Killer Suspect Ls, 3

Investigators used DNA from crime scenes that had been stored all

these years and plugged the genetic profile of the suspected assailant
into an online genealogy database. One such service, GEDmatch, said
in a statement on Friday that law enforcement officials had used its

database to crack the case. Officers found distant relatives of Mr. B
DeAngelo’s and, despite his years of eluding the authorities, traced Pacific Ocean > N i
their DNA to his front door. The New York Times, April 26, 2018 .

CALIFORNIA



DNA & Law Enforcement

Legal minefields, hard to avoid?

e " .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...”

® " .\eering into pseudoscience, they are a modern sales pitch for the
ong-discredited phrenology of the past. They wrongly treat race as a
piological fact, rather than the social construct that it is. And in the
orocess, they open all the flaws of facial recognition to new realms..."

e " .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..."

Gops Might Alreacy Have Your DNA, Without
Your Gonsent

| FAREWELL PRIVACY |

We’ve entered the era of genetic surveillance and nothing—not even our own cells —is off-limits.

Albert Fox Cahn @ Ayesha Rasheed

Published Nov. 14, 2022 4:51AM ET

“The unchallenged expansion of DNA
collection and law enforcement misuse
of the data has also spurred a surge in

ONA surveillance startups.”

thedailybeast.com/cops-might-already-have-your-dna-without-your-consent



But genotyping itself is for professional labs, right?



Rapid re-identification of
human samples

We developed a rapid, inexpensive, and portable strategy to re-
identify human DNA using the MinlON. Our strategy requires only ~60
min preparation and 5-30 minutes of MinlON sequencing, works with

low input DNA, and enables familial searches using Direct-to-
Consumer genomic reference datasets. This method can be
implemented in a variety of fields:

Forensics O Clinic Cell line

Identification of abandoned Clinics procces many samples, |dent|ﬁcat|0n
meterial using DNA either for analysis or, for Cross contamination of cell lines
fingerprinting is a common example, organ donations. in science is a major problem. It
practice. The main challange These samples are DNA results in unreproducible data,
currently being: time. Our fingerprinted to prevent sample and clinical trails based on
method allows rapid sample mix-up mistakes. Our method inaccurate findings. This
preparation at the crime scene can be implemnted in the clinic oroblem costs billions of dollars
(see movie). We envision that the for rapid sanitiy-check of all per year. We envision labs can
method can be adopted in the incoming samples.

adopt our identification method

The MinlON (Oxford Nanopore)
Source: Sophie Zaaijer

field for rapid checks, after a to ensure the purity of the cell

mass disaster, and can be line, and detect contamination.

adopted in border control to

fight human traffacking.


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

MinlON bv Oxford Nanopore Bento Lab
Technologies

DEMOCRATIZING DNA FINGERPRINTING

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

K
% ' ‘ l The MinlON is the smallest DNA
a e sequencer currently around. Its the
M size of a Mars bar, and can be simply The Bento lab is a miniature lab with a
" : . g plugged into a laptop with a USB3.0 centrifuge, thermocycler and a
a : . port. electrophoresis compartment.
= For more information about the MinlON please For more information about the Bento-lab please

o) click: click:

Oxford Nanopore Technologies Bento Lab
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DNA sequencing for identification/fingerprinting soon
“commodity” technology (in contrast with
technological/data challenges in “precision medicine”)
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Welcome to openSNP

99T ITR. v N A - - = openSNP lets customers of direct-to-
a1 PR L L ECHAY i LR OROR Y N customer genetic tests publish their test
O Lgein - ' Ak ATNRIRIRNNY csults, find others with similar genetic
I l ? - L @ Home Family tree Discoveries DNA Research
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When ordering 2+ kits

 The Beacon concept - balanced

w
approach for accessing genome variant :

Order now

Shipping not included

’ Ends February 14th
data from internationally distributed i
resources Find out what your |
| X"“ DNA says about you [~
* However: Genome data has the inherent Welcome to you and your family.

“risk” of being identified and linked to a

person \\M

- See how your DNA breaks out across 31

liva collection kit
|‘ || ‘l populations worldwide
— ]
- It g1 - Discover DNA relatives from around the

| < a.ncestry'- SUBSCRIBE SIGNIN >

— ——

Solutions fron] THE AVERAGE BRITISH PERSON’S DNA IS ONLY
TQChﬂOlogy or Soqety? 36% BRITISH

GROW

Discourse!

HlancestryDNA
Find your

ancestors in Discover




TECHNOLOGY
How can a DNA firm lose half its

users’ data to Jew-hating’ hackers?

Dark-web criminals cited the head of 23andMe’s faith after a raid on
the details of 6.9 million people — including her Google-founding ex.
Now the lawsuits are coming
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Welcome to you

saliva collection kit

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

L of C.hinase descent" seemed to be exposed.

2 spokesperson to confirm that two groups of
ed into the DNA Relatives feature had their
stolen.

Find out what your
DNA says about you

and your family.
ribes the DNA Relatives feature as ...

- See how your DNA breaks out across 31 it find and connect with genetic relatives and
populations worldwide L ) :

- Discover DNA relatives from around the ROUT your famlly. By Optlng IN, USersS hope to
Rere members by willingly giving others access to

- Share reports with family and friends
e their birth year, current location, and

es and birth locations. Users can opt out at

illion 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

THE SUNDAY TIMES

OOOOOOOOOO

How can a DNA firm lose half its
users’ data to ‘Jew-hating’ hackers?

Dark-web criminals cited the head of 23andMe’s faith after a raid on
the details of 6.9 million people — including her Google-founding ex.

Now the lawsuits are coming

| FAMILY MATTERS —

Hackers stole ancestry data of 6.9 million
users, 23andMe finally confirmed

Majority of impacted users are now being notified. w

ASHLEY BELANGER - 12/4/2023, 11:48 PM

v
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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

MarketWatch IBD

THE WALL STREET JOURNAL. SiGNIN

23andMe’s Fall From $6 Billion to Nearly $0

From celebrity ‘spit parties’to a drop in the bucket: The once-hot DNA-testing company is struggling to profit

Anne Wojcicki of 23andMe, center, remotely rang the Nasdaqg opening bell the day the company went public in 2021. PETER DASILVA/REUTERS

By Rolfe Winkler

Jan. 31,2024 at5:30 am ET
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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

Human Rights Foundation
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“Ni& Global Alliance
= for Genomics & Health
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“Everyone has the right freely to partici

the cultural life of the community, to enj

“The Right to Science”

nate in

oy the

arts and to share in scientific advancement

and its benefits.”

“The Right to Recognition”

“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.”
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