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Genome screening at the core of “Personalized Health”

Genome analyses (including transcriptome,
metagenomics) are core technologies for
Personalised Health™ applications

The unexpectedly large amount of sequence

variants in human genomes - germline and
somatic/cancer - requires huge analysis efforts
and creation of reference repositories

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

Our work @ UZH:

cancer genome repositories ~ 2maYMap 47

&

biocuration orogenetix eli)ir
protocols & formats
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BETTER, CHEAPER, FASTER

The cost of DNA sequencing has dropped dramatically over
the past decade, enabling many more applications.

1 2003: Human
1,000 - Genome Project
: ended.
2015: Estimated
cost of generating
a human-genome
100 R P Sequence had
. dropped below

2010: Technologies $1,500.
available had

greatly advanced

and diversified.

Cost per human genome (US$ thousands)
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The future of DNA sequencing. Eric D. Green, Edward M. Rubin
& Maynard V. Olson. Nature; 11 October 2017 (News & Views)
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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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A federated ecosystem for
sharing genomic, clinical data

Silos of genome data collection are being transformed into
seamlessly connected, independent systems
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Genomic alterations in Cancer

> Point mutations (insertions, deletions, substitutions)

> Chromosomal ment
romosomal rearrangements . .
Non-reciprocal Partial Partial Amplification Amplification
i} . translocation deletion duplication (double minutes) (HSR)
>  Regional Copy Number Alterations (CNA)
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History & Current State...

Origins & Trajectory of the Progenetix Resource
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Progenetix, early 2000's

Text conversion for CNVs

originally an internal, to store CGH profiles at Peter Lichter's group at the

German Cancer Research Center (DKFZ), starting in 1998

expansion to include literature derived data, with a focus on malignant

non-Hodgkin's lymphomas

based on articles and supplements with cytoband-based rev ish CGH

results

sometimes rich, but unstructured associated information

PDFs readable, but not well suited for data extraction (character

entities, text flow)

Number Created 10/14/1994| by Michacl Baudis
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CGH AND FISH OF METASTATIC COLORECTAL CANCER

TABLE 3. Comparison of Primary Tumors and Metastases by CGH

87

Case Gain in common Loss in common Primary tumor only Metastasis only
108 18
113  7,8q24-qter, 13q11-qter, 20q11- 1p33-pter, 2p21-pter, 4g24-qter,
qgter, Xq11-Xter 15q11-q15, 17p11-pter, 18
LM 12g22-qter, 15923-qter, 17q11-  1p11-p32, 1q24-31, 4, 13q11- 11p11-pter- 12+
ter, 20p11-p12, 20q11-ter, qter, 17p11-pter, 18,
22q11-ter 20p11-ter
145  4026-928, 6p11-p13,8p11-p12,  1p1i-pter, 4q31-qter, 6q11-gter, 13q21-qter+, 20p11-pter- 8q11-qter+,10-, 6p21-pter-
920q11-qter 8p12-pter, 11, 15q11-qgter,
16q11-qter, 17p11-pter, 18,
21q11-gter
93 7,8q11-gter, 9q33-qter, 13q11-  4p13-pter, 4q21-qter, 8p12-pter, 5Sp11-pter-, 5qi13-qter-, 14q11- 11+, 16p11-pter+, 17q11-
qgter, 20p11-p12, 20q11-gter 15q14-qter, 18q11-qter, qter- gter+, 19+, 21q11-qter+,
20p12-pter 22q11-qter+
147  7,13q11-gter, 20q11-qter 8p21-pter, 18 4p14-pter-, 4g28-qter+, 8p11-  11g22-qter+, 16+, 1p11-33-
21-,17q11-92+, 21q11-qter-
TABLE 1. Clinical Data 5
Case number Age Sex Site Stage2 Grade® Diagnosis of metastatic diseasec ; qh;
2 40 M Transverse colon v 3 Synchronous g 2 3
6 79 M Ascending colon v 2 Synchronous g £
9 73 M Transverse colon I 2 N/A 3 28
1 96 M Rectosigmoid IV 2 Metachronous > OO
12 70 F Sigmoid colon v 2 Synchronous § S -
13 65 M Descending colon Il 9 Synchronous 3 -
14 60 M Rectum 1l 3 Metachronous § -ch 8
15 51 F Rectum il 2 Metachronous 3 TS
19 63 M Rectosigmoid Junction 11 2 Synchronous g‘ © S
20 63 M Rectum v 9 Metachronous & 'g -
21 64 F Sigmoid colon v 2 Synchronous o] 8
35 71 M Rectum 1l 9 Metachronous v c
49 72 M Cecum IV 3 Synchronous s
53 72 F Sigmoid colon v 2 Synchronous g o
104 61 M Sigmoid colon v 2 Metachronous ©
105 58 M Ascending colon [ 2 Metachronous S 6
107 77 F Cecum vV 2 Metachronous N 8
108 53 F Splenic flexure vV 2 Synchronous €0
112 68 M Rectum 1l 3 Synchronous - 0
113 41 M Splenic flexure vV 2 Synchronous <O
114 49 M Splenic flexure vV 3 Synchronous O -
116 73 M Rectosigmoid [ 9 Metachronous €
120 24 F Descending colon v 2 Synchronous 8 c
123 62 F Rectum Il 2 Metachronous o.2
124 42 M Rectum v 9 Synchronous E®
145 70 M Rectosigmoid v 2 Synchronous o '5
147 86 F Cecum \', 2 Synchronous ==
o<

aAJC C/UICC staging system (Hutter and Sobin, 1986).

bGrade of primary tumor: 1-3, low, moderate, high grade; 9, grading unknown.

as Analyzed by Comparative Genomic Hybridization

and Fluorescence In Situ Hybridization

c§ynchronous, diagnosis of metastatic disease within 12 months following diagnosis of primary tumor; metachronous, diagnosis of metastatic disease after
12 months or later.

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

Toru Yasutake,2 Wen-Lin Kuo,' Robert S. Warren,?® Colin Collins,’ Masao Tomita,?

Joe Gray,' and Frederic M. Waldman'

W. Michael Korn,™



REGION SIZE | MAX COVERAGE (KB) 0 kb 250000 kb [?]
CLINICAL DATA no followup required
P b i i o 20 km @
robe-Level Genomic Array Data in Cancer
1949 of 85042 cases matched the selection criteria.
SUBSET PERCENT IN SUBSET
8507/3: Invasive micropapillary carcinoma (13/39) 33, I
C892: retina (14/82) 17.1
ICD MorphO|OgIeS 8260/3: Papillary adenocarcinoma, NOS (11/65) 16.9 NN
8500/3: invasive carcinoma of no special type (1201/8188) 14.7 |
2021 samples from arraymap have an associated "ICDMORPHOLOGYCODE" label. 8560/3: Adenosquamous carcinoma (3/21) 14.3 I
= == arcinomas: breast ca. 14.2 [
arrayMap » visualizing cancer genome array data @ arraymap.org 9470/3: Medulloblastoma, NOS (M-94703) e e L —
Synonyms 8500/2: Ductal carcinoma in situ, NOS (25/225) 11.1 [
C32: larynx (3/29) 10.3 [
Search Samples o Meldullﬁplastoc;nﬁ, L\:O? 8010/2: Carcinoma in situ, NOS (2/20) 10.0 [
. ° S e : sigmoid incl. rectosigmoid junction 8 -
Seal'Ch PUb'icationS arrayMap IS a Curated reference database and (8;4::;/3:iﬂuci:ousladertwoc:rcin:rrj]a(1t2/1(§12:)3/140) Z? ||
bioinformatics resource targeting copy number 852213 nfirating uctand lobuar carcnoma (444 o1
o . . 9 (19719573'3781 2790) 9470/3: Medulloblastoma, NOS (M-94703) 9470/3: Medulloblasto ey seroue corchoma .
Progenetix profiing data in human cancer. The arrayMap s —— —— L - e e o
. . database provides an entry point for meta-analysis 3 : - o MY " § E E o0 cter unrycrgans (17164 o0 I
. ) Universityof | ong systems level data integration of high- 2 i : | oS %, . - l% e Ly i
\ z . hu!n . . 1 ot N . 2t 2.2, o # | S P 25% ”"’v\,\ L, = = = 8441/3: Serous adenocarcinoma, NOS (31/542) 57 Il
o uric resolution oncogenomic CNA data. - NP Y 7 TR SR N s s off = 2 o2 s Garcnomas: esophagus ca. (3257") 50 I
0+ . el A IR A T @, ev v w :‘*_'.S%:f . \‘ '< \ {— i ] Cornomas: s oo 60/1452) 5.4 [l
Citation & Licensing The current data reflects: ‘ s - \ -} |§ E I; lf ‘; E E’ 4
| 2 " BEE . e —— g
User Guide 3 e .2 1} } ER
. . | ) s = = =
People . 72724 genomic array profiles COKNZA TEK Y \\ 7 o 2§ B E
E . . CDKNzB i //;}/ x\‘// QE\\“" ;3 1—4 1; 1(; 17 18 Mmmh;\lIIMM‘III\:IMIII:IIMIIIh:\IhHIlhilluIII‘LI\ u;lnwuin“ng - - -
Beacont —— 898 experimental series MTAP <y o _ ==
pgxcs::GSE19612::GSM491153 © 2019 progenetix.org 01///”” Uy g \\‘t\‘\\\\\:‘\‘\“\\ Vo !19 ” IE 'z F?;E:E:;féféifii
) EEEIN 257 array platforms e | — 3==7
. S
341 I1CD-0 cancer entities Genomic copy number imbalances on chromosome 9 in a case of 9470/3: Medulloblastoma, NOS (M-94703) — == -
-— Glioblastoma (GSM491153), indcating, among others, a homozygous 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16 17 181920 . [N
= .« ot . o i q A0 A 0 O O AN OO A AN 00 0 GO 000 O O o 0 b = = — ]
; 795 publlcatlons (Pubmed entrles) deletlon Invo|v|ng CDKN2A/B- . | ARG AT AT O IO AR LR T LT L1 TRV T Y =—= _E i -7‘55
= 50% E—— - = ™
25% == —= .- —
N . . . . . - 0% T P R T v W 7 (R - O™ M- = . L = I
For the majority of the samples, probe level visualization as well as customized data representation facilitate gene level 2 T —_—" i = Bl - (e
and genome wide data review. Results from multi-case selections can be connected to downstream data analysis and o N, T e =t
visualization tools, as we provide through our Progenetix project. o o . ! i
arrayMap is developed by the group "Theoretical Cytogenetics and Oncogenomics" at the Institute of Molecular Life S i =
Sciences of the University of Zurich. el
UID SERIESID PMID ICDMORPHOLOGYCODE ICDTOPOGRAPHYCODE |~
GSM1000061 GSE36942 23457519 8070/3 C10 .
. . . 000062 36942 23 9 8070/3 C10
RELATED PUBLICATIONS Cai H, Gupta S, Rath P, Ai N, Baudis M. arrayMap 2014: an updated cancer genome resource. 2231001316 22240777 233312%4 80:’,0;3 253
Nucleic Acids Res. 2015 Jan;43(Database issue). Epub 2014 Nov 26. I,q GSM1001317 GSE40777 23571474 8010/3 €34
. . . GSM1001318 GSE40777 23571474 8070/3 C09 |
Cai, H., Kumar, N., & Baudis, M. 2012. arrayMap: A Reference Resource for Genomic Copy Number GSM1001319 GSE40777 23571474 8010/3 C34 [
Imbalances in Human Malignancies. PLoS One 7(5), e36944. |41 GSM1002668 GSE40834 24047479 9823/3 C42
= . o ) ) o . GSM1002669 GSE40834 24047479 9823/3 C42 |
‘ m Baudis, M. 2007. Genomic imbalances in 5918 malignant epithelial tumors: An explorative meta- GSM1002670 GSE40834 24047479 9823/3 C42 F ‘
analysis of chromosomal CGH data. BMC Cancer 7:226. |- GSM1002671 GSE40834 24047479 9823/3 C42 - o |
. ) o ) L GSM1002672 GSE40834 24047479 9823/3 cC42
Baudis, M. 2006. Online database and bioinformatics toolbox to support data mining in cancer GSM1002673 GSE40834 24047479 9823/3 C42
cytogenetics. Biotechniques 40, no. 3: 296-272. | A GSM1002674 GSE40834 24047479 9823/3 C42
i ' _ ' _ GSM1002675 GSE40834 24047479 9823/3 cC42
Baudis, M, and ML Cleary. 2001. Progenetix.net: an online repository for molecular cytogenetic GSM1002676 GSE40834 24047479 9823/3 C42 4
aberration data. Bioinformatics 12, no. 17: 1228-1229. |+ GSM1002677 GSE40834 24047479 9823/3 C42
GSM1002678 GSE40834 24047479 9823/3 C42
GSM1002679 GSE40834 24047479 9823/3 cC42
Feel free to use the data and tools for academic research projects and other applications. If more support and/or custom analysis is needed, please GSM1002680 GSE40834 24047479 9823/3 C42

contact Michael Baudis regarding a collaborative project.

© 2000 - 2019 Michael Baudis, refreshed 2019-06-12T721:00:19Z in 6.00s on server 130.60.240.68. No responsibility is taken for the correctness
of the data presented nor the results achieved with the Progenetix tools.

arrayMap ., «°

Cai et al., 2012 PLoS One




Wir Cancer genome data @ progenetix.org

I t - - 202 1
rog e n e Ix I n Cancer CNV Profiles 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

Search Samples individual sample data from currently 139448 samples.
||
= Studies & Cohorts
Cross-platform Oncogenomics gt Thorac Neapasm (ITC575)
arrayMap 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16 17 18 19 202122
TCGA Samples L O LT T T T o RV
DIPG Samples >

source data (i.e. array probe data access) oo 8 e 200 s g o D g s g B i AR
and annotation derived (aCGH, WGS, WES, Cancer CellLines :

Publication DB 10324 samples CC BY 4.0 progenatix.org (2021)
other arrays)

o o~
oo v o ;o o um

. Download SVG | Go to NCIT:C3576 | Download CNV Frequencies
Services

. Example for aggregated CNV data in 10324 samples in Malignant Thoracic Neoplasm.
NCIt Mappings

>130'000 cancer and reference CNA o —
profiles Upload & Plot

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

Progenetix Use Cases

chromosoms 9

Beacon® N
systematic metadata annotations following Progenetix Info Local CNV Frequencies ——
About Progenetix A typical use case on Progenetix is the search for local copy =
GA4G H Stan d ard S Use Cases number aberrations - e.g. involving a gene - and the exploration of g;m;; o Vet ooy CORNA e
cancer types with these CNVs. The [ Search Page ] provides
Documentation example use cases for designing queries. Results contain basic statistics as well as visualization

unrestricted access w/o registration Baudisgroup @ UZH and download options.

Cancer CNV Profiles @

d ata aCCGSS API v : : The progenetix resource contains data of 788 different cancer types (NCIt neoplasm
r ) I ( )S ; E ! l I E ! I classification), mapped to a variety of biological and technical categories. Frequency profiles of
T regional genomic gains and losses for all categories (diagnostic entity, publication, cohort ...) can

on | i ne Vi sSu al izat i on be accessed through the [ Cancer Types ] page with direct visualization and options for sample

U 1 't f retrieval and plotting options.
niversity o
Zurich™" J Cancer Genomics Publications &

|

CNA statistics

Through the [ Publications ] page Progenetix provides 4025 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.



Progenetix Implements & Drives
the GA4GH Beacon Protocol

CNV Queries, Ontology Based Filters, Data Delivery through Handovers...

progenet i X



CDKN2A Deletion Example MYC Duplication TP53 Del. in Cell Lines K-562 Cell Line

Progenetix & Beacon

DemonStrator for GA4G H Beacon based 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
genomic reference resource parameters or diagnosis.
Gene Symbol
Select...
>~ the CNV content of Progenetix has been a driver to Chromosome (Structural) Variant Type
develop the range and bracket variant query options ° DEL (Deletion)
Start or Position End (Range or Structural Var.)
» extensive sample annotations using CURIEs with 1500001-21975008 P 1667753-99500000
hierarchical ontologies for "biocharacteristics” (NCIT Minimum Variant Length Maximal Variant Length

...) and external references (cellosaurus, geo,
PMID ...) serve implementation scenarios for Beacon
testing and "production” environment

Cancer Classification(s)

NCIT:C3058: Glioblastoma (4375) X

Filter Precision

> custom implementation exact
> "bycon" code on GH > /progenetix/bycon/ o
Select...

> MongoDB backend

Chromosome 9

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

i il

21967753 22500000

Query Database

progenet s X i


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

Bold: Matched Variants

Beacon v2: Extended Variant Queries

Range and Bracket queries enable positional wildcards and fuzziness

Genome Range Query Genome Bracket Query

(matching variants in a region) (full match)

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

]

—— S—————

C>TT

5

Shaded: Unmatched
Bold: Matched Variants

Shaded: Unmatched

[ ]
DUP (Copy Number Gain) SNP / INDEL ... Unknown Annotation DUP (Copy Number Gain)
Genome Range Queries provide a way to "fish" for variants overlapping an > Genome Bracket Queries allow to search for structural variants with start
indicated region, e.g. the CDR of a gene of interest and end positions falling into defined sequence ranges
Additional parameters (e.g. variant type, reference or alternate bases) limit > allows to query any contiguous genomic variant (and in principle also can
the scope of the responses step in for range queries)
new Beacon v2 size parameters to limit structural variants (e.g. "focal” > typical use case is e.g the query for variants such as duplications covering

CNVs) the whole CDR of a gene, while limiting the allowed start or end regions



>~ Beacon v2 "filters" assumes inclusion of child
terms when using hierarchical classifications

>~ implicit OR with otherwise assumed AND

>~ Implementation of hierarchical annotations
overcomes some limitations of "fuzzy" disease

annotations

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

progenet s X

Beacon v2 Filters

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

N
—

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 @ & 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



Progenetix & Beacon v1->2

Handover elements in Beacon responses

Progenetix utilizes handovers to deliver
data matched by the Beacon queries

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

Handovers are either standard Beacon
v2 paths or dedicated custom
functions

progenet s X ;

Beacon Query

variant query
filters query
id query
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Phenopackets
VCF
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graphics
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assessment of overall fimess, comorbid conditions and
be biomarkers, including sequence analysis of the clonally
rearranged IGH-D-J locus where those with less than 2%
variation from germline sequences have been well docu-
‘mented to exhibit a poor outcome [2-4]. Also assessed is

Abstract

fully leveraged in a prognostic setting in chronic lymphocytic
leukemia (CLL). Genomic imbalance was assessed in 288 CLL
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specimens using a targeted array. Based on 20 aberrations in
. " e

into a group with poor outcome (20.6%) exhibiting

at least one aberration that was univariately associated with

adverse outcome (gain: 2p, 3q, 8, 174, loss: 7, 8p, 11q, 17p,

18p), good outcome (32.5%) showing 13q14 loss without any

of the other 10 aberrations (gain: 1p, 7p, 12, 18p, 184, 19, loss:

the presence of somatic genomic abnormalities by fluores-

cence in situ hybridization (FISH), including loss of 13q14,

the TP53 (17p13) and ATM (11g22-q23) loci and trisomy

12 [5). Currently, this probe combination dichotomizes
i ing del(17p) or del(1

which

4p,5p,6q, The three
groups were significantly separated with respect to time to
first treatment and overall survival (p <0.001), and validation

also permitted discrimination of patients with a favorable
outcome, but failed to classify all specimens [6]. Deletion
of I i

poor resp
shorter i ival (0S) [4].

datasets. Gain of 3 and 8q, and

of one poor outcome aCGH marker, at a considerably higher
frequency than when only considering poor risk aberrations

For patients with del(11g), outcomes are more favorable
when regimens contain an alkylator [4). Patients requiring
treatment, but who do not carry these two biomarkers, are
treated with consideration of age and comorbidities

id SH).
These data support genomic imbalance evaluation in CLL by
2CGH to assist in isk stratification.

Introduction

The clinical course of patients with B-cell chronic
L d

and, more recently, massively parallel sequencing tech-
nologies have afforded comprehensive evaluations of the
CLL genome identifying gain, loss and other mutational
events (exemplified by mutations in 7P53, NOTCHI,
SF3B1 and BIRCS) that potentially have clinicopathologic
relevance [7-17]. While the latter platiorm has yet 1o be
integrated within diagnostic laboratories, there is prece-
dence for the former. Whole genome aCGH has identified

the role of risk stratification to guide clinical management
[1]. At disease progression, when therapeutic intervention
e e

low frequencies including gain of 2p, 3 and 8q, and loss of
6q and p, the clinical relevance of which is for the most
part unclear, with only anecdotal reports of associations

Gorrespondence: Jane Houidsworth, PhD, Cancer Geneles,Inc, 201 Route 17
E-mail frouldsworth@cancergenesics com
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Search Samples

Search Publications

64485 samples from arraymap have an associated "ICDMORPHOLOGYCODE" label.
31902 samples from progenetix have an associated “ICOMORPHOLOGYCODE" label.

Gene CNA Frequencies

400 subsets of type ICDMORPHOLOGYCODE will be parsed.

logies

User Data n
Avtay Visualization s T
Progenetix ] 0000/0: not classified in icd-o 3 [e.g. non-neoplastic or benign] 8814 2 370
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Metadata Curation

Standardized, machine-readable

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

Hierarchical NCIt Neoplasm Core replaces
heterogeneous primary annotations

Representing varying granularity

"Colorectal Cancer"
or
"Rectal Mucinous Adenoca.”

Collapse all Expand All v

Subsets

v NCIT:C3262: Neoplasm

v NCIT:C3263: Neoplasm by Site

v NCIT:C156482: Genitourinary System Neoplasm

v NCIT:C156483: Benign Genitourinary System Neoplasm

v NCIT:C4893: Benign Urinary System Neoplasm

v NCIT:C4778: Benign Kidney Neoplasm

NCIT:C159209: Kidney Leiomyoma

NCIT:C4526: Kidney Oncocytoma

NCIT:C8383: Kidney Adenoma

v NCIT:C7617: Benign Reproductive System Neoplasm

v NCIT:C4934: Benign Female Reproductive System Neoplasm

v NCIT:C2895: Benign Ovarian Neoplasm

v NCIT:C4510: Benign Ovarian Epithelial Tumor

v NCIT:C40039: Benign Ovarian Mucinous Tumor

NCIT:C4512: Ovarian Mucinous Cystadenoma

v NCIT:C4060: Ovarian Cystadenoma

NCIT:C4512: Ovarian Mucinous Cystadenoma

v NCIT:C3609: Benign Uterine Neoplasm

v NCIT:C3608: Benign Uterine Corpus Neoplasm

NCIT:C3434: Uterine Corpus Leiomyoma

v NCIT:C156484: Malignant Genitourinary System Neoplasm

v NCIT:C157774: Metastatic Malignant Genitourinary System Neoplasm

v NCIT:C146893: Metastatic Genitourinary System Carcinoma

NCIT:C8946: Metastatic Prostate Carcinoma

v NCIT:C164141: Genitourinary System Carcinoma

Samples
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90

1

82
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129

129

58

58

58
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58

58

71

71

71
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Beacon & Phenopackets

Data discovery and delivery using standardized GA4GH
formats and schemas

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

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

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

> ISO (ISO 8601 time & period, ISO 3166 country codes ...)
> IETF (GeoJSON ...)
» W3C (CURIE ...)

= Beacon query filters correspond well to Phenopackets data

= Phenopackets as supported protocol for Beacon data delivery

>

"data_use_conditions" : {
"label" : "no restriction",
"id" : "DUO:0000004"

}
"material” : {
"id" : "EF0:0009656",
"label" : "neoplastic sample"
}
{

"ageAtDiagnosis": "P25Y3M2D"
},
"sampled_tissue" : {
"id" : "UBERON:0002037",
"label" : "cerebellum"
},
"histological_diagnosis" : {
"iId" : "NCIT:C3222",
"label" : "Medulloblastoma"
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Progenetix in 2021

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

Cancer type represe ntation corresponding samples can be initiated by clicking the sample number or selecting one or more

classes through the checkboxes.

Sample selection follows a hierarchical system in which samples matching the child terms of a
selected class are included in the response.

>~ Hierarchical aggregation

Cancer Classification:  NCIT Cancer Core v

~ CNV landscape overview

Hierarchy Depth:  collapsed W

» Sample retrieval

> NCIT:C3010: Endocrine Neoplasm (3319 samples)
> NCIT:C3030: Eye Neoplasm (280 samples)
Neuroblastoma (NCIT:C3270)
1 ) s . 5 6 . 6 s 10 11 12 18 14 15 16 17 18 18 20 21 22 > NCIT:C3052: Digestive System Neoplasm (15194 samples)
U VSV RO MO 1 A O 0 A0 Y11 Y 11
-5 5 > NCIT:C3077: Head and Neck Neoplasm (3769 samples)
50- 50
- | — | - s _ v NCIT:C3268: Nervous System Neoplasm (16270 samples)
=P R e e B . . T
= 0 > NCIT:C2963: Cranial Nerve Neoplasm (19 samples)
2001 samples CC BY 4.0 progenetix.org (2021) > NCIT:C3321: Peripheral Nervous System Neoplasm (901 samples)

v NCIT:C35562: Neuroepithelial, Perineurial, and Schwann Cell N... (11690 samples)
v NCIT:C3787: Neuroepithelial Neoplasm (11214 samples)
> NCIT:C3059: Glioma (8688 samples)

—~— Y NCIT:C3716: Primitive Neuroectodermal Tumor (2213 samples)
h Click to retrieve samples for NCIT:C3270

> NCIT:C3270: Neuroblastoma (2001 samples)
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Search Modify Query
Samples

~ Glioblastoma
Cancer CNV Profiles o :
Search Samples Assembly: GRCh38 Genef CDKN2A]Filters NCIT3C3058
Studies & Cohorts
arrayMap progenetix
TCGA Samples Samples: 2426 Found Variants (.pgxseg) Z O UCSC region “
DIPG Samples Variants: 1733 All Sample Variants (.json) Z 0 JSON Response 24
Gao & Baudis. 2021 Calls: 2566 All Sample Variants (.pgxseg) Z O

Show Variants in UCSC & ©
Cancer Cell Lines

Publication DB Results = Biosamples  Biosamples Map  Variants

Services

NCIt Mappings

1 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16 17 18 19 20 21 22
UBERON Mappings G I DR AT CHRE M N T i I s R e, g g o E v e e
75%:-" “75%
Upload & Plot oo, S0
0 casnamSa R ree O — - W =S RSNT Sy
Download Data 00 . -50%
~75%: =75%
Beacon+ progenetix: 2433 samples | CC BY 4.0 progenetix.org (2021)
Progenetix Info f
About Progenetix Matched Subset Codes © Subset Samples © Matched Samples © Subset Match Frequencies ©
Use Cases icdot-C71.8 1 1 1.000
Documentation icdot-C71.4 4 3 0.750
Baudisgroup @ UZH UBERON:0002021 4 3 0.750
icdom-94403 4291 2396 0.558
NCIT:C3058 4375 2396 0.548

NCIT:C3796 84 30 0.357
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Cancer CNV Profiles
Search Samples

Studies & Cohorts

arrayMap

TCGA Samples
DIPG Samples

Gao & Baudis, 2021

Cancer Cell Lines

Publication DB

Services
NCIt Mappings
UBERON Mappings

Upload & Plot

Download Data

Beacon?t

Progenetix Info
About Progenetix
Use Cases
Documentation

Baudisgroup @ UZH

Search Modify Query
Samples

Assembly: GRCh38 Gene: CDKN2A Filters: NCIT:C3058

progenetix
Samples: 2426 Found Variants (.pgxseg) @ ©
Variants: 1733 All Sample Variants (.json) £ ©
Calls: 2566 All Sample Variants (.pgxseg) @ ©
Show Variants in UCSC 4 @
Results Biosamples Biosamples Map Variants
JSON wv Download Variants ‘
Int. ID Digest

pgxvar-5bab576a727983b2e00b9478
pgxvar-5bab576a727983b2e00b9493
pgxvar-5bab576a727983b2e00b94a4
pgxvar-5bab576a727983b2e00b94ae
pgxvar-5bab576a727983b2e00b94b3
pgxvar-5bab576a727983b2e00b94be
pgxvar-5bab576d727983b2e00baeb5
pgxvar-5bab576d727983b2e00bae7f

pgxvar-5bab576d727983b2e00bae97
pgxvar-5bab576d727983b2e00bae9b

K < > || »
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9:0-51799999:DEL
9:0-51799999:DEL
9:0-51799999:DEL

9:0-140273252:DEL

9:0-51799999:DEL
9:0-40199999:DEL
9:0-32799999:DEL
9:0-51799999:DEL
9:0-51799999:DEL

UCSC region “
JSON Response “

Biosample
pgxbs-kftvabzv
pgxbs-kftvac01
pgxbs-kftva603
pgxbs-kftva606
pgxbs-kftva608
pgxbs-kftva60b
pgxbs-kftvgi7e
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pgxbs-kftvgi7t
pgxbs-kftvgi7u

Visualization options

Chr. Ref. Base(s)

© © O O O ©o O O v o

Alt. Base(s) Type

DEL
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DEL
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DEL
DEL
DEL
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TCGA Cancer samples (pgxcohort-TCGAcancers)

Progenetix API
Data & Plots

- Through multiple API endpoints r-‘r"1"rFan"'1"NIl

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

17 18 19 20 21 22

1 2 3 A 5 6 7 8 9 10 " 12 13 14 15 16
RIS OO T TR O 0 s e R QT2 0 o e r g i G e e

> C NV freq uen Cy Ni sto g rams fO r d | Sease, https://progenetix. org_/cg.i/PGX/cgi/oolla tionPlots.cgi?
datasetlds=progenetix&id=pgxcohort-TCGAcancers&-
stuo y Or CO hort size_plotimage_w_px=800&-size_plotarea_h_px=300&-value_plot_y max=60

>~ R package for circos, heatmap and
more...

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

Height
0 1000
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l |
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T:C4917 —— |

T:C3059
T:C3771
T:C3716
T:C3512

T:C4001

NC
NC
NC
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NC
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Progenetix

Services, Documentation...

services e.g. for disease code translation (NCIt
<=> |CD-0O; UBERON ..))

documentation of data schema, API ...

NClthesaurus

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-0 3 codes developed for
the individual samples in the Progenetix collection.

Services: Ontologymaps (NCIt)

£

About Progenetix
News
NCIT and ICD-0 3

Cancer CNV Profiles While NCIT treats diseases as histologic and topographic described entities (e.g. NCIT:C7700: Ovarian

adenocarcinoma), these two components are represented separately in ICD-0, through the Morphology and

Search Samples _
Topography coding arms (e.g. here 81403 + C56.9).
arrayMap More documentation with focus on the API functionality can be found on the documentation pages.

Studies & Cohorts

Search TCGA Samples

The data of all mappings can be retrieved trough this API call: {JSON~}

Code Selection ©

E )

NCIT:C3058: Glioblastoma

Search DIPG Samples

Publication DB

Services

NCIt Mappings NCIT:C3288: Oligodendroglioma

UBERON Mappings NCIT:C4326: Anaplastic Oligodendroglioma
Upload & Plot NCIT:C3903: Mixed Glioma
Documentation NCIT:C3059: Glioma

+ NCIT:C3796: Gliosarcoma
Beacon
. NCIT:C4822: Malignant Glioma
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Welcome to the Progenetix documentation pages

The Progenetix Resource Documentation provides information and links related to the Progenetix cancer
genome resource and the related Progenetix code repositories contains projects, such as data conversion
scripts, ontology mappings and code for the Beacon+ project.

Progentix Website Code Repositories

® Progenetix Source Code
® Related Projects

Latest News

Progenetix File Formats

Standard Progenetix Segment Files . pgxseg

Progenetix uses a variation of a standard tab-separated columnar text file such as produced by array or sequencing CNV software, with
an optional metadata header for e.g. plot or grouping instructions.

@mbaudis 2021-02-22: more ...

Beacon+ and Progenetix Queries by Gene Symbol

Cene Symbed ()
We have introduced a simple option to search directly by Gene Symbol, which will match to any genomic variant [ MyC
with partial overlap to the specified gene. This works by expanding the Gene Symbol (e.g. TP53, CDKN2A ...) into
a range query for its genomic coordinates (maximum CDR).

MYC (8127736503 127740057)

. ) ) ) MYCBP (1 38864665-38873304)
Such queries - which would e.qg. return all whole-chromosome CNV events covering the gene of interest, too -

should be narrowed by providing e.g. Variant Type and Maximum Size (e.g. 2000000) values.
@mbaudis 2021-02-22: more ...

MYCBPAP (17 S0508545-50531427)
MYCL (Y 39897371 -39901887)

MYON (2 75940586 15846096

The Progenetix oncogenomic resource in 2021
Qingyao Huang, Paula Carrio Cordo, Bo Gao, Rahel Paloots, Michael Baudis

bioRxiv. doi: https://doi.org/10.1101/2021.02.15.428237

This article provides an overview of recennt chages and additions to the Progenetix database and the services provided through the
resource.

2021-02-15: more ...

Diffuse Intrinsic Pontine Glioma (DIPG) cohort

Diffuse Intrinsic Pontine Glioma (DIPG) is a highly aggressive tumor type that originate from glial cells in the pon area of brainstem,
which controls vital functions including breathing, blood pressure and heart rate. DIPG occurs frequently in the early childhood and has
a 5-year survival rate below 1 percent. Progenetix has now incorporated the DIPG cohort, consisting of 1067 individuals from 18
publications. The measured data include copy number variation as well as (in part) point mutations on relevant genes, e.g. TP53, NF1,
ATRX, TERT promoter.

@qingyao 2021-02-15: more ...

arrayMap is Back

After some months of dormancy, the arrayMap resource has been relaunched through integration
with the new Progenetix site. All of the oiginal arrayMap data has now been integrated into
Progenetix, and of today the arraymap .org domain maps to a standard Progenetix search page,
where only data samples with existing source data (e.g. probe specific array files) will be presented.

@mbaudis 2021-02-06: more ...

arrayMap .++5
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The Beacon protocol defines an open standard for genomics data discovery,
developed by members of the Global Alliance for Genomics & Health. It
provides a framework for public web services responding to queries against
genomic data collections, for instance from population based or disease
specific genome repositories.

his repository contains the specification for the v2 major version upgrade of
he Beacon API. It is now (2020) under active development and has not seen
a stable code release.

or further information, please follow the work here and consult the Beacon
Project website.
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