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ELIXIR Genome Roadmap

Beacons
A Driver Project of the Global
Alliance for Genomics and

The ELIXIR Beacon Roadmap delineates short-, mid- and long-term objectives, to
expand functional scope and reach of Beacon as a protocol and genomic data
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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. <= ~4Mbp in size). The query is against the arrayMap
collection and can be modified e.g. through changing the position parameters or data source.

CNV Example SNV Range Example SNV Example BND Example

Dataset* arraymap —
Reference 9 =
name*
Genome GRCh38 / hg38 v
Assembly*
(structural) DEL (Deletion) v
variantType
Gene CDKN2A
Coordinates
Start min 18000000
Position*
Start max 21975098
Position
End min 21967753
Position
End max 26000000
Position
Bio-ontology no selection

icdom-94403: Glioblastoma, NO!
icdom-94423: Gliosarcoma (9)

icdot-CO0-C14+: Lip, oral cavity :
icdot-CO1+: Base of tongue (41)
icdot-C01.9: Base of tongue, NO

Biosample [ neoplastic sample v ]
Type
Response

There were no previous searches yet. Please, perform a query by using the form above.

arrayMap 4#550. —progenetix This Beach |mplementat|or? is developed by thfa | /n\ University of el?g_r.. ﬂ
Computational Oncogenomics Group at the University
of Zurich, with support from the SIB Technology group

and ELIXIR.
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Handover
Filters

v Range Queries

Response
Position Ref Variants Response
Dataset Assembly Chro Start Range Alt Bio Query Calls faleles P
Context
End Range Type Samples
JSON
UCSC
* . 588 [H->O] Biosamples
arraymap ~ GRCh38 9 18000000 - 21975098 N IL_CI?CC))T)O?)?BZ(E)S?(; 588  0.0081 [H->O] Callsets Variants
219677583 - 26000000 DEL ' 588 [H->0O] CNV Histogram
[H->QO] Progenetix Interface
[H->Q] Variants
variant_type: "DEL"
callset_id: "pgxcs::GSE13021: :GSM326195"
variantset_id: "AM_VS_GRCH38"
biosample_id: "PGX_AM_BS_GSM326195"
vend:
0: 21968713
v info:
cnv_value: -0.3552
cnv_length: 194772
wvstart:
0: 21773941
digest: "9:21773941-21968713:DEL"
reference_name: "g"
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arraymap: 588 samples

© 2019 progenetix.org

beacon.progenetix.org

individual_id:
¥ provenance:
v material:
v type:
label:
id:

description:

¥ geo:
City:
longitude:
label:
precision:
latitude:
country:

P age_at_collection:
v biocharacteristics:

vo:
description:
v type:
id:
label:
vl:
description:
v type:
label:
id:
v2:
v type:
label:
id:
description:

wdata_use_conditions:

id:
label:

v external_references:

vo:
relation:
v type:
id:
label:
description:
b 1:
b 2:
b 3:
id:
description:
P info:
project_id:

"pGX_IND_GSM326195"

"neoplastic sample"
"EF0:0009656"
"glioblastoma [xenograft]"

"Washington"

-89.41

"Washington, United States"
"city"

40.7

"United States"

{..}

"glioblastoma [xenograft]"

"icdot-C71.9"
"Brain, NOS"

"glioblastoma [xenograft]"

"Glioblastoma, NOS"
"icdom-94403"

"Glioblastoma"
"ncit:C3058"
"glioblastoma [xenograft]"

"DUO:0000004"
"no restriction"

"denotes"

""geo:GSE13021"

'""geo:gse"

{..}

{..}

{..}

"PGX_AM_BS_GSM326195"
"glioblastoma [xenograft]"
{..}

"GSE13021"
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specific positions

chr12:94,306,043-98,466,437:DEL

current Beacon implementation —i —si
addresses ONV (<DUP>, <DEL>), as i oe000ts e
are SpeCIf ed Iﬂ VCF && G A4G|_| variant_type: “BND” variant_type: “ 7 variant_type: “BND”

variant schema



'biocharacteristics. type.id'
. 'biocharacteristics.type.id’

' :
F”ters . 'biocharacteristics.type.id’
| . 'biocharacteristics.type.id'

'external references.type.id’

adding non-variant query elements to aBeacon
query
using a single type of attribute ("filters)

'external references.type.id'

'external references.type.id’

'external references.type.id'

mapping filters to the corresponding data | | "external_references. type. id"
elements based on their prefixes S 1 A
heavily relying on ontology classes expressed aneter: “provenance.geo.city’

as CURIEs

allowing for "private classes/filters”, i.e. non- |
standard extensions for richer queries in private eter:) ‘Eounts wes
context '

'provenance.geo.country’
. true

'counts.wgs'
. true

'counts.ccgh'
. true

'counts.acgh'
X: true

'counts.genomes'
. true

Filter pretix to attribute mappings from BeaconPlus ' B R A

: true



Beacon Flavours

- Standard Beacon implementations report on allelic variants, based on querying
collections of aggregate or sample mapped genomic variant data

- This principle Is open to modular extensions

o Query: Phenotypic filters, selected variant types, data use conditions...

o Response: Handover for data delivery, variant details from range queries, statistics in response...

» Flavours describes the concept of adapting and applying Beacon protocol principles to
other data domains

= FEvidence Beacons
= Proteomics Beacons

= Plant Beacons

¢ ST Global Alliance
EIM b
‘I’\'! Q
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;\; for Genomics & Health



Beacon Flavours <> Implementations &

+ Beacon Flavours refer to principle differences in the Beacons' query and
response Structures

o reporting on knowledge resources ("Evidence Beacon") with a semantically rich
payload (variant annotation, clinical evidences...)

o non-human applications ("Plant Beacon")

o non-genomic data

- This Is different from use-case specific Beacon Implementation types
(e.g. "Clinical Beacon")

o use-case specific extend of data delivery, handover types, case mapping

requirements...
e[?ﬁ. é‘?yﬁ?{% Global Alliance
"

;\; for Genomics & Health
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GA4GH :: Discovery

A Work Stream of The Global Alliance for Genomics and Health

We build standards for federated, secured
networks of data and services, forming an
“Internet of Genomics”, and asking
meaningful questions across it.

- Marc Fiume

+  Discovery Networks

-+ Search API / Data Discovery
- Michael Batidis

- Beacon ;
- SchemaBlocks {S}[B]

GA4GH ::
Discovery

News

Participants

Examples, Guides & FAQ
Meeting minutes
Contacts

Beacon

Discovery Networks
GA4GH SchemaBlocks
Search API

ELIXIR beacon
GA4GH

Beacon*
beacon-network.org
GA4GH SchemaBlocks

Discovery
ELIXIR Beacon
SchemaBlocks

Beacon @ GA4GH SchemaBlocks
admins contacts @ contributors
developers leads press

releases = website
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Collaborate. Innovate. Accelerate.
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GA4GH Discovery Work Stream

Welcome to the homepage for the GA4GH Discovery Work Stream. We build
standards for federated, secured networks of data and services, forming an
“Internet of Genomics”, and asking meaningful questions across it.

The Discovery Work Stream is lead by Marc Fiume and Michael Baudis. For details
on how this Work Stream operates please read the Discovery Work Stream
Organizational Structure & Vision document.

This group meets at a high-level monthly. Meeting minutes are available to view
here. In addition, the sub-groups listed below meet on their own schedules.
Participation in these groups require participants to adhere to the GA4GH
Standards for Professional Conduct.

For more information on GA4GH, please visit the GA4GH Website.

Products

Product development in GA4GH follows a process outlined in a GA4GH Product
Approval Process Guide, in draft. Products developed by the work stream undergo
an initial investigation phase, followed by a formal Proposed Product Phase, in
which most of the work is done, followed by an formal Approval Phase during which
the products gain GA4GH Approval. The formal steps require the approval of the
Work Stream leads.

The following products are currently under development for this Work Stream.
Beacon API

A Beacon is a federated, web-accessible service that can be queried for -
information about a specific genomic variant, e.g. a single nucleotide
polymorphism (SNP/SNV) or a copy number variation (CNV), and reports
about its existence in the queried resources. Future versions of the Beacon
protocol will support different usage scenarios and offer the opportunity to
link to the matched data using e.g. a handover scenario.

The Beacon API specification is now coordinated through the ELIXIR Beacon project
and accessible there or directly trough its repository.

Discovery Search API

The Discovery Search API aims at developing a component based approach towards
the implementation of interfaces for genomic data and related information, for
instance for global, federated data sharing through the querying, and subsequent
optional processing of the results in a cloud environment. The in-development
specification for the Search API can be accessed here.

Discovery Networks API

/’“\ The BeaconNetwork was the first successful
\\\Eeacon Network ;5jementation of an open, federated API for world-wide
querying of genome resources. Current and future
developments target especially the integration of user authentication for different
access levels, extensions to the query language as provided through the emerging
Beacon API and the evaluation of different topologies, especially with respect to
security concerns.



GAAGH :: GA4GH Data Model

SchemaBlocks :
GA4G H {S}[ B] An Initiative by Members of the Global Recommendation (DRAFT)

Alliance for Genomics and Health The GA4GH data model recommends the use of a default object hierarchy in standard and product design

processes. While it reflects concepts from the original GAAGH schema, it provides mostly a structural guideline

About {S}|B
Ne::vus {SHE] for API and data store design, but is not thought to provide a set of absolute implementation requirements.
1
Cross-workstreams, Cross- participants Contrib
ontributors GA4GH
I T initiati Data Formats —> id
d r|Ve rS I n |t|at|Ve to Data Schemas e @mcourtot ziiir;:;ic:eeﬁstics Core
dOCU ment GA4G H ObJeCt Examples, Guides & FAQ e @mbaudis ;);'frnal_references |\I/:|)§:jae|
Meeting minutes h ..
standards and prototypes, g Summary e
- losampie
data form atS and Semant|CS The GA4GH data model for genomics recommends the use of id <
_ GA4GH:Discovery a principle object hierarchy, consisting of “,]_: E‘::;::‘:L—tzisﬁcs
launched in December 2018 CA4GH-CLP e variant
GA4GH::GKS o asingle molecular observation, e.g. a genomic - it:osample_id “
dOCU mentation and ELIXIR Beacon variant observed in the analysis of the DNA from s technology :
Phenopackets : Variant provenance |
. . a biosample info |
Implementation examples GA4GH |
Beacon+ —— biosample_id :

provided by GA4GH o callset wroiyrusl N T

o the entirety of all variants, observed in a single reference_name

start
mem beI’S SchemaBlocks experiment on a single sample 32:am o
ELIXIR Beacon o acallset can be compared to a data columnin a alternate_bases
no attempt to develop a VCF variant annotation file
. o callset has an optional position in the object
I’Ig |d, COm plete data SChema Beacon CP Discovery FAQ GA4GH hierarchy, since variants describe biological A gr?ph showmg recommended ba'5|c objects and their
_ . . . relationships. The names and attributes are examples
b- _t b I d GKS | MME  admins  code  contacts observations in a biosample and may diverge in count and specific wording (e.g.
ODJjeCt vocapbuliary an rerioutore |l coordirotes || dares "sull)ject" instead of “individual”) in specific
. e biosambple lmp ementations.
Semantlcs for a Iarge range developers = howto identifiers issues P . . . .
o areference to a physical biological specimen on
Of developments leads ' news  press  times & website which analyses are performed
(1 . . . o o
currently not “authoritative * individual
PR Global Alliance o in a typical use a human subject from which the biosample(s) was/were extracted

: L} A

GA4GH recommendations S TPt I
S F or Genomics & Health

» These basic definitions will be detailed further on.

Collaborate. Innovate. Accelerate.
Additional concepts (e.qg. dataset, study ...) may be added in the future. Q-



"biosample_id" : "structdb-bs-nhl-0009876",
"callset_id" : "structdb-cs-nhl-0009876",

"created" : "2019-01-22T03:06:457",

"digest" : "6:63450000,63550000-63450000,63550000:DEL",

GA4GH transitional Variant end” : [

63450000,
63550000
1,
. .. "1d" : "structdb-var-123456790",
Derived from original GA4GH data schema nfor i {
" "cnv_length" : 85500000,
developed by the Data Working Group o 0 204
] },
based on the VCF file format "reference_bases" : "N",
"reference_name" : 0,
representation of precise sequence alterations, S oo
copy number variants and single fusion events 63550000
1,
: "updated" : "2019-02-01T12:40:217",
prlmary gOaIS "variant_type" : "DEL"
sample based data storage i
object model for query APIs (Beacon...) :jgﬁgzgtia??e%ﬁ"’ég"éz%u
not attempting to provide reference variant, gt ooeet 20203020130 mancr o0
equivalence functionality eEper < L
parallel development of complete object model 1,
" "1d" : "5bel840772798347f0ed9%e8b",
(allele | haplotype ..., equivalence) by the reference. bases: . A"
GA4GH GKS work stream, based on VMC reference_nane" : 12",
star .
203420136
1,

"updated" : "2018-11-06T11:46:30.028Z"



Standardized Data Model for R o
Consistent Schema Development | === & e
|—g Biosample iosample Biosample Biosample
+ A consistent high-level data model is essential aviduaid ‘1 Plocharactarstics | [Diocharactaistics | | bocharzcteritics
for the development of reliable schemas and p [ catee
tools for L Ezz:zz;_id X
genomic and clinical, metadata storage L . verant oo i T:“tbm T:“tbm f:”tbm
development of genomic query and data delivery APls bosampled | T P
distributed/federated access across separate cference rame s v 1| [ raranse e 1| o name

(geographic, logistic) data repositories using

variant_type

alternate_bases

alternate_bases

alternate_bases

alternate_bases

consistent logical structure:

"BRCA1 variant in germline sample from a male
individual with a diagnosis of breast carcinoma
(ncit:C5214)

INDIVIDUAL CALLSET

'Y
® - BIOSAMPLE
',

“provenance”: { “provenance” : {

|
- I

- The abstract data model can be expressed In

stancestrY" . [ “material” : { « . .
. . i {.. N . “ “descripti;m" : “neuroblastoma”, Egr:\;e'na{nce H
different types of implementations “descrption”"South Afioan ancesry”, “ype- Tabel: New York Cty, Uniad Sates,
“id”:;'ancestro:0519", :'d" : :EF9100°965,6" N "precision” : "city",
"country” : "United States”,
Phenopackets data exchange standard J - ‘Jatitude®  40.71
! geo” : { - "longitude" : -74.01
“geo”: { :Iabelh : "l:qn'qun,_Unlted Kingdom®“, }
"label” : “Cape Town, South Africa, Africa“, precision” : ‘city’, }

Progenetix database model "Gty - “London’”
“country” : “United Kingdom”,
“latitude" : -0.13,

“longitude” : 51.51

"precision” : "city",
"city" : "Cape Town",
"country” : "South Africa”,
"latitude" : 18.42, }

424

schema-derived object storage datacollections for )
. . . . “longitude"” : -33.93 .
individuals, biosamples, callsets and variants } ’ 7% Global Alliance

A ’~ for Genomics & Health

Collabeorate. Innovate. Accelerate.






