
API , Implementations && Concepts, Engagement
ELIXIR && GA4GH - Beacons
Beyond Basic Variant Discovery  



structural variations (DUP, DEL) in 
addition to SNV


… more structural queries 
(translocations/fusions…)


filters (phenotypes, datasets, 
metadata...)


layered authentication system using 
ELIXIR AAI


quantitative responses

descriptive responses

Beacon queries as entry for data 

handover (outside Beacon protocol)

Ubiquitous deployment (e.g. throughout 

ELIXIR network)

• Driver project on GA4GH roadmap

• aligns with Discovery Work Stream

• strong impact on GA4GH 

developments as a concrete, 
funded project 

forwardforwardforwardELIXIR Beacon Project Beacon   forward



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



Beacon API 2019 
✓ Handover 
✓ Filters 
✓ Range Queries

beacon.progenetix.org



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

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

◦ current Beacon implementation 
addresses CNV (<DUP>, <DEL>), as 
are specified in VCF && GA4GH 
variant schema
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chr12:94,306,043-98,466,437:DEL

start_min: 94,000,000
start_max: 94,500,000

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

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



Filters

• adding non-variant query elements to aBeacon 
query


• using a single type of attribute ("filters)

• mapping filters to the corresponding data 

elements based on their prefixes

• heavily relying on ontology classes expressed 

as CURIEs

• allowing for "private classes/filters", i.e. non-

standard extensions for richer queries in private 
context

Filter prefix to attribute mappings from BeaconPlus



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 

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

○ 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 

➡ Evidence Beacons 

➡ Proteomics Beacons 

➡ Plant Beacons



Beacon Flavours <> Implementations
• Beacon Flavours refer to principle differences in the Beacons' query and 

response structures 

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

○ non-human applications ("Plant Beacon") 

○ non-genomic data 

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

○ use-case specific extend of data delivery, handover types, case mapping 
requirements...



GA4GH :: Discovery ⋂ ELIXIR Beacon

• Representation in GA4GH 

• Coordination with GA4GH Work 

Streams for standards 

• Interaction (use cases, requirements) 

with other Driver Projects 
➡ concepts & interactions

• Development of the Beacon API 

• Core Beacon API and 

implementations for ELIXIR 

stakeholders 

• Demonstrators and use cases 
➡ implementation & delivery



GA4GH :: Discovery 
A Work Stream of The Global Alliance for Genomics and Health

• Marc Fiume

• Discovery Networks

• Search API / Data Discovery


• Michael Baudis

• Beacon

• SchemaBlocks {S}[B] 

We build standards for federated, secured 
networks of data and services, forming an 

“Internet of Genomics”, and asking 
meaningful questions across it.



GA4GH {S}[B]
• “cross-workstreams, cross-

drivers” initiative to 
document GA4GH object 
standards and prototypes, 
data formats and semantics


• launched in December 2018

• documentation and 

implementation examples 
provided by GA4GH 
members


• no attempt to develop a 
rigid, complete data schema


• object vocabulary and 
semantics for a large range 
of developments


• currently not “authoritative 
GA4GH recommendations”



GA4GH transitional Variant

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


• based on the VCF file format

• representation of precise sequence alterations, 

copy number variants and single fusion events

• primary goals


• sample based data storage 

• object model for query APIs (Beacon…)


• not attempting to provide reference variant, 
equivalence functionality


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

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

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



Standardized Data Model for 
Consistent Schema Development

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

• genomic and clinical, metadata storage

• development of genomic query and data delivery APIs

• distributed/federated access across separate  

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

• "BRCA1 variant in germline sample from a male 

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


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

• Phenopackets data exchange standard

• Progenetix database model


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