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Figure 2: Global federated network for genomic information discovery and sharing. 
 

 

Beacon Project
An open web service that tests the willingness of international sites to share genetic data.

> 50 Beacons 
throughout 
the world



Driving Beacon Development
▸ Beacon+ 

• CNV/CNA as first type of structural variants  
• disease specific queries 
• quantitative reporting

DATA DRIVEN GA4GH IMPLEMENTATION PROJECTS

▸ arrayMap for GA4GH 
• metadata schema development through implementation of 

arrayMap resource data 
• OntologyTerm objects for biodata 
• implementation w/ ontology services 

arrayMap    

Developing the GA4GH Metadata Schema

- id : string
- name: string
- dataset_id: string
- reference_set_id : string
- metadata : VariantSetMetadata[0..*]

VariantSet

- id : string
- variant_set_id : string
- names : string[0..*]
- created : int64
- updated : int64
- reference_name : string
- start : int64
- end : int64
- reference_bases : string
- alternate_bases : string[0..*]
- info : string[0..*]
- calls: Call[0..*]

Variant

- call_set_name : string
- call_set_id : string[0..*]
- genotype : int[0..*]
- phaseset : string
- genotype_likelihood : double[0.*]
- info : string[0..*]

Call CallSet
- id : string
- name: string
- biosample_id : string
- variant_set_id: string[0..*]
- created : int64
- updated : int64
- info : string[0..*]

- id : string
- name : string
- individual_id : string
- description : string
- characteristics : Characteristics
- info : string[0..*]

BioSample

- diseases : BioCharacteristics[0..*]
- phenotypes : BioCharacteristics[0..*]

Characteristics

- description : string
- ontologyTerms : OntologyTerm[0..*]
- negateOntologyTerms: OntologyTerm[0..*]

BioCharacteristic

- id : string
- term: : string
- source_name : string
- source_version : string

OntologyTerm

- id : string
- dataset_id : string
- name : string
- description : string
- characteristics : Characteristics
- created : int64
- updated : in64
- species : OntologyTerm
- sex : OntologyTerm
- info : string[0..*]

Individual

- key : string
- value : string
- id : string
- type: string
- number: string
- description: string
- info : string[0..*]

VariantSetMetadata
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Association
<biosample_id, id>

Association
<call_set_id, id>

Association
<variant_set_id, id>

Association
<individual_id, id>



arrayMap 
Resource for copy number variation data in cancer



Beacon+ Concept

• Implementation of cancer 
beacon prototype, backed by 
arrayMap and DIPG data set 
(MacKay et al., Cancer Cell 2017, in print) 

• structural variations (DUP, 
DEL) in addition to SNV 

• diagnosis queries using 
ontology codes (NCIT, ICD-O) 

• quantitative responses 
• current version uses GA4GH 

schema compatible database
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      "$and" : [ 
         { "reference_name" : “9" }, 
         { "variant_type" : “DEL" }, 
         { "start" : { "$gte" : 19500000 } }, 
         { "start" : { "$lte" : 21984490 } }, 
         { "end" : { "$gte" : 21957751 } }, 
         { "end" : { "$lte" : 24500000 } } 
      ] 
   }, 
   "api_version" : "0.4", 
   "beacon_id" : "org.progenetix:progenetix-beacon", 
   "exists" : true, 
   "info" : { 
      "query_string" : 
"dataset_id=arraymap&variants.reference_name=chr9&assembly_id=GRCh36&va
riants.variant_type=DEL&variants.start_max=19000000&variants.start_min=
21984490&variants.end_min=21900000&variants.end_max=25000000&biosamples
.bio_characteristics.ontology_terms.term_id=pgx:icdom:9440_3", 
      "version" : "Beacon+ implementation based on a development branch 
of the beacon-team project: https://github.com/ga4gh/beacon-team/pull/
94" 
   }, 
   "url" : “http://progenetix.org/beacon/info/“, 
   "dataset_allele_responses" : [ 
      { 
         “dataset_id" : "arraymap", 
         "error" : null, 
         "exists" : true, 
         "external_url" : “http://arraymap.org", 
         "sample_count" : 584, 
         "call_count" : 3781, 
         "variant_count" : 3244, 
         "frequency" : 0.0094, 
         "info" : { 
           "description" : "The query was against database 
\"arraymap_ga4gh\", variant collection \"variants_cnv_grch36\". 3781 / 
59428 matched callsets for 3602919 variants. Out of 62105 biosamples in 
the database, 2047 matched the biosample query; of those, 584 had the 
variant.", 
            "ontology_ids" : [ 
              "ncit:C3058", 
              "pgx:icdom:9440_3", 
              "pgx:icdot:C71.9", 
             "pgx:icdot:C71.0" 
            ] 

◦ Beacon+ range queries allow the definition 
of a genome region of interest, containing a 
specified variant or potentially other position 
related feature 

◦ “fuzzy” matching of region ends essential 
for inexact features 

◦ current Beacon implementation addresses 
CNV (<DUP>, <DEL>), as are specified in 
VCF && GA4GH variant schema

Match using query 
ranges “at least 

one base in interval 
affected”

Region of Interest, 
e.g. CDR of Gene
(here: CDKN2A)

Example “focal” 
matches (overlap 

w/ size limit)

Mismatches
- too large

- end outside
- start outside

end_min, end_max
[21957751,24500000]

start_min, start_max
[19500000, 21984490]
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- id : string
- name: string
- dataset_id: string
- reference_set_id : string
- metadata : VariantSetMetadata[0..*]

VariantSet

- id : string
- variant_set_id : string
- names : string[0..*]
- created : int64
- updated : int64
- reference_name : string
- start : int64
- end : int64
- reference_bases : string
- alternate_bases : string[0..*]
- attributes : Attributes
- calls: Call[0..*]

Variant

- call_set_name : string
- call_set_id : string[0..*]
- genotype : int[0..*]
- phaseset : string
- genotype_likelihood : double[0.*]
- attributes : Attributes

Call CallSet
- id : string
- name: string
- biosample_id : string
- variant_set_id: string[0..*]
- created : int64
- updated : int64
- attributes : Attributes

- id : string
- name : string
- dataset_id : string
- individual_id : string
- description : string
- bio_characteristics : BioCharacteristics[0..*]
- attributes : Attributes
- external_identifiers : ExternalIdentifier[0..*]
- individual_age_at_collection: Age
- location : GeoLocation

BioSample

- id : string
- term: : string

OntologyTerm

- id : string
- dataset_id : string
- name : string
- description : string
- bio_characteristics : BioCharacteristics[0..*]
- created : int64
- updated : in64
- species : OntologyTerm
- sex : OntologyTerm
- location : GeoLocation
- attributes : Attributes
- external_identifiers : ExternalIdentifier[0..*]

Individual

- key : string
- value : string
- id : string
- type: string
- number: string
- description: string
- attributes : Attributes

VariantSetMetadata
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- age : string
- age_class : OntologyTerm

Age

- description : string
- ontology_terms : OntologyTerm[0..*]
- negated_ontology_terms : OntologyTerm[0..*]
- scope : string

BioCharacteristic

- database : string
- identifier : string
- version : string

ExternalIdentifier

- label : string
- precision : string
- latitude : double
- longitude : double
- altitude : double

GeoLocation

- attr : {string: AttributeValueList}
Attributes

- values : AttributeValue
AttributeValueList

- values : Enum(
  string_value : string
  int64_value : int64
  bool_value : bool
  double_value : double
  external_identifier : ExternalIdentifier
  ontology_term : OntologyTerm
  experiment : Experiment
  program : Program
  analysis : Analysis
  null_value : NullValue
  attributes : Attributes
  attribute_list : AttributeValueList

AttributeValue

GA4GH DWG Metadata Task Team 
Wrangling the Schema



◦ biomedical "metadata" in different resources 
frequently follows incompatible classification 
systems 

◦ medical coding systems are driven by different 
paradigms compared to biological ontologies (e.g. 
for cross-species comparisons) 

◦ frequently used classifications (ICD, Snomed…) 
are either not “ontologised” or cannot be 
referenced in open resources

Making Ontologies Work for GA4GH Implementation Studies

Federated queries across 
resources need curated 

mappings of classifications/
ontologies

Ontology 
Mapping 
service

Ontology 
Lookup 
Service

UMLS 

150 ontologies, 
mostly OBO. 


Contains many 
dbXref links 

covering 
disease, 

anatomy, cross 
species 

mappings


Many disease mappings 
UMLS, MeSH, OMIM, 

SNOMED, ICD


SNOMED-CT (UK 
edition ICD9/

ICD10 mappings)

Manually 
curated 

mappings

Mapping generated as 
part of EBI projects (e.g. 

OpenTargets; mostly 
disease/phenotype 

mappings)

Ontology Mapping Service



Working towards ontologies w/ arrayMap: Mapping >55’000 samples from ICD-O to NCIt neoplasm core

- From 456 pairs of ICD-O terms Morphology and Topography representative of cancer 
entities in arrayMap 

- Develop Python script to take ICD-O Morphology and Topography labels separately 
QUERY ZOOMA, OxO and OLS to find mapping to NCIt 

Is Mapped to 
ontology?

Missing/incorrect 
mappings?

Query Zooma + OLS

Yes

Yes

Is mapped to 
Ncit?

Can find mapping 
to NCIt in OxO?

Yes

Yes
Build OWL file 
and classify 

No

No

No

Curation

From 456 pairs of ICD-O  
70% ICD-O Morphology -  NCIt  
65% ICD-O Topography - NCIt  
 
45% ICD-O-3 Pairs mapped to NCIt terms 

=> MANUAL CURATION of >50%



      "$and" : [ 
         { "reference_name" : “9" }, 
         { "variant_type" : “DEL" }, 
         { "start" : { "$gte" : 19500000 } }, 
         { "start" : { "$lte" : 21984490 } }, 
         { "end" : { "$gte" : 21957751 } }, 
         { "end" : { "$lte" : 24500000 } } 
      ] 
   }, 
   "api_version" : "0.4", 
   "beacon_id" : "org.progenetix:progenetix-beacon", 
   "exists" : true, 
   "info" : { 
      "query_string" : 
"dataset_id=arraymap&variants.reference_name=chr9&assembly_id=GRCh36&va
riants.variant_type=DEL&variants.start_max=19000000&variants.start_min=
21984490&variants.end_min=21900000&variants.end_max=25000000&biosamples
.bio_characteristics.ontology_terms.term_id=pgx:icdom:9440_3", 
      "version" : "Beacon+ implementation based on a development branch 
of the beacon-team project: https://github.com/ga4gh/beacon-team/pull/
94" 
   }, 
   "url" : “http://progenetix.org/beacon/info/“, 
   "dataset_allele_responses" : [ 
      { 
         “dataset_id" : "arraymap", 
         "error" : null, 
         "exists" : true, 
         "external_url" : “http://arraymap.org", 
         "sample_count" : 584, 
         "call_count" : 3781, 
         "variant_count" : 3244, 
         "frequency" : 0.0094, 
         "info" : { 
           "description" : "The query was against database 
\"arraymap_ga4gh\", variant collection \"variants_cnv_grch36\". 3781 / 
59428 matched callsets for 3602919 variants. Out of 62105 biosamples in 
the database, 2047 matched the biosample query; of those, 584 had the 
variant.", 
            "ontology_ids" : [ 
              "ncit:C3058", 
              "pgx:icdom:9440_3", 
              "pgx:icdot:C71.9", 
             "pgx:icdot:C71.0" 
            ] 

◦ quantitative reporting

◦ additional information about query 
& dataset(s)

◦ multiple datasets can be returned 
(only one shown here)

◦ standard Beacon payload (e.g. 
“exists”)

Beacon+ Concept 
Testing Beacons for Data Discovery

◦ testing GA4GH metadata 
“biocharacteristics” ontology term ids



◦ Study in >1000 rare aggressiive 
childhood brain tumors 

◦ 157 of those not published 
previously 

◦ copy number aberration data and 
selected gene panel represented 
in DIPG Beacon+ 

◦ interface with quantitative retiurns

Implementing real-world datasets for federated access using GA4GH schema specifications: pHGG



Implementing real-world datasets for federated 
access using GA4GH schema specifications: pHGG

 "_id" : ObjectId("591eb73709d374442fcc6b2a"), 
 "individual_id" : "DIPG_IND_0809", 
 "id" : "DIPG_BS_0809", 
 "name" : "pHGG_META_0809", 
 "description" : “glioma, paediatric, high grade", 
 "individual_age_at_collection" : { 
  "age_class" : { 
   "term" : "Adult onset", 
   "term_id" : "HP:0003581" 
  }, 
  "age" : "P17Y0M" 
 }, 
 "bio_characteristics" : [ 
  { 
   "ontology_terms" : [ 
    { 
     "term_label" : "Glioma", 
     "term_id" : "ncit:C3059" 
    }, 
    { 
     "term_label" : "Brain NOS", 
     "term_id" : “pgx:icdot:C71.9” 
    } 
   ], 
   "description" : “Juvenile high grade glioma", 
  } 
 ], 
 "external_identifiers" : [ 
  { 
   "database" : "Pubmed", 
   "identifier" : "25752754", 
   "relation" : "reported_in" 
  } 
 ], 
 "attributes" : { 
  "grade" : { "values" : [ { "string_value" : "4" } ] }, 
  "histone" : { "values" : [ { "string_value" : "wt" } ] }, 
 } 
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Check it Out!

◦ managed, participation 
driven projects living on 
Github: ga4gh 

◦ beacon.arraymap.org 
◦ dipg.progenetix.org 
◦ test datasets & code 

available through our 
progenetix repositories 
➡ test 
➡ comment 
➡ suggest 
➡ propose 
➡ complain …

http://beacon.arraymap.org
http://dipg.progenetix.org


BAUDISGROUP @ UZH 

NI AI 
MICHAEL BAUDIS 
(HAOYANG CAI) 
PAULA CARRIO CORDO 
BO GAO 
(LINDA GROB) 
SAUMYA GUPTA 
(ROMAN HILLJE) 
QINGYAO HUANG 
(NITIN KUMAR) 
(ALESSIO MILANESE)

SIB 

HEINZ STOCKINGER 
SÉVERINE DUVAUD 
VASSILIOS IOANNIDIS 
DANIEL TEIXEIRA

GA4GH DWG + CWG 

JACQUI BECKMANN 
ANTHONY BROOKES 

MARK DIEKHANS 
MARC FIUME 

MELISSA HAENDEL 
DAVID HAUSSLER 

SARAH HUNT 
STEPHEN KEENAN 

SUZY LEWIS 
DAVID LLOYD 

MICHAEL MILLER 
HELEN PARKINSON 

GUNNAR RÄTSCH 
DAVID STEINBERG 

JULIA WILSON

ELIXIR, CRG, EBI 

JORDI RAMBLA DE ARGILA 
MELANIE COURTOT 

S. DE LA TORRE PERNAS  
SUSANNA REPO 

SERENA SCOLLEN 
TRISH WHETZEL 

THOMAS EGGERMANN 
ROSA NOGUERA 
REINER SIEBERT 
CAIUS SOLOVAN

Michael Baudis - #GA4GH2017


