
Contact

Variants are linked to Cat-VRS categories to 

support mapping between observational

and interpretative resources.

UniProt CDR
Protein knowledge

ClinVar PR
variant interpretation

SynVar Tool
syntactic + cross-level mapping

Federated analysis in TREsFederated discovery with BeaconLink to related variantsVariant identification and 
normalisation

Enabling Federated Genomic Data Discovery and 
Analysis with GA4GH Standards across ELIXIR

Introduction

• Genomic data are distributed across ELIXIR

resources and remain difficult to link because

of differences in format, precision and

representation level.

• GA4GH standards provide complementary

building blocks for interoperable variant

representation, discovery and analysis.
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Cat-VRS
Categorical VRS

Groups related variants 

through shared constraints

Abstraction

TES
Task Execution Service

Runs analysis tasks in TREs 

via a standardised

execution interface

Analysis

VRS
Variant Representation 

Specification

Normalises variant 

descriptions into

computable 

representations

Representation

Beacon
Beacon Protocol

Enables federated 

discovery while data 

remain distributed

Discovery

Variants are normalised using VRS, 

reconciling equivalent descriptions.

Beacon finds variants, genes, regions or 

phenotypes across distributed datasets

using standardised query parameters.

TES executes local analysis tasks inside

TREs, which return controlled aggregate

results.

Open challenges

VICC Variation Normalize / 
vrs-python Tool
VRS normalization

VariantValidator NS
HGVS/VCF validation and mapping 

GA4GH STANDARDS

From candidate variant to federated evidence

A collaborative effort across the ecosystem
Relevant ELIXIR Communities

• Rare Diseases

• Federated Human Data

• Human Copy Number Variation (hCNV)

• Cancer Data

Relevant ELIXIR Platforms

• Data

• Tools

• Interoperability

• Training

Relevant European initiatives

• ERDERA: European Rare Diseases Research Alliance

• GDI: European Genomic Data Infrastructure

• EOSC-ENTRUST: European network of Trusted Research Environments
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SIBiLS NS
Literature mining

EuropePMC CDR
Literature resource

</>
VRS adoption

Uneven

implementation

across tools and 

databases

Mutalyzer Tool
HGVS validation + backtranslation

CDR ELIXIR Core Data Resource

NS ELIXIR Node Service (formal)

Tool at an ELIXIR nodeTool

Tool GA4GH Tool

PR Public resource

ELIXIR infrastructureInfra

Relevant GA4GH Work Streams

• GKS: VRS / Cat-VRS

• Discovery: Beacon

• Cloud: TES

Cross-level
mapping

Need reliable links 

between genomic, 

transcript and 

protein layers

Cat-VRS 
categories

Need shared

constraints across

resources

Beacon 
semantics

Query behavior

remains

implementation-

dependent

Beacon ➜
TES/TREs

The bridge from

discovery to analysis

is still emerging

ga4gh:VA.6MnwvRSE2wt8
VTPLPfLMCbqH1qxxcxFR

NC_000002.12:g.222232082_222232083ins

NC_000002.12:g.222232082dup

VRS

Beacon response

Dataset A: yes, 2 cases  

Dataset B: no  

Dataset C: yes, 1 case 

assemblyId = 

GRCh38

referenceName = 2

start = 222232082

referenceBases = A

alternateBases = AA

Filters = HP:0000365

Beacon TES

Cat-VRS category: 

PAX3 loss-of-

function variants

local inputs: variant 

calls + HPO profiles

task: genotype-

phenotype summary

matching cases: 5

shared phenotypes: 

hearing loss, pigmentation 

abnormalities

Aggregate summary only

Phenotype & 
literature

Evidence needs

better normalisation 

and linkage

Coordinated
adoption

Uptake requires

alignment across

communities and 

platforms

Progenetix /
Cafe Variome NS

Beacon nodes

RD-Connect GPAP PR
Beacon-enabled RD platform

Beacon Network Infra
Federated discovery

EGA/FEGA CDR/Infra
GA4GH-aligned 
access/discovery

EOSC-ENTRUST Proj
TRE interoperability
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PAX3 c.788dup

NC_000002.12:g.222232082dup

PAX3 loss-of-function variants

Cat-VRS

ELIXIR projectProj


