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Shared semantics are required for meaningful integration across systems
and sectors.

Contextual data are linked entities and processes, not isolated spreadsheet
columns, supporting machine-readability, semantic querying and FAIR data
exchange.
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Built through community
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WHY CONTEXTUAL DATA MATTERS
Genomic sequences require context for interpretation.
Water-based genomic surveillance generates diverse environmental,
laboratory, sequencing, and analytical contextual data that are often difficult to
integrate across systems and sectors. Inconsistent terminology and reporting
practices limit interoperability, reproducibility, and large-scale data reuse. The
iMicroSeq specification harmonizes contextual data to support Findable,
Accessible, Interoperable and Reusable (FAIR) genomic surveillance
workflows.

✓ Harmonized contextual data enabling cross domain water-based genomic surveillance
✓ Ontology-driven semantic modelling supporting interoperable and machine-readable
data exchange

WHAT IS IN THE SPECIFICATION
Modular ontology-based contextual data architecture
155 fields and >900 controlled vocabulary terms across 12 modules

Towards interoperable and FAIR water-based genomic surveillance: An ontology
driven contextual data specification for environmental genomics.

Figure 1: A semantic framework for interoperable water-based microbial genomics. The iMicroSeq contextual data specification harmonizes metadata across environmental genomics workflows using ontology-driven semantic modelling & interoperable tooling to support standardized validation, exchange, reuse, & One Health insights

IMPLEMENTATION ARCHITECTURE
Ontology driven semantics operationalised through LinkML
The specification is implemented in LinkML and operationalized through
DataHarmonizer templates, to support community uptake and interoperable
data exchange. Ontologies provide semantic relationships between entities
and processes, while LinkML operationalises these semantics into validated,
machine-readable schemas supporting structured data entry, repository
mappings, interoperable exchange formats, and downstream analytical
pipelines.

The framework functions as the structural backbone of the iMicroSeq Data
Portal (https://imicroseq-dataportal.ca). 
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SPECIFICATION DEVELOPMENT
Community driven semantic standards development
The specification was developed through user engagement and needs
assessments, review of existing standards, and cross domain gap analyses.

Built using OBO Foundry ontologies and semantic modelling; the framework
extends the international PHA4GE wastewater standard to support marine,
freshwater, drinking water, and built environment surveillance contexts.

IMPACT:  ✓ Structured validation and automated transformation into repositories and
analytical workflows
 ✓ Direct implementation in the iMicroSeq Data Portal

Figure 2. Ontology-driven semantic model for sample collection provenance.  Semantic relationships between samples,
collection processes, metadata, individuals, and organizations support interoperable and FAIR environmental genomics
workflows.
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ONTOLOGY DRIVEN SEMANTIC MODELLING

Figure 3. Operationalising standards through tooling. The specification is operationalised in the spreadsheet style
validation applincation the DataHarmonizer with automated exports to downstream repositories including the
iMicroSeq Portal. 
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