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Abstract

Representing Variant Call Format (VCF) data using the Resource Description Framework (RDF) offers benefits in
interoperability, integration with other biomedical datasets, and selective privacy protections. Due to complexities
of the data represented in VCF files, conversion of VCF to RDF poses challenges, especially concerning complex,
heterogeneous data fields. Here, we propose converting VCF files to serialized RDF using the RML mapping
language and established genomic data ontologies. Such a methodology will demonstrate the feasibility of an
RML-based approach and inform a more FAIR, machine-actionable representation strategy for representing VCF
data that is compatible with semantic data privacy policies and useful in both clinical and academic domains.
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1. Introduction

The generation and use of genomic variant data is rapidly expanding across clinical, personal, and
research contexts [1, 2] and most of these applications rely on the Variant Call Format (VCF) for genomic
data representation. Despite its widespread adoption, VCF is highly domain-specific and offers limited
interoperability with other biomedical data systems. In practice, this constrains integration, reuse, and
selective disclosure of variant data across diverse use cases.

VCEF also presents technical limitations related to data sharing, linking, and querying. The format
provides only weak, inconsistently structured references to external resources (e.g., via rsIDs), lacks
native support for fine-grained access control, and enforces all-or-nothing data sharing, even when
only subsets of variants are needed. Querying VCF data typically requires specialized tools or custom
pipelines, limiting flexibility and scalability. In contrast, RDF-based representations support interopera-
ble linking, expressive SPARQL querying [3], and the application of policy frameworks such as ODRL
[4] for granular access control.

Several ontologies and schemas—such as GA4GH variant models [5], FALDO [6], and the Sequence
Ontology [7]—demonstrate the potential of semantic representations for genomic variants, but robust
and generalizable VCF-to-RDF transformations remain challenging. The structural heterogeneity of
VCF fields complicates uniform semantic modeling, motivating declarative mapping approaches. We
propose the use of RML [8] and its associated tooling to convert VCF files into RDF.

2. Implementation Design

To investigate the feasibility of representing VCF data as RDF, we developed a representative mapping
workflow grounded in established genomic ontologies and executed through the RML ecosystem using
pre-existing tools. We propose the use of pre-existing ontologies as well as a supplemental vocabulary
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for the modeling of complex fields such as the HEADER rows, and INFO, FORMAT, and GENOTYPE
fields, which are the most heterogeneous and semantically dense components of a VCF file.

A main reason we chose RML as a conversion engine is its rule-based design makes it especially
well-suited for representing the irregular and nested structures found in VCF files. The more challenging
fields to represent using RDF frequently contain variable-length lists, optional attributes, and complex
annotation encodings. RML’s expressive mapping framework, including nested iterators, conditionals,
and datatype coercion, can capture these structures in a declarative manner that scales well across
datasets. This capability is essential for building a more robust, vocabulary-driven view of VCF where
metadata definitions, variant annotations, and sample-level attributes are semantically linked.

The proposed implementation presented here highlights the potential for RML-based conversion
approaches to contribute to increasingly interoperable, queryable, and privacy-aware genomic data
infrastructures in the future.
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