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Decoding the molecular complexity of living systems requires more than measuring a single biological layer in isolation. Metabolic phenotyping occupies a unique position in this challenge: the metabolome sits at the convergence of genetic predisposition, environmental exposure (lifestyle), and disease, making it both a powerful readout of one’s individual health and a natural anchor for multi-omics integration.
This talk traces a practical path from within-modality statistical spectroscopy (STOCSY, Statistical HeterospectroscopY (SHY), and multi-block modelling) to genuine cross-platform integration of NMR with mass spectrometry, microbiome, imaging, and genetic data. Using case studies from the Australian National Phenome Centre, I will show both what such integration can reveal and where it runs into limits that are biological rather than computational: correlated metabolite networks, differing molecular dynamics, and the small effective number of independent channels a given sample size can resolve.
From these constraints I will argue for a deliberate strategy: anchoring integration on a single highly standardised, quantitative backbone, NMR, retaining the raw data so models can be revisited as methods improve, and adding orthogonal information only where it carries non-redundant signal. The talk closes on where AI-assisted modelling and harmonised data infrastructure can realistically advance phenomic medicine in the coming decade.
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