Integrative Bioinformatics Beyond Medicine: Linking Biological, Environmental, and Social Data to Build a Health Innovation Ecosystem in Khon Kaen
Abstract
Bioinformatics has evolved from a laboratory-based discipline focused on genomic and molecular analysis into a strategic platform for population health, precision public health, and health innovation. This conceptual and strategic presentation proposes an integrative bioinformatics framework for Khon Kaen, Thailand, where biological, environmental, and social data can be connected to support the development of a regional medical and wellness innovation ecosystem.
The proposed framework is grounded in the emerging need to integrate heterogeneous datasets, including genomics, phenomics, microbiome profiles, clinical records, wearable sensor data, environmental monitoring, geospatial information, wellness service data, and social determinants of health. In the Khon Kaen context, these data streams can be aligned with key strategic platforms: the Khon Kaen Medical Innovation District, the National Phenome Institute, the Wellness Directory, Khon Kaen Smart City, Khon Kaen Silver City, and microbiome-based One Health initiatives. Together, these platforms provide a living laboratory for translating bioinformatics into real-world health, social, and economic impact.
The presentation highlights four major applications. First, multi-omics and phenomics can strengthen precision medicine and preventive health services. Second, microbiome informatics can bridge human health, food systems, agriculture, and environmental sustainability under a One Health framework. Third, integration of smart city and environmental data can support precision public health, particularly for non-communicable diseases, aging, air pollution, mobility, and community health planning. Fourth, linked data from wellness providers and innovation districts can support trusted wellness services, health tourism, and commercialization of health innovation.
A unified data architecture based on FAIR and interoperable data principles is proposed to connect biological repositories, hospital information systems, city data platforms, wellness directories, and innovation sandbox data. Such an architecture would enable evidence-based decision-making, real-world validation of health technologies, monitoring of key performance indicators, and evaluation of social impact.
This presentation argues that integrative bioinformatics should be positioned not only as a scientific capability, but also as an enabling infrastructure for medical innovation, healthy aging, sustainable urban development, and regional economic transformation. Khon Kaen can serve as a model for using bioinformatics to move beyond medicine—toward a data-driven, inclusive, and sustainable health innovation ecosystem for Thailand and the Greater Mekong Subregion.
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