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Al-driven exploration of molecular data in animal science: applications in
genomics and metabolomics to dissect the animal phenome

S. Bovo', G. Schiavo', M. Bolner', F. Bertolini', L. Fontanesi'

'University of Bologna, Animal and Food Genomics Group, Dept. of Agricultural and Food Sciences, Viale
Fanin 46, 40127 Bologna, Italy

Abstract

Artificial Intelligence (AI) provides powerful tools to extract biologically meaningful information
from high-dimensional omics datasets. Here, we present the application of Boruta, a Random
Forest-based feature selection algorithm, to genomic and metabolomic data in pigs, highlighting
its value for dissecting complex phenotypes. Using high-density Single Nucleotide Polymorphism
arrays from over than 1,000 pigs across local and commercial breeds. Boruta identified reduced
subsets of informative markers capable of allocating pigs to their corresponding breeds with high
accuracy. Additionally, Boruta was applied to metabolomics datasets derived from plasma, serum
and urine samples across multiple pig and cattle cohorts to explore the molecular phenome in
relation to complex traits, including breed differences, sexual dimorphism, heat stress, and
variation in production traits. Machine learning enabled the identification of stable metabolomic
signatures capturing metabolic shifts at different biological levels. Overall, Al-driven analysis of
genomic and molecular phenomics data represents a practical strategy to identify robust
biomarkers, supporting innovative breeding and precision feeding programs in the era of big data.
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