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Whole genome sequencing biotechnologies opened new avenues to the discovery of 

mutations causative of genetic diseases and more in general to the study and detection of 

disease and trait-associated genetic variants. 

Only a tiny part of the huge amount of genetic variation in human genome is associated with a

specific trait or disease, and from a machine learning standpoint this translates into a relevant

imbalance between variants associated with diseases (positive examples) and the overall non

deleterious genetic variation (negative examples). 

It is well-known that with highly imbalanced data machine learning methods tend to be biased 

toward the majority class, and in a genomic context this can result in poor sensitivity and 

precision for the detection of variants associated to specific traits or diseases. Unfortunately, 

most of the state-of-the-art machine learning methods, despite their successful application to 

the prediction of genomic features, do not adopt specific imbalance-aware learning 

techniques to deal with imbalanced genomic data, thus resulting in a significant reduction of  

accuracy and sensitivity.

To overcome these limitations we present a new machine learning method that adopts a 

hyper-ensemble (ensemble of ensembles) approach, as well as oversampling and 

undersampling techniques to balance the imbalanced data sets naturally arising from the 

analysis of genomic data.

The proposed approach consistently outperforms state-of-the-art machine learning methods 

recently proposed in literature for the prediction of deleterious variants, showing that in a real 

scenario the imbalance-awareness of machine learning methods is essential for the detection 

of rare categories of genetic variation in the human genome.


