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This project is directed at applying machine learning algorithms to the detection of susceptibility genes underlying a variety of genetically complex disorders.

BACKGROUND
The identification of susceptibility genes contributing to the etiology of genetically complex disorders has been revolutionized  by genome-wide association (GWA) studies.  These studies evaluate the LINEAR association between disorders such as Asthma, Bipolar Disorder, Cancer, Diabetes (Type I, Type II), Hypertension, Inflammatory Bowel Disease, Multiple Sclerosis, Obesity, and Schizophrenia, and a huge number of single-nucleotide polymorphism (SNP) genetic markers, arrayed on a DNA microchip.

Significant cost and effort have gone into the collection and phenotypic characterization of large patient samples as well as into the genotypic characterization of SNPs.  Thus, DNA samples from each of thousands of individuals affected with a disorder are simultaneously compared with more than one million SNPs.  Nonetheless, relatively few disease susceptibility genes have been discovered (< 10/disorder), despite these analyses comprising more than one billion data points each.

COMMENT
The relatively low statistical power of GWA studies may arise from two factors: 1) failure to evaluate NON-LINEAR as well as linear relationships between disease and markers and 2) disregard of an enormous wealth of biological information which exists in gene interaction and gene ontology databases across many species, as well as in neuroanatomic, neurodevelopmental, and disease gene expression databases.

THE PROJECT
We are developing a statistical approach to the non-linear analysis of disease-gene relationships in which machine learning paradigms (such as Artificial Neural Networks, Bayesian Networks, “Genetic” Algorithms, and Support Vector Machines) are combined with Expert Knowledge derived from the aforementioned databases to arrive at significant sets of interacting and biologically plausible candidate genes which, acting individually or in concert, contribute to the pathogenesis of complex human diseases.  Once developed, this approach will be applied to one well-studied, and one less well-studied, genetically complex disorder, namely age-related macular degeneration and schizophrenia, respectively.

GOAL
We hope that this project will lay the groundwork for a novel approach to understanding a wide variety of medical disorders, which, while etiologically complex, are also chronic, disabling, and extremely common.
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