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Humans are a unique species by carrying not only human-specific chromosomal sequences,
human-specific genetic variants but also human-specific genes. Furthermore, these genetics
function in various ways, including monogenetic/additive, intergenic and intragenic epistasis
mechanisms which may contribute to disease pathways. Such information manifests the
necessity to elucidate human genetic mechanisms for various diseases including polysubstance
use disorders (PUDs). We have examined both epistatic and transcriptional mechanisms for
PUDs. First, we have meta-analyzed in single nucleotide polymorphisms (SNP)-based dbGaP
datasets epistases among forty-six candidate genes which were selected based on findings from
not only GWAS, but also pharmacological, imaging and molecular signaling approaches. This
focused analysis revealed extensive and absolute genome-wide significances (AGWS, P-
values<10-20) for epistases via SNP-SNP interactions including top interactions with P-values
around 10-64 in males. Similarly, we examined genetic roles of known human-specific genes and
found that a human-specific gene interacting selectively with dopaminergic genes again as the
top interactions at AGWS in males. Finally, we interrogated intragenic epistasis of SLCG6A3, the
gene for dopamine transporter, and collected supporting evidence for epistasis in in vitro
transcription and brain region-dependent PET-imaging signals. These significant epistases
confirmed interacting dopamine signal and gender-dependence in PUDs, shedding light on
molecular biology of polygenic risks in such complex disorders.
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