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Nicotine addiction and smoking are complex behaviors with strong genetic underpinnings. The
genetic predispositions for nicotine addiction may act through cerebral white matter (WM) that
shows short- and long-term changes in smokers consistent with positive and negative
reinforcement mechanisms. We hypothesized that vertical genetic pleiotropic pathways may be
responsible for the links between genes, nicotine addiction and cerebral WM integrity. We tested
this hypothesis using individual genetic factors, WM integrity measured by fractional anisotropy
(FA), and smoking/nicotine dependence measured by cigarettes per day (CPD) in a large
epidemiological sample collected UK Biobank. We performed genome-wide association study
(GWAS) to identify genetic factors associated with smoking and nicotine dependence, that were
also associated with WM integrity. We then evaluated two competing vertical pathways: genes
— WM integrity — smoking severity vs. genes — smoking severity - WM integrity, and a
horizontal pleiotropy pathway where genetic factors independently affect both smoking severity
and WM integrity. Ten variants associated with both smoking status and FA measures and 20
variants associated with CPD and FA were identified. Impact of SARDH variants on smoking
status was modulated by FA measures over multiple brain regions. This gene is involved in the
tolerance effect on nicotine by catalyzing the oxidative demethylation of sarcosine. Variants in
IREB2 exerted vertical pleiotropy effects on FA measures through CPD. These variants were
reported as risk factors for both neurodegeneration and smoking-induced diseases. The genetic
predisposition to smoking acts through vertical pleiotropy pathways to maintain nicotine addiction
through changes in cerebral WM.
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