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BACKGROUND: Although there is clear evidence of genetic contributions to susceptibility to 
nicotine addiction, it has proved difficult to identify causal alleles and pathways from studies 
in humans. Mutagenesis in model species generates strong phenotypes not present in 
wildtype populations and can be used to identify biological mechanisms underlying 
quantifiable behaviours. We tested the hypothesis that a forward genetic screen for nicotine 
preference in zebrafish can predict loci and biological mechanisms influencing human 
smoking behaviour. 

METHODS: A population-based forward genetic screen of ethylnitrosurea- mutagenized 
zebrafish was used to identify lines of fish showing altered nicotine preference. 
Immunohistochemical, behavioral and quantitative PCR analyses were used to characterize 
mutant larvae. Focussed SNP analysis of the homologous human locus in cohorts from the 
UK and a Finnish Twin study assessed the predictive validity of the zebrafish data for human 
smoking behavior. 

RESULTS: We show nicotine preference is heritable in fish as in humans and identify loss-of-
function mutations in the zebrafish Slit3 gene as associated with increased nicotine 
preference. Slit3 mutant larval fish showed altered sensitivity of habituation to acoustic startle 
to dopaminergic antagonists and increased Drd2 and Drd3 mRNA expression. Dopaminergic 
neuronal pathfinding was unaffected. Analysis of the Slit3 locus in two independent human 
cohorts identified 2 genetic markers that predict level of cigarette consumption and likelihood 
of cessation. 

CONCLUSION: These findings suggest a role for SLIT3 signaling in development of 
dopaminergic pathways affecting behaviours associated with nicotine dependence and 
confirm the translational relevance of the zebrafish model in exploring complex human 
behaviors. 
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