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Progress in understanding the genetic basis of atherosclerosis has come both from genome-wide association studies (GWAS) in populations and from focused studies of patients with extreme phenotypes.  In GWAS, the genetic effects are typically small and large samples are required to detect a significant genetic signal.  In patients with extreme phenotypes, the genetic signal is larger and easier to detect.  For instance, studying genomic differences between individuals at the extremes of the Gaussian distribution of a quantitative trait – sometimes called the “missense accumulation” strategy - has defined genetic determinants of intermediate phenotypes such as plasma lipoproteins.  But study of monogenic diseases can reveal new aspects of genomic biology.  For instance, familial hypercholesterolemia (FH) typically results from mutations in LDLR encoding the low-density lipoprotein (LDL) receptor.  However, even after accounting for other genetic etiologies, such as APOB, PCSK9 and ARH, about one-third of FH patients had no mutation identified by exon-by-exon sequence analysis. Using a dedicated method to detect copy number variations (CNVs), additional LDLR mutations ranging from 500 to 15,000 bases were found in the remaining FH patients.  Other examples of diseases that have provided insights into lipid metabolism are sitosterolemia and the lipodystrophies.  Finally, systematic correlation of phenotype with genotype is a key goal of the emerging field of phenomics, which is also expected to help define complex diseases. Careful evaluation of phenotype-genotype associations in monogenic disorders might also provide new hypotheses to be tested with molecular and cellular studies and might also suggest potential new interventions.

