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            Abstract
Obesity is a highly heritable and genetically heterogeneous disorder1. Here we investigated the contribution of copy number variation to obesity in 300 Caucasian patients with severe early-onset obesity, 143 of whom also had developmental delay. Large (>500 kilobases), rare (<1%) deletions were significantly enriched in patients compared to 7,366 controls (P < 0.001). We identified several rare copy number variants that were recurrent in patients but absent or at much lower prevalence in controls. We identified five patients with overlapping deletions on chromosome 16p11.2 that were found in 2 out of 7,366 controls (P < 5 × 10-5). In three patients the deletion co-segregated with severe obesity. Two patients harboured a larger de novo 16p11.2 deletion, extending through a 593-kilobase region previously associated with autism2,3,4 and mental retardation5; both of these patients had mild developmental delay in addition to severe obesity. In an independent sample of 1,062 patients with severe obesity alone, the smaller 16p11.2 deletion was found in an additional two patients. All 16p11.2 deletions encompass several genes but include SH2B1, which is known to be involved in leptin and insulin signalling6. Deletion carriers exhibited hyperphagia and severe insulin resistance disproportionate for the degree of obesity. We show that copy number variation contributes significantly to the genetic architecture of human obesity.
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                    Figure 1: 
                        Discovery of 16p11.2 CNV associated with severe early-onset obesity.
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Figure 2: 
                        Metabolic phenotype of carriers of the 16p11.2 deletion.
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        Editorial Summary
Genetic link to obesity
Obesity is a highly heritable disorder but the genetic associations reported to date account for only a small percentage of the inherited variation in body mass index. Two groups report deletions on chromosome16p11.2 that may explain part of the 'missing heritability' in terms of 'high-penetrance' mutations that are rare but when present are very often associated with severe obesity. This is in contrast to more common gene defects that are less closely associated with clinical symptoms. Bochukova et al. identified rare recurrent copy number variants in 300 patients with severe early-onset obesity, caused by deletions involving several genes including SH2B1, known to be involved in leptin and insulin signalling. Many of the patients also suffered neurodevelopmental disorders. Walters et al. identified deletions of at least 593 kilobases on chromosome 16p11.2 in 31 patients with a previously unrecognized type of extreme obesity. The strategy they used to identify the lesion — using small well-phenotyped cohorts of extreme phenotypes with targeted follow-up in genome-wide association studies and population cohorts — shows promise as a means of identifying 'missing heritability' in complex metabolic diseases more generally.
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