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            Abstract
Mutation hotspots are commonly observed in genomic sequences and certain human disease loci1,2,3,4,5,6,7, but general mechanisms for their formation remain elusive7,8,9,10,11. Here we investigate the distribution of single-nucleotide changes around insertions/deletions (indels) in six independent genome comparisons, including primates, rodents, fruitfly, rice and yeast. In each of these genomic comparisons, nucleotide divergence (D) is substantially elevated surrounding indels and decreases monotonically to near-background levels over several hundred bases. D is significantly correlated with both size and abundance of nearby indels. In comparisons of closely related species, derived nucleotide substitutions surrounding indels occur in significantly greater numbers in the lineage containing the indel than in the one containing the ancestral (non-indel) allele; the same holds within species for single-nucleotide mutations surrounding polymorphic indels. We propose that heterozygosity for an indel is mutagenic to surrounding sequences, and use yeast genome-wide polymorphism data to estimate the increase in mutation rate. The consistency of these patterns within and between species suggests that indel-associated substitution is a general mutational mechanism.
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                    Figure 1: Nucleotide divergence ( D ) as a function of ( a ) distance to nearest indel ( d1) and ( b ) reciprocal of indel density ( d2) [image: ]


Figure 2: Relationships between nucleotide divergence ( D ) and the distance to indels ( d1) as a function of indel interval length ( d2). [image: ]


Figure 3: 
                        Three-lineage comparisons.
                      [image: ]
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        Editorial Summary
Mutation hotspots: the role of insertions and deletions
Recent genomic efforts have demonstrated that large chunks of DNA differ between individuals in many species, and that the differences are focused on mutation hot-spots. Six pairwise comparisons of the distributions of single nucleotide substitutions around insertions and deletions ('indels') using ten genomes including yeast, rice, fly, rodent and primate show that the level of genetic variation is strongly and negatively correlated with the distance from indels in all the comparisons. Furthermore, the size and abundance of indels significantly influences the level of local nucleotide diversity. This work suggests that indels are a common mechanism to induce mutations, and may play an important role in genome evolution.
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