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            Abstract
More than a billion humans worldwide are predicted to be completely deficient in the fast skeletal muscle fiber protein Î±-actinin-3 owing to homozygosity for a premature stop codon polymorphism, R577X, in the ACTN3 gene. The R577X polymorphism is associated with elite athlete status and human muscle performance, suggesting that Î±-actinin-3 deficiency influences the function of fast muscle fibers. Here we show that loss of Î±-actinin-3 expression in a knockout mouse model results in a shift in muscle metabolism toward the more efficient aerobic pathway and an increase in intrinsic endurance performance. In addition, we demonstrate that the genomic region surrounding the 577X null allele shows low levels of genetic variation and recombination in individuals of European and East Asian descent, consistent with strong, recent positive selection. We propose that the 577X allele has been positively selected in some human populations owing to its effect on skeletal muscle metabolism.
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                    Figure 1: Generation and analysis of Actn3âˆ’/âˆ’ mice.[image: ]


Figure 2: Fast muscle fibers in Actn3âˆ’/âˆ’ mice show increased staining for markers of aerobic metabolism.[image: ]


Figure 3: Actn3âˆ’/âˆ’ muscle shows increased expression of mitochondrial markers, altered metabolic enzyme activity and increased endurance capacity.[image: ]


Figure 4: The 577X null allele is associated with low genetic diversity and high long-range LD in Europeans and Asians, suggestive of recent positive selection.[image: ]
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