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            Abstract
Genetic methods of manipulating or eradicating disease vector populations have long been discussed as an attractive alternative to existing control measures because of their potential advantages in terms of effectiveness and species specificity1,2,3. The development of genetically engineered malaria-resistant mosquitoes has shown, as a proof of principle, the possibility of targeting the mosquitoâ€™s ability to serve as a disease vector4,5,6,7. The translation of these achievements into control measures requires an effective technology to spread a genetic modification from laboratory mosquitoes to field populations8. We have suggested previously that homing endonuclease genes (HEGs), a class of simple selfish genetic elements, could be exploited for this purpose9. Here we demonstrate that a synthetic genetic element, consisting of mosquito regulatory regions10 and the homing endonuclease gene I-SceI11,12,13, can substantially increase its transmission to the progeny in transgenic mosquitoes of the human malaria vector Anopheles gambiae. We show that the I-SceI element is able to invade receptive mosquito cage populations rapidly, validating mathematical models for the transmission dynamics of HEGs. Molecular analyses confirm that expression of I-SceI in the male germline induces high rates of site-specific chromosomal cleavage and gene conversion, which results in the gain of the I-SceI gene, and underlies the observed genetic drive. These findings demonstrate a new mechanism by which genetic control measures can be implemented. Our results also show in principle how sequence-specific genetic drive elements like HEGs could be used to take the step from the genetic engineering of individuals to the genetic engineering of populations.
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                        Analysis of HEG activity in transgenic mosquitoes.
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Figure 2: 
                        HEG invasion in mosquito cage populations.
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Genetic approaches to manipulating or eradicating disease vectors have been proposed as alternatives to malaria eradication. The success of this approach depends on efficient spread of a genetic modification in field populations. Windbichler et al. show that a synthetic genetic element consisting of mosquito regulatory elements and the homing endonuclease gene I-SceI can spread from a small number of individual Anopheles gambiae mosquitoes into large receptive populations in just a few generations. This is the first demonstration of a synthetic gene drive system in the main human malaria vector â€” and a similar approach should be applicable to many other pest species.
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