
Making Mosquitoes Self-Destruct
UCR researchers are generating genetically engineered insects to help prevent the
spread of infectious diseases

By Sarah Nightingale On NOVEMBER 14, 2017

RIVERSIDE, Calif. (www.ucr.edu) — Researchers at the University of California, Riverside have developed transgenic
mosquitoes that stably express the Cas9 enzyme in their germline. The addition of Cas9 will enable the use of the CRISPR
gene editing tool to make efficient, targeted changes to the mosquitoes’ DNA.

As proof of concept, the researchers used the system to disrupt cuticle, wing, and eye development, producing completely
yellow, three-eyed and wingless mosquitoes. Their long-term goal is to use Cas9-expressing mosquitoes together with
another technology—called gene drives—to insert and spread genes that suppress the insects while avoiding the
resistance that evolution would typically favor. Aedes aegypti are major carriers of dengue, chikungunya, yellow fever, and
zika viruses, and are rapidly becoming resistant to commonly used pesticides.

Published today in the Proceedings of the National Academy of Sciences (PNAS), the study was led by Omar Akbari, an
assistant professor of entomology in UCR’s College of Natural and Agricultural Sciences and a member of the university’s
Institute for Integrative Genome Biology.

Previous efforts to use genome editing to prevent mosquitoes from spreading pathogens have been hampered by low
mutation rates, poor survival of edited mosquitoes, and inefficient transmission of disrupted genes to offspring. Akbari and
colleagues developed transgenic mosquitoes that stably express a bacterial Cas9 enzyme in the germline, enabling highly
efficient genome editing using the CRISPR system. CRISPR works like a pair of molecular scissors, cutting out and
replacing specific DNA sequences based on a ribonucleic acid (RNA) guide. In the paper, the
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CRISPR/Cas9-mediated disruption of genes
associated with cuticle pigment caused
mosquitoes to turn from black to yellow, and
disruption of genes associated with eye pigment
caused eye color to change from black to white.

team used the system to disrupt genes that control vision, flight and feeding, resulting in
mosquitoes with an extra eye, malformed wings, and defects in eye and cuticle color, among
other changes.

Akbari said these strains represent the first step toward using gene drive systems to control
mosquito populations and reduce the diseases they spread.

“These Cas9 strains can be used to develop split-gene drives which are a form of gene-drive by
which the Cas9 and the guide RNA’s are inserted at separate genomic loci and depend on each
other for spread. This is the safest way to develop and test gene drives in the laboratory to ensure
no spread into the wild,” Akbari said.

Gene drives greatly increase the odds that a
gene or set of genes will be passed on to
offspring—from 50 percent to 99 percent.
This number can potentially increase to 100
percent when a target gene is disrupted in
multiple sites, a technique called multiplexing
that has recently been mathematically
modeled by Akbari and colleagues at UC
Berkley.

Gene drives can be used to bias genetic
inheritance in favor of rapidly spreading, self-
destructive genes—such as those that
disrupt fertility—and could be an
environmentally friendly and cost-effective
way to suppress populations of disease-
spreading insects.

“Next steps should be undertaken to identify the regulatory sequences that can be used to express the guide RNAs from
the genome, and once these sequences are identified developing gene drives in the species should be turnkey,” Akbari
said.

The title of the paper is “Germline Cas9 Expression Yields Highly Efficient Genome Engineering in a Major Worldwide
Disease Vector, Aedes Aegypti.” In addition to Akbari, contributors include Ming Li, Michelle Bui, Ting Yang, Christian
Bowman, Bradley White, all at UC Riverside. Funding was from NIH and DARPA to support this work.
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The University of California, Riverside (www.ucr.edu) is a doctoral research university, a living laboratory for groundbreaking
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exploration of issues critical to Inland Southern California, the state and communities around the world. Reflecting California's diverse
culture, UCR's enrollment is now nearly 23,000 students. The campus opened a medical school in 2013 and has reached the heart of
the Coachella Valley by way of the UCR Palm Desert Center. The campus has an annual statewide economic impact of more than $1
billion.
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