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A Protocol for the Highly Efficient Generation of
Stable Mosquito Knockout Lines Using
CRISPR/Cas9
In their recent paper in G3: Genes|Genomes|Genetics, Li et al.
(http://www.g3journal.org/content/8/2/653) describe a highly efficient protocol for the generation of
stable knockout lines using CRISPR/Cas9.

The ability of effectively targeting and disrupting gene function is essential for gene
functional analysis studies in mosquito vectors and has major applications in control of diseases such
as malaria.

The authors performed a systematic assessment of the mutagenic efficiency of the CRISPR/Cas9
system in three Anopheles vectors of malaria. To do so, they targeted the X-linked white gene which
upon destruction of both alleles (recessive) confers a white-eye phenotype.

To determine optimal amounts for injections, Li et al. (http://www.g3journal.org/content/8/2/653) co-
injected An. coluzzii embryos with increasing concentrations of sgRNA and Cas9 and found that
higher concentrations were positively correlated with mutagenesis efficiency but negatively affected
embryo survival.

Based on these findings, 120 ng/µl of sgRNA and 300 ng/µl of Cas9 protein were chosen to transform
An. albimanus and, for the first time reported, An. funestus embryos.

Injections were successful in all species with An. coluzzi and An. albimanus showing a comparable
survival rate that was higher than that of An. funestus, likely due to differences in egg morphology. 
CRISPR/Cas9 was found to be very efficient in cutting both alleles in diploid cells as high frequency
of G0 males and females with mosaic eyes was recorded in all species. Yet the rate of bialleleic
mutations was dependant on the sgRNA used, suggesting that accessibility of the target site and
choice of intramolecularly stable sgRNAs are of great importance.

To determine the efficiency of germline mutagenesis, inheritance of white eyes was
investigated in all species by crossing mosaic G0s with an established An. gambiae white- eye line
and/or by intercrossing mosaic G0 siblings. All species produced high rates of mutant progeny (45-
86%), confirming high frequency of mutagenesis in the germline.
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Finally, to confirm the presence of indels causing loss-of- function of the white gene, the T7
endonuclease I assay (T7EI) was found to be a rapid and convenient method for mutant screening.
Using T7EI, the presence of off-target mutagenesis in three alternative genomic loci was also
excluded validating the high specificity of the system.

Taken together, in this work Li et al. (http://www.g3journal.org/content/8/2/653) describe the high
efficiency and specificity of
CRISPR/Cas9-mediated mutagenesis in Anopheles mosquitoes and propose the following protocol
for the generation of stable mutant lines:

1) Co-inject sgRNA and Cas9 protein in embryos
2) Intercross mosaic G0s and set up single-laying females
3) Screen a few G1s from each isofemale line for indels
4) Intercross siblings from mutant isofemale line
5) Screen G2s to confirm stably-inherited mutation
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