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Fig. 1. Identification of U6 promoters for sgRNA expression in mosquito cells and 
evaluation of CRISPR knockout efficiency. (a) Multiple alignment of selected U6 promoters 
highlighting the metazoan pol III promoter bipartite structure and a mosquito consensus 
sequence. The first transcribed base of the U6 snRNA, the TATA box and proximal sequence 
element A (PSEA) are boxed in red. The consensus sequence derived from mosquito sequences 
was used to design a synthetic U6 promoter. (b) Flow cytometry-based assay for evaluation of 
CRISPR knockout (KO) efficiency with different U6 promoters. Engineered mosquito cells 
expressing mCherry were co-transfected with a plasmid expressing Cas9 and a GFP reporter 
plasmid expressing the sgRNA targeting mCherry under the control of different U6 promoters. 
After transfection, cells were passaged for up to 12 days and then analyzed by flow cytometry. 
Only GFP+ cells were considered in the analysis. Relative KO efficiency was obtained 
calculating the ratio of mCherry- cells over total GFP transfected cells. (c) Evaluation of U6 
promoter-specific CRISPR-KO efficiencies in three mosquito cell lines. Histogram bars 
represent the mean, dots represent the distribution of multiple replicates obtained from 3 
independent experiments. Histogram colors denote the species of origin of the U6 promoters 
analyzed, shown with abbreviation of species name and three last letters of the corresponding 
Vectorbase gene ID. sgControl= pLib6.4-Agam_695 U6 expressing the empty BbsI cassette was 
used as control. Statistical analysis was performed using Brown-Forsythe ANOVA test followed 
by Dunnett’s multiple comparison test. Lowercase letter groupings denote differences not 
significant (PDunnett > 0.05). All differences between samples of different groupings are 
significant (PDunnett < 0.05). 
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Fig. 2. CRISPR GuideXpress: online bioinformatic framework for CRISPR sgRNA design 
and analysis. (a) Features and sgRNA design workflow. Ortholog mapping, cell line-specific 
expression data and sgRNA design for six supported mosquito species are integrated at one 
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interface. Genes can be searched individually or in batch mode. Direct ortholog searching is 
available between An. gambiae and other mosquito species or Drosophila. 
After a gene name or ID is entered, the tool retrieves corresponding transcripts and displays 
precomputed sgRNAs and associated scores. The sgRNAs are computed as follows. The longest 
isoforms are identified from transcripts. Next, all possible PAMs and associated sgRNA designs 
on both strands are selected. Each design is then assigned a seed score based on uniqueness of 
the 12-15 nt 3’sequence (excluding the PAM). For each guide, a BLAST search is used to define 
specificity (off-target score). Each guide is mapped to the genome and categorized based on the 
gene region targeted and the respective isoform coverage. All sgRNA designs are evaluated to 
yield multiple efficiency parameters: ‘Housden’ score, machine learning (ML) score, and 
distance from ATG. Additionally, sgRNA designs for An. gambiae and An. coluzzii are assigned 
a ‘wild population efficiency’ score calculated from the Ag1000 Genome project dataset. To 
optimize for use in An. coluzzii Sua-5B cells, the tool indicates if the sgRNA sequences fully 
match the Sua-5B whole-genome sequence. (b, c, d) Analysis of genome-wide CRISPR KO 
sgRNA designs targeting protein-coding genes in supported mosquito species. (b) Histogram 
representing total number of sgRNA designs in two categories: (■) “no OTE” (off-target effect), 

with minimal off-target effects or (■) “with OTE” within the criteria (see Methods). (c) Genome-
wide sgRNA design coverage, showing the percentage of genes targetable by sgRNAs with 
minimal OTE (■), targetable only by sgRNAs with potential OTE (■), or untargetable (■). (d) 
Genome-wide sgRNA design coverage by gene (%) in wild populations sampled in the Ag1000 
Genome project. % of genes targeted and ranking based on # of sgRNAs/gene, as specified 
above. For this analysis were considered only sgRNA designs matching ≥ 95% of the wild 
genome sequences sampled. 
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Fig. 3. Pilot pooled CRISPR drug resistance screens in Anopheles cells. (a) Building CRISPR 
screen-ready cell lines. An Anopheles coluzzii Sua-5B RMCE acceptor cell line was stably 
transfected with Cas9 to create Sua5B-IE8-Act::Cas9-2A-Neo. Donor sgRNA vectors can now 
be used to create a screening pool. (b) Sua5B-IE8-Act::Cas9-2A-Neo cells were stably 
transfected with pLib6.4-Agam_695 donor vector encoding a Rho1 sgRNA, leading to a highly 
penetrant failure in cytokinesis and dramatically enlarged cell area (****P<0.0001, unpaired t 
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test, two-tailed, t=13.45, df=890, sgControl n=509, sgRho1 n=383). ■ = mCherry signal, scale 

bar, 50 μm. (c) Schematic of proliferation-related pathways used to validate the screening 
approach. Rapamycin binding to FKBP12 inhibits mTOR, which is necessary for proliferation. 
Ecdysone binding to EcR and Usp inhibits proliferation. Trametinib inhibits the mitogen-
activated protein kinase (MAPK) signaling cascade, which normally promotes proliferation. 
PTP-ER is a potent endogenous negative regulator of MAPK. (d) We used CRISPR 
GuideXpress to design a library of 3,487 sgRNAs against mosquito orthologs of FKBP12, EcR, 
usp, and PTP-ER. These were cloned into a library donor vector (pLib6.4-Agam-695) and 
integrated into Sua5B-IE8-Act::Cas9-2A-Neo cells. The cells were left untreated or treated with 
the indicated drugs. (e) Endpoint sgRNA readcounts compared to plasmid readcounts show that 
more than half of all FKBP12 sgRNAs were enriched following growth in rapamycin but not 
ecdysone or trametinib. (f) FKBP12 sgRNAs predicted to target the reference genome, AgamP4, 
but with mismatches as compared to the Sua5B-IE8-Act::Cas9-2A-Neo genome failed to enrich 
following rapamycin treatment. (g) Robust rank aggregation (RRA) analysis of sgRNA 
readcount data from all screens shows that FKBP12 was selectively enriched after rapamycin 
treatment, EcR and usp were selectively enriched after ecdysone treatment, and PTP-ER was 
selectively enriched in trametinib treatment (two biological replicates). 
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