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The AaegORA49 protein sequence (AAEL001303-PA) was used as a query to identify homologs
in other mosquito species. Amino acid sequences of homologous odorant receptors were
obtained from the Vectorbase database (vectorbase.org) and the Tx. Amboinensis genome
assembly (Zhou et al., 2014). The multiple sequence alignment was conducted using ClustralW
(Chenna et al., 2003). The Maximum-likelihood phylogenetic tree was constructed using
MEGAX software (Model: G, bootstraps: 5000). Exon-intron structure analysis was conducted
manually by aligning predicted amino-acid sequences to genomic regions. Approximate mapping
of the genes in chromosome location for each mosquito species and construction of synteny
maps done using Geneious prime software (Kearse et al., 2012) using latest genome assemblies
available for each mosquito species (Matthews et al., 2018, Palatini et al., 2020, Boyle et al.,
2021, Arensburger et al., 2012, Sharakhova et al., 2007).

Genomic DNA (gDNA) was isolated from whole bodies of Tx. amboinensis adults. gDNA was
diluted to 25ng/uL in nuclease free water and used as a template in polymerase chain reactions to
amplify odorant receptors (TambOR) using Taq polymerase and the following primer sets:
TambOr6.F1 (ATGCGCTTCTACGAGAAATAC), TambOr6.R1
(TCAGAAATTATCCTTCAGGATC); TambOrl12.F1 (ATGCCATCGGTTTTCTTGGTT),
TambOr12.R1 (CTAAAACACTCGCTTCAATATC); TambOr13.F1
(ATGTTCTGCTTCAGGAAGATC), TambOr13.R1 (CTAGAAGTGGTTTTTCAATATAA);
TambOr49.F1 (ATGTTGTTCAAGAACTGTTTCC), TambOr49.R1
(TTAATAATTGAATCTTTCCTTCAG); TambOr71.F1 (ATGGGCAGCAGTGATGGTGAC),
TambOr71.R1 (CTACTGGTTGATTTTACTGAGG). Cycling conditions were 94°C for 60s; 30
cycles of 94°C for 20s, 56°C for 20s, 72°C for 30s; and a final extension of 72°C for 5 minutes.
Amplicons were analyzed by electrophoresis on a 1% agarose gel, cloned into the TOPO-TA
pCR2 plasmid, heat-shock transformed into TOP10 competent E. coli cells, and grown overnight
at 37°C on LB+ampicillin+X-gal agar plates. Ampicillin resistant, white colonies were isolated
using a sterile pipette tip and grown overnight 37°C in 3mL of LB+ampicillin. Plasmids were
isolated by DNA miniprep and the Sanger method was used to determine the DNA sequence in
both directions using standard T7 and M13.rev primers. TambOR nucleotide sequences were
compiled into contigs and intron/exon regions were inferred by comparing to coding sequences
described in a previous publication #°.

Chemical reagents

The chemicals used for the deorphanization of receptors were obtained from Acros Organics
(Morris, NJ, USA), Alfa Aesar (Ward Hill, MA, USA), ChemSpace (Monmouth Junction, NJ,
USA), Sigma Aldrich (St. Louis, MO, USA), TCI America (Portland, OR, USA), and Thermo
Fisher Scientific (Waltham, MA, USA) and Penta Manufacturing Corp. (Livingston, NJ, USA) at
the highest purity available. Cannabis EOs and sub-mixtures were formulated and supplied by
Eybna Technologies (Givat Hen, Israel) (Supplementary Data 1 and Supplementary Fig. 2,4).

Two-electrode voltage clamp of Xenopus laevis oocytes

In vitro transcription and two-microelectrode voltage clamp electrophysiological recordings were
carried out as previously described *°. Experimental procedures for the Ae. albopictus receptor
clone was performed as previously described 1. AalbOr49 and AalbOrco templates were
synthesized by Twist Biosciences (San Francisco, CA, USA) and cloned into the pENTR™
vector using the Gateway® directional cloning system (Invitrogen Corp., Carlsbad, CA, USA)
and subcloned into the X. laevis expression destination vector pSP64t-RFA. Several of these
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minipreps with Zyppy Plasmid Miniprep Kit (Zymo Research). The sequence of the plasmid
V1117F-0r49 (Supplementary Fig. 6b) was confirmed by restriction enzyme digestion using the
enzymes Scal-HF and Avrll as well as by whole plasmid sequencing (Primordium Labs,
Monrovia, CA). V1117F-0r49 plasmid was used to retransform JM109 cells, which were grown
for maxiprep purification using the PureLink Expi Endotoxin-Free Maxi Plasmid Purification Kit
(Thermo Fisher Scientifics, Waltham, MA).

For guide RNA synthesis, non-template reactions were carried out with the gRNA_Left Or49 F
and gRNA_Left_Or49 R forward primers and the universal guide RNA reverse primer
(Universal-sgRNA_R). PCR bands were isolated from agarose gel and purified as above
described (Supplementary Fig. 6¢). Guide RNAs were synthesized with the Ambion
MEGAscript kit (Thermo Fisher Scientifics) for 4 hours at 37°C, using 300 ng of purified PCR
product. Guide RNAs were further purified with the Megaclear Kit (Thermo Fisher Scientifics).
To assess the cleavage activity of the synthesized guide RNAs, in vitro Cas9 cleavage assays
were carried out. A DNA fragment spanning 1,009 bp overlapping the cleavage sites of the guide
RNAs was amplified with primers Or49_cleav_F and Or49 _cleav_R, DNA bands were isolated
from agarose gel, purified, and 100 ng of which was used in cleavage assays with 300 ng of
recombinant Cas9 (PNA BIO, Thousand Oaks, CA) and 100 ng of each guide RNA upon
incubation at 37°C for 1 hour.

For embryo microinjection, an injection mix was prepared with the plasmid V1117F-Or49 at 500
ng/ul, gRNAs left and right at 100 ng/ul each, and recombinant Cas9 at 300 ng/ul. Mix was
filtered with the Ultrafree-MC Centrifugal Filter UFC30GUQOS (Millipore, Burlington, MA).
Freshly harvested Ae. aegypti embryos (Liverpool strain) were injected with the transformation
mix using a custom-made insect embryo microinjector (Hive Technologies, Cary, NC) at 100 psi
pulse and 3 psi back pressures, using quartz needles pulled with a P-2000 needle puller (Sutter
Instrument Co., Novato, CA). Genomic DNA of the G1 fluorescent mosquitoes (Supplementary
Fig. 6d) were individually extracted with the Qiagen blood kit. For whole DNA cassette
sequencing (Primordium), 2.5kb DNA fragments were amplified from the DNA of G1
individuals using the primer pair Or49_diag_up_F and Or49_diag_down_R (Supplementary Fig.
6e).

For isolation of homozygous knockout individuals, pupae were sex sorted, and single pairs were
transferred into Narrow Drosophila Vials (Genesee Scientific, EI Cajon, CA), filled with 10 mL
of deionized water (DI) and closed with cotton stoppers. Upon emergence, water was drained,
and sugar cottons were placed into the vials. Mosquitoes were allowed to mate for 5 days in the
vials, and then all individuals were transferred to a single cage for blood feeding. Three days
after blood feeding, females were individually transferred to a fresh vial containing a piece of
brown paper towel wetted with 1 mL DI water. Females were allowed to lay eggs, and each egg
batch was individually hatched in 250 mL Clear Pet Cups (90z). Larvae were screened for
fluorescence, and the batches that resulted in 100% fluorescent individuals were grown to
adulthood and intercrossed to confirm homozygosity in the following generation. Two out of
thirty egg batches resulted in homozygous offspring. To further confirm the homozygous status
of these individuals, genomic DNA of three pools of 10 males, 10 females, and a mix of males
and females were PCR amplified with the primer pair Or49_diag_up_F and Or49_diag_down_R,
which resulted in a single band for homozygous individuals and two bands for heterozygous
individuals (Supplementary Fig. 6f). To solve the low initial performance of this mutant line in
behavioral assays, this line underwent 6 generations of backcross to the wild type line,
intercrossed for 3 generations, and a homozygous line was selected as described.
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Figure legends

Figure 1. Odorant receptor 49 is activated by bicyclic monoterpenoids.

a, Borneol and camphor oils from the camphor tree Cinnamomum camphora originated from the
island of Borneo and were traded with China and the rest of the Western world through the
maritime silk road during the classic age due to their medicinal and repellent properties. The
world map is adapted from an illustration available on Vecteezy.com (free license). Blue dots
indicate major global trading ports. b, The capitate peg sensillum (cp) on the 4" segment of the
mosquito maxillary palps houses three neurons, including the CO> sensitive neuron (cpA)
expressing three gustatory receptors, the 1-octen-3-ol-sensitive neuron (cpB) expressing Or8,
and in Culicine mosquitoes, the orphan neuron (cpC) expressing Or49. c, Phylogenetic
relationship and assigned ontology across six mosquito species. d, Bottom - The response profile
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