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Material and Methods
Scanning Electron Microscopy

Anopheles coluzzii female mosquito labella were fixed in 4% paraformaldehyde in phosphate-
buffered saline (PBS) containing 0.1% Triton X-100, followed by dehydration using an ethanol
series and the labella were dried in a fume hood. The samples were glued onto aluminum pin
mounts with colloidal silver paint and sputter coated with thin film of gold-palladium. Samples were
viewed using a Hitachi S-4200 SEM and were analyzed using Quart PCI version 6.0 image

software (Quarts Imaging Corp. Vancouver, B.C.).

Chemical stimuli, preparation, and stimulation

We prepared blends based on the number of carbons except for amines which were grouped into
primary, secondary and tertiary amines. Each blend consists of 3 — 8 components (supplementary
table S1): three alcohol blends (Alcohol #1, 2,3); three amine blends (Amines #1,2,3); three
carboxylic acid blends (Acids #1,2,3); two ester blends (Esters #1,2); two ketone blends (Ketone
#1,2); two lactone blends (Lactone #1,2); as well as a single blend of aldehydes (Aldehyde #1);
sulfurs (Sulfur #1), terpenes (Terpene #1) and thiazoles (Thiazole #1). All odorants were diluted in
paraffin oil except for acids and amines which were dissolved in diethyl ether. Odor stimuli were
applied as 25pL aliquots on a 10 x 30mm piece of Whatman # 1 filter paper that was inserted into a
Pasteur pipette (14.5cm long, VWR International). Pipettes with paraffin oil and diethyl ether were
used as controls. Each odorant pipette was not used more than three times. The loaded pipettes
were kept open for 10-15 min in a fume hood to evaporate the solvent and then their wider ends

were covered with 1 mL pipette tips.

Dual-choice landing bioassay



Air-activated hand warmers (HotHands® warmers, Heat Max, Dalton, GA) were used as heat
sources (supplementary fig S1) and fitted into a 100 x 15mm petri dish base. These heat source
petri dish bases were placed in the center of a larger 150 x 20mm petri dish base covered with a lid
that had a 7 x 7cm window opening centered over the heat source situated underneath. Four pieces
of 1.5 x 1.5cm double-sided tape were secured over the cut edges of the lid to hold the solvent and
odorant treated filter discs in-between the heat source and sticky mesh. Another 100 x 15mm petri
dish lid that had 7 x 7cm opening window was used as a frame to hold a nylon mesh disc, 9cm in
diameter, coated with sticky gel (Tangle-Trap® sticky coating, ORTHO Group, Marysville, OH) and
placed directly over the larger petri dish holding the solvent and odorant treated filter disc (Figure
5A). The perforated sticky mesh allowed odorants to pass through and at the same time trap
attracted mosquitoes while not allowing mosquitoes to come in direct contact with the odor source
(Figure 5A). In this manner, we ensured the observed behavior was mediated by olfactory (non-
contact) chemosensory cues. The sticky mesh was used only once in each trial to avoid any
contamination between the trails.



Supplementary figure S1. Temperature of HotHand hand warmers used as a heat source in the

dual-choice landing assays was measured (n=5) overnight.
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Supplementary table S1. Transcript abundances in An. coluzzii labella, expressed as Fragments

per Kilobase per Million (FPKM).



Supplementary table S2. List volatile odorant compounds used in this study.

Common name IUPAC name CAS#

. 1-pentanol pentan-1-ol 71-41-0

E 3-hexanol hexan-3-ol 17015-11-1

8 1-heptanol heptan-1-ol 111-70-6

= 3-octanol octan-3-ol 5340-36-3

N 1-octanol octan-1-ol 111-87-5

E 1-octen-3-ol oct-1-en-3-ol 3391-86-4

§ 2-nonanol nonan-2-ol 628-99-9

= 1-undecanol undecan-1-ol 112-42-5
methyl-2-cyclohexenol 3-methyl-2-cyclohexen-1-ol 21378-21-2

% methylbutenol 2-methyl-3-buten-2-ol 115-18-4

S 1-hexen-3-ol hex-3-en-1-ol 4798-44-1

% 1-heptene-3-ol hept-1-en-3-ol 4938-52-7
2-hexenol trans-2-hexen-1-ol 928-95-0
decanal decanal 112-31-2
heptanal heptanal 111-71-7

é octanal octanal 124-13-0

% hexanal hexanal 66-25-1

?} phenylacetaldehyde 2-phenylacetaldehyde 122-78-1
benzaldehyde benzaldehyde 100-52-7
trans-2-hexenal (E)-hex-2-enal 6728-26-3

% butylamine Butan-1-amine 109-73-9

% pentylamine Pentan-1-amine 110-58-7

< heptylamine heptan-1-amine 111-68-2

% pyrrolidine Pyrrolidine 123-75-1

-% cadaverine Pentane-1,5-diamine 462-94-2

< pyrrole 1H-Pyrrole 109-97-7

% methylpyrazine 2-Methylpyrazine 109-08-0

E triethylamine N,N-Diethylethanamine 121-44-8

< ethylpyrazine 2-ethylpyrazine 13925-00-3




— isobutyl acetate 2-methylpropyl ethanoate 110-19-0
% isoamyl acetate 3-methylbutyl acetate 123-92-2
ﬁ phenylethyl acetate 2-phenylethyl acetate 103-45-7
methyl salicylate methyl 2-hydroxybenzoate 119-36-8
dodecyl acetate dodecyl acetate 112-66-3
% ethyl formate ethyl formate 109-94-4
pj ethyl propionate ethyl propanoate 105-37-3
i benzyl salicylate benzyl 2-hydroxybenzoate 118-58-1
benzyl benzoate benzyl benzoate 120-51-4
§ indole indole 120-72-9
= 3-methylindole/skatole 3-methyl-1H-indole 83-34-1




DEET N,N-Diethyl-3-methylbenzamide 134-62-3
Diethyl ether Ethoxyethane 60297
8012-95-1




Supplementary table S3. Odor response profile (spikes/s) of nine T2 olfactory sensilla across the

labella of female An. coluzzii to a panel of 20 odorant blends of 11 distinct chemical classes.

A -Cell B -Cell
Blends Zone-1 Zone-2 Zone-3 Zone-4 Zone-1 Zone-2 Zone-3 Zone-4

Spikesisec] SE [Spikesisec] SE [Spikesisec| SE [Spikes/sec] SE Spikesisec] SE |Spikes/sec] SE [Spikes/sec] SE [Spikesisec] SE
Alcohols#1 3.86 2.60 18.50 6.07 15.00 4.88 28.86 13.12 0.43 0.56 2.00 1.53 4.29 211 6.29 3.76
Alcohols#2 6.43 253 24.50 9.55 18.43 6.54 28.14 13.25 2.29 2.15 2.00 3.00 5.00 2.00 6.29 4.88
Alcohols#3 3.14 3.26 33.75 9.03 29.86 6.66 48.29 18.90 1.14 1.57 1.00 3.00 6.14 1.89 3.43 7.09
Aldehydes 43.86 19.14 66.00 9.18 49.00 12.19 64.86 21.07 5.71 4.12 1.00 1.15 4.14 2.53 4.29 5.29
Amines#1 4.00 3.96 1.50 274 -0.71 2.88 1.86 4.42 1.57 1.91 -1.25 2.26 -0.43 1.41 2.29 2.60
Amines#2 0.86 1.21 0.75 1.57 2.29 2.30 3.86 4.03 1.29 1.81 1.00 1.29 0.86 0.86 57 241
Amines#3 3.71 3.31 9.50 7.60 18.29 2.76 34.71 10.74 2.29 2.38 2.75 1.21 4.71 1.62 11.57 8.06

Esters#1
Esters#2

1.00
0.57

0.91
1.82

5.50
5.25

6.89
5.58

4.29
17.00

4.39
7.42

8.00
32.86

4.26
12,53

-0.86
-0.29

1.04
2.88

4.75
3.25

5.40
121

214
4.14

i Ag)
2.18

4.14
4.00

253
2.74

Indoles

Paraffin oil

Diethyl ether

-0.29
-0.86

0.89
0.53

0.50
-0.75

0.68
0.91

0.29
1.29

157
2.19

2.00
1.00

1.68
3.11

0.43

-0.14

0.80
0.56

125
0.00

0.00
0.89

-0.29
-0.57

1.35
121

0.86
1.86

155
2.46

Supplementary table S4. Odor response profile (spikes/s) of four T2 olfactory sensilla across the

labella of female An. coluzzii to a panel of 81 unitary odorants.



A-Cell B -Cell
Class Compounds Zone-1 Zone-2* Zone-3 Zone-4 Zone-1 Zone-2 Zone-3 Zone-4
Spikes/sec SE pikes/! Spikes!/! SE kes!: SE kes!: SE kes/s pikes!/: SE I SE
1-pentanol 5.0 05 20 10 1.0 9.5 25
3-hexanol 3.0 L5 36 -1.0’ 0.0 3.0 1.0
1-heptanol 2.0 25 3.0 25 05 25 0.5
3-Octanol 2.0 35 105 6.0 20 19.0 20
1-Octanol 9.0 15 7.5 35 0.5 5.0 1.0
2 1-Octen-3-0l| 9.0 35 16.0 45 05 2.0 1.0
'§ 2-Nonanol 3.0 0.5 15 05 0.5 195 45
< 1-undecanol| ~ -2.0 30 35 05 05 05 05
3-methyl-2-cyclohexen-1-ol 5.0 40 155 115 0.5 6.0 20
2-methyl-3-buten-2-ol 8.0 05 8.0 05 0.5 25 0.5
1-hexen-3-ol 3.0 15 i85 L5 85 8.5 45
cis-3-hexen-1-ol -1.0 2.0 35 1.0 1.0 35 15
trans-2-hexen-1-ol 2.0 0.0 4.0 245 05 0.5 0.5
Decanal 05 15 2.0 5.0 1.0 -0.5 0.5
a Heptanal 3.5 15 1.0 1.0 1.0 20 1.0
-§‘ Octanal 0.5 0.5 6.0 05 15 0.5 15
= Hexanal 5.0 3.0 2.0 15 0.5 6ib] 25
e Phenylacetaldehyde| 1.0 1.0 1.0 0.0 2.0 15 15
Benzaldehyde 435 85 52.0 240 20 39.0 9.0
trans-2-hexenal 5.0 3.0 -2.0 2.0 1.0 25) 15

Isobutyl acetate

Isoamyl acetate 25 0.5
Phenylethyl acetate 05 05 9.0 12.0 75 145 25
[ Methyl salicylate 15 0.5 20 3.0 1.0 10.0 1.0
& Dodecyl acetate| 0.5 05 -1.0 1.0 05 7.0 2.0
L Ethyl formate| 1.0 4.0 8.0 -1.0 35 20 10
ethyl propionate 15 05 4.0 -1.0 3.0 15 05
Benzyl salicylate 15 05 3.0 0.0 1.0 1.0 0.0
Benzyl benzoate 15 0.5 3.0 5.0 1.0 0.0 2.0
] Indole 35 15 13.0 53.0 6.0 31.0 7.0
= skatole 7.0 1.0 19.0 19.0 7.0 20.0 4.0
3-Pentanone 6.0 3.0 3.0 25 0.5 20 1.0
Cyclohexanone 125 15 2.0 3.0 1.0 3.0 1.0
3-octanone 105 15 4.0 0.5 0.5 25 0.5
Sulcatone 14.0 10 8.0 1.0 1.0 i3 05
§ 2'-hydroxyacetophenone 175 L5 12.0 0.0 0.0 185 15
% 2-nonanone 5] 15 20 35! 25 15 15
X L(-)-carvone 7.0 1.0 1.0 05 0.5 140 20
(+)-fenchone 10.0 3.0 0.0 15 0.5 1.0 1.0 d d 4 d .
2'4'-Dimethylacetophenone 575 4.5 20.0 8.5 45 15.0 9.0 10.0 1.0 3.0 0.5 0.5 1.5 25
acetophenone 40.0 8.0 19.0 16.0 4.0 17.0 4.0 20 1.0 0.0 1.0 1.0 3.0 1.0

2-undecanone

Butylamine 20 1.0 4.0 -1.0 1.0 20 1.0

Pentylamine 3.0 1.0 50 1.0 0.0 45 35

Heptylamine -0.5 15 20 0.5 0.5 7.0 1.0

3 Pyrrolidine 35 0.5 20 20 1.0 20 20
E Cadaverine 1.0 1.0 -1.0 0.0 1.0 1.0 1.0
< Pyrrole| 05 05 40 1.0 0.0 115 35
2-methylpyrazine 85 15 11.0 6.5 0.5 1.0 1.0

Triethylamine 0.5 15 20 0.5 0.5 45 15

Ethylpyrazine 0.5 0.5 4.0 12.0 4.0 18.5 8.5

4 DEET 115 35 20 -1.5 20 4.0 20
% diethyl ether 5 1.0 0.5 2.0 5 3.0 1.0
© paraffin oil 0.5 L5 1.0 0.5 0.9 1.0 0.5




Supplementary table S5. List of An. coluzzii labella (SSR) active 10-component odorant blend

Compounds Spikes/s
Benzaldehyde 52
trans-2-methyl-2-pentanoic acid 26
Hexanoic acid 40
Valeric acid 41
2-oxovaleric acid 57
Indole 31
Acetophenone 58
2,4-dimethylacetophenone 40
4 5-dimethylthiazole 29

Benzothiazole 43




