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Figure S1. Requirements for responses to COU differ in different classes of sensilla. Related to Figure 2.
One-way ANOVA followed by Dunnett’'s multiple comparison test, n = 8-28, *p < 0.05, **p < 0.01, ***p < 0.001,
****p < 0.0001. We note that a study of three individual S sensilla found a phenotype for 1 mM coumarin in
Gr33a and Gr66a mutants, in agreement with our results, but also in a Gr93a mutant [S1].



404 ©F
-5 Graza'
a0l - Grsoa?
@
2 204
Q
w
10
o—e— 5
0 T T T
1 3 10
mM CAF
20 o +
-5 Graza'
154 - Graga?
o
£ 10
Q.
)
5 -
/Q
0 © = T
1 3 10
mM THE
8-
6 o +
0 -8 Graza’
£ 44
Q.
w
2 |
0 & P r
0.1 03 1
mM AR
S0 R
30 .
-8~ Gr32a
—A— Gra3a?
204 -9 cresal
2
3
X<
Q.
(7]
10
e————66—9°
0 T T T
0.1 03 1
mM MYR

Figure S2. Novel responses over a range of concentrations. Related to Figure 3. Purple graphs are

Spike/s

Spike/s

Spike/s

40
o+
0] B Graza’
204 /
10
. ———D
0 ?* h T
1 3 10
mM UMB
20
o+
-5 Gr3za’
15 ,
-9 Gr8ga
10
5 -
0 Q/Q/?
1 3 10
mM COU
15 1
o+
104 -5 craza’
A Gr8ga?
54
0 g. 2 :

0.1 0.3 1
mM ARI

Spike/s

from I-a; red graphs are from I-b; the blue graph is from S-b. n = 6-22.

40 A
o+
= Gr3za’
30 -
-9~ Grg9a?
20 -
10
0 ® = =2
1 3 10
mM TPH
25 -
o+
204 -8 Graza’
15
10
5 /
0 : = =
0.01 0.03 0.1
% SAP
15 7
o+
101 -2 Graza’
5 -
0 o e
. 1



cuc
6392 ®
uMmB ARI Gas,
cou .. o
- ‘ THE | [
s TPH MYR
= CAF
™ R4
2 . - Qul
DEET

(0] fo) [0}

/ H
YISO rrd Ol OOl OO oo
) h ¥ o)\ v o)\N N Ho” N N0 o Z oS0 I\CHa N i

THE umB cou crts DEET SPS

DEN LOB

GOs

cuc

Figure S3. The five compounds that depend on Gr39a.a all cluster together in a physicochemical
tastant space. Related to Figure 4. (A) A 32-dimensional tastant space visualized by a principle
component analysis. CAF, COU, THE, TPH, and UMB, depicted in red, cluster together. Four tastants
are not included because the physicochemical parameters needed to map them are not available.

(B) Structures of CAF, COU, THE, TPH, and UMB, containing exactly two fused rings, are depicted

in red. The other mapped tastants are depicted in black.
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Figure S4. Coexpression of Grs in sugar neurons. Related to Figure 5. Neither the combination of
Gr33a, Gr66a, and Gr39a.a. (A), nor the combination of Gr66a, Gr39a.a and Gr93a (B), nor the combination
of Gr33a, Gr39a.a, and Gr93a (C) are sufficient to confer response to the indicated bitter compounds in a
sugar-sensing neuron. Neither is Gr39a.a and Gr93a, nor Gr39a.a alone sufficient (D). n = 10-13.
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Figure S5. Anatomy and coding of bitter taste in labella of four Drosophila species. Related to Figure 6.

(A) Phylogenetic relationship and organization of labellar sensilla in four species. The D. melanogaster used here
was Canton-S, without the w mutation contained within the genetic background control used in other experiments.
(B) Heat map of physiological responses to bitter compounds in all labellar sensilla infour species. n=3-10.
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Figure S6. Regulation of the identity of I-a. Related to Figure 7. (A) Responses of S sensilla that ectopically
express Gr59c. The control responses ("+") are from Figure 2. One-way ANOVA followed by Dunnett’s multiple
comparison test. n=10. (B) Responses of I-a in Gr59c¢- to the full tastant panel. Data for the control are from
Figure 2. Mann-Whitney test, n=10-23. (C) Expression of Gr59c in |-b did not suppress response to these bitter
compounds in Gr32a or Gr89a mutants. The control panel "+" is from Figure 2. One-way ANOVA followed by
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Target Name Sequence (5’-3’)

Gr32agRNAF TATATAGGAAAGATATCCGGGTGAACTTCGGCCATGTCCCCGAACACTTGTTTTAGAGCTAGAAATAGCAAG
Gr32agRNAR ATTTTAACTTGCTATTTCTAGCTCTAAAACTCACAACATACTTGGTAATCGACGTTAAATTGAAAATAGGTC

Gr33a Gr33agRNAF TATATAGGAAAGATATCCGGGTGAACTTCGTTCACAGAGAAAAGTTATAGTTTTAGAGCTAGAAATAGCAAG
Gr33agRNAR ATTTTAACTTGCTATTTCTAGCTCTAAAACACATAGTGCTTCGACTATGCGACGTTAAATTGAAAATAGGTC

Gr39agRNAF TATATAGGAAAGATATCCGGGTGAACTTCGGCCGCTCTGTTGGGAGCACGTTTTAGAGCTAGAAATAGCAAG

Gr32a

ek Gr39agRNAR ATTTTAACTTGCTATTTCTAGCTCTAAAACCATTGTAGCCCTGGTGCTCCGACGTTAAATTGAAAATAGGTC
Gr59 Gr59cgRNAF TATATAGGAAAGATATCCGGGTGAACTTCGATCGTGTGCCAGTACTACTGTTTTAGAGCTAGAAATAGCAAG
o9 Gr59cgRNAR ATTTTAACTTGCTATTTCTAGCTCTAAAACGTAACCGGCATGAATTCTACGACGTTAAATTGAAAATAGGTC
Gr66 Gr66agRNAF TATATAGGAAAGATATCCGGGTGAACTTCGGCTTGTTCCTGACCTATATGTTTTAGAGCTAGAAATAGCAAG
2 | Gré6agRNAR ATTTTAACTTGCTATTTCTAGCTCTAAAACCGACCATGACACCGGCGGTCGACGTTAAATTGAAAATAGGTC
Gr89a Gr89agRNAF TATATAGGAAAGATATCCGGGTGAACTTCGTTTCGGACTTCCGAGCCAAGTTTTAGAGCTAGAAATAGCAAG
Gr89agRNAR ATTTTAACTTGCTATTTCTAGCTCTAAAACTGGCCTGAGAAAATATCAACGACGTTAAATTGAAAATAGGTC
Target Name Sequence (5’-3’)
G Gr32aH1F cgaaagactgggcctttcgcTGAAAATGTTTCCAATTATCCATTAAAACCTTTAATAGTTTAACTAATAAAAC
ri2a Gr32aH1R attagcccgg TGTTCGGGGACATGGCCAAC
Gr3za Gr32aH2F ccttctgcagCAACATACTTGGTAATCTTGATTC
Gr32aH2R attgacggaagagcctcgagAGAAAAGCATTTGAATTGATAATTTG
Gr33a Gr33aH1F cgaaagactgggcctttcgcTCCCTTTCCAACCCGCGC
Gr33aH1R attagcccggAACTTTTCTCTGTGAACTGCCACTAGTTTG
Gr39 Gr39aH1F cgaaagactgggcctttcgcAGTCGAGTTCCCCGACTTTTTC
rova Gr39aH1R attagcccggCTCCCAACAGAGCGGCCA
Grao Gr39aH2F ccttctgcagTGTAGCCCTGGTGCTCCTG
HELE) Gr39aH2R attgacggaagagcctcgagATGTTCACGGTTACATTACATTACAGATCTG
Gr59c Gr59cH1F cgaaagactgggcctttcgcGTCGAGTTTGGCAGCAAG
Gr59cH1R attagcccggACCGGCATGAATTCTACG
Gr59cH2F ccttctgcagAGTACTGGCACACGATCATG
Gr59c Gr59cH2R attgacggaagagectcgagGTTTCAGCCAGGTCTGGATC
Gre6a Gré6aH1F cgaaagactgggcctttcgcCAAAGGCACATAAACTTCAAAAGACACATTTAG
Gré6aH1R attagcccggCCATGACACCGGCGGTCT
Gré6a Gr66aH2F ccttctgcagTAGGTCAGGAACAAGCCAATC
Gr66aH2R attgacggaagagcctcgagTTGCAAAAGCTTCCAGTATAAAATTC
&89 Gr89aH1F cgaaagactgggcctttcgcCATAATCTGCAGTTTGGTGGC
reva Grg9aH1R attagcccggCCATGGCTTCGACTCCATTTC
Grao Gr89aH2F ccttctgcagGCTCGGAAGTCCGAAACG
IKERE) Gr89aH2R attgacggaagagcctcgagGCTGTGATGACCAGGGAAC
Target Name Sequence (5’-3’)
Gr32aF TTTCGAGGACATTCGCACCA
Erizra Gr32aR ACAGAACTTGCAGTACATCCCA
Gr33a Gr33aF CACTGAATCGCCAGCAATCG
Gr33aR TCATGGTGGTGAAGCTCCAAA
Gr39a Gr39aF CGGCCAACCTGCTACTTACA
Gr3%aR GACCAGAGATCAGATCGCCC
Gr59 Gr59cF TGGCCAGTTGCAGTTGGAAG
roJe Gr59cR TGCAGGTGATTGGGCTCTAC
Gr66 Gré6aF GTGGTGACGAAATCACGCAG
& Gr66aR CGCGTTACGAAACCAGGGTA
Gr89a Gr89aF TCAACGAAAATTAGTCCCCTTACA
Gr89aR CCAGCGATGGATGACCTTGA

Table S1. Oligonucleotides. Related to Figure 1. (A) Oligonucleotides used to generate gRNA vectors.
Black letters indicate vector sequence; red letters indicate genomic DNA sequence. (B) Oligonucleotides
used to generate donor vectors. Small letters indicate vector sequence; capital letters indicate insert
sequence. (C) Oligonucleotides used to confirm Gr deletions.



l-a + Gr32a 1 GrS‘Ba2 Gr39a 1 Gr6631 Gr89a2 Gr93a3
TCC 04+0.3 13+05 0.0+0.0 04+03 0.0£0.0 02+0.2 0.0+0.0
STR 02+0.2 02+02 12+0.5 02+0.2 02+0.2 12205 21.3+14
SOA 02+0.2 0.8+0.3 04+0.3 1.0+0.6 02+0.2 04+03 22.0+1.1
cuc 02+0.2 0.0+0.0 0.0+0.0 06+0.3 0.0£0.0 0.0+0.0 18.4+1.2
SAP 05+0.4 84+13 07+05 08+04 1.0+05 1.6+05 15.7+22
TPH 06+0.4 19.2+1.3 1.0+0.6 02+0.2 1.0+04 29.7+1.7 16.0+1.6
ROT 06+0.4 0604 1.0+0.5 0.0£0.0 0.0£0.0 1.0+05 14.0+1.7
CAF 06+0.4 24+16 1.0+0.5 1.8+0.6 02+0.2 15.1+13 02+0.2
THE 1.0+0.4 84+07 05+0.4 04+0.2 09+0.5 10.3+1.1 1.5+04
GOS 1.0+0.4 1.0+04 0.8+0.3 02+0.2 1.0+05 04+03 1.2+0.8
MYR 1.2+05 22+07 25+05 06+04 04+03 04+03 04+04

ARI 1.2+07 56+0.8 0.0+0.0 02+0.2 08+04 22+141 02+0.2
AZA 1.8+05 0.2+ 0.2 28+0.7 09+0.5 2207 1.0+05 0.3+0.3

DEET 22+08 36+1.0 33:08 34106 1.0+£04 33+08 0.0+00
Ccou 22+06 8.6+2.1 02+0.2 34+05 04+04 82+1.0 0.0+0.0
uvB 24110 250+ 1.4 1.1£0.6 24109 1.1+£0.6 68+0.9 00+00

QuI 121 +0.7 52+0.8 28+0.6 10.6 £0.6 34+04 120+1.2 0.3+0.3
SPS 13.8+1.2 58+1.3 02+0.2 16.6 £ 1.1 16+0.7 120+ 1.1 0.0+0.0
ESC 15.9+0.9 15+07 09+0.3 17.4+14 0.2+0.1 189+15 23+1.0
DEN 216+1.4 1.6+04 1.8+0.9 243+16 12+05 24918 0.0+0.0
BER 246+18 15+06 1.8+0.7 242+18 1.8+0.6 229+13 0.0+0.0
LOB 26.1+1.4 13+04 0.3+0.1 353+14 0.7+0.3 26.5+1.2 0.8+0.5

b + Grazal Gr33a? Graa’ Gré6al Grg9a? Gr93a®
TCC 0.0+0.0 0.0+0.0 0.0+0.0 0.0+0.0 0.0+0.0 0.0+ 0.0 0.0+0.0
STR 0.2+0.2 1.2+0.7 0.2+0.2 0.2+0.2 0.2+0.2 0.4+0.3 0.8+0.3

DEET 0.2+0.2 1.2+0.6 0.4+0.2 04+04 04+04 0404 0.2+0.2
ROT 04+04 0.0+0.0 0.0+0.0 0.0+0.0 1.0+£04 0.0+ 0.0 0.2+0.2
cuc 04+04 0.0+0.0 0.0+0.0 0.0+0.0 0.0+0.0 1.0+04 55+1.2
SOA 0.6+0.3 1.4+0.7 0.4+03 14+03 0.2+0.2 02+0.2 149+1.8
GOS 0.8+0.8 0.6+0.3 0.8+0.3 0.2+0.2 0.2+0.2 1.8+0.6 26+09

ARI 0.8+0.4 6.6+0.7 20+0.5 20+0.7 0.0+0.0 11.0+0.6 156.3+2.0

Qul 1.2+0.7 10.7+0.8 04+03 0.6+0.3 1.0+£0.3 27+09 29+0.6
DEN 1.2+04 25+05 02+0.2 1.0+£0.3 04+0.2 0.6+0.4 1.8+1.0
SPS 1.6+0.6 04+04 1.2+0.7 04+04 0.2+0.2 02+0.2 0.0+0.0
AZA 24+07 0.8+0.4 28+1.0 1.8+0.6 40+£1.0 16+05 0.0+0.0
MYR 27+08 1.6+0.7 1.0+0.6 20+05 12+08 1.0+£05 0.0+0.0
LOB 3.7+0.7 11.8+0.6 47+0.8 4.4+07 3.6+0.7 3.7+0.4 1.4+08
BER 51+0.8 9.4+0.7 4.4 +£17 47+08 26+0.5 6.4+09 0.0+0.0
ESC 16.2+1.2 1.4+06 0.0+0.0 16.6 £ 1.1 0.0+0.0 162+ 1.8 06+04
THE 171+1.0 17.5+0.9 0.3+0.3 0.2+0.2 0.6+0.3 16.0+ 0.9 0.0+0.0
SAP 18.7+13 16.3+2.0 6.2+0.8 1563+1.2 3.5+04 14.0+0.8 04+04
cou 26.7+25 209+25 0.2+0.2 42+0.7 0.2+0.2 244+18 1.6+03
TPH 33.3+1.7 306+1.3 1.0+£03 16+06 22+0.6 36.8+1.2 0.0+0.0
UMB 36.0+2.0 31.2+25 20+0.8 1.2+06 28+0.7 339+1.2 04+04
CAF 422+18 43.8+1.8 0.8+0.4 1.9+0.7 0.2+0.2 464 +20 04+04
S-a + Graza' Gra3a® Graga’ Gré6a’ Gréga® Gro3a®
TCC 14+04 1.2+0.9 0.0+0.0 0.8+04 0.0+0.0 14+05 0.8+0.8
MYR 28+1.0 4715 36+14 2106 29+05 1.3+0.5 347+25
ESC 40+0.8 6.2+0.7 4915 2509 55+1.0 26 £08 27.3+25
ROT 40+0.7 48+0.7 4005 43+0.6 48+0.8 56+0.7 33+04
GOs 44+07 2705 10.7+2.2 6.6+1.1 58+1.1 56+1.2 33.6+2.8

ARI 13.8+1.2 16.7+£1.2 15+1.9 146 +£1.1 16.0£1.7 16.0+ 1.1 30.7+3.6

DEET 145+0.6 05+04 0.0+0.0 17.0+£1.8 1.0+04 13.8+0.8 26.2+1.9
SAP 156.8+1.6 20.7+3.3 21114 221+14 17.5+£1.7 184+14 28.2+20
THE 16.6£1.0 20.2+1.0 17.5+£1.0 19.2+1.2 19.8+1.2 122+1.2 29.7+24

Qul 19.4+£0.7 95+1.6 58+0.8 228+13 19.2+£1.7 17.8+1.1 29.8+4.2
TPH 20.5+1.0 226+1.9 46+1.2 92+1.0 34+07 238+24 21.0+21
cuc 21.3+1.8 2109 1.9+0.7 302+14 4712 188+1.5 20017
SOA 224+1.0 1.1+04 83+14 26.0+0.9 4811 20.0+0.7 40+18
cou 234+12 20.2+1.6 6.8+15 22227 24+05 17.8+1.1 18.8+1.7
STR 23.7+1.0 04+0.3 0.3+0.2 41117 1.7+0.9 30.9+0.8 19.4+£2.1
UmMB 240+1.0 27.8+1.7 124 +£23 17.0+£1.5 32+08 19.1+£1.1 19.3+£2.0
DEN 243+09 0.6 +0.2 1.3+0.5 353+14 23+0.6 241+1.0 13.2+£1.0
SPS 26.7+1.1 4915 12.3+1.1 50.6 + 3.1 1564 +£1.1 269+1.0 13.3+£0.7
BER 269+1.1 1.1+04 05+0.3 339+1.9 6.2+1.0 26.0+17 6.0+1.7
CAF 284+19 36.9+1.6 05+0.3 2305 04+03 279+22 55+1.7
AZA 299+1.0 33+06 33625 37.0+1.9 15.0+1.5 25922 50+1.1
LOB 405+1.5 2508 0.1+0.1 38.0+15 221+13 344+11 1.1+0.6
Sb + Graza' Graza® Graga’ Gréa’ Grsga® Gro3a®
TCC 3.0+0.9 53+15 52+13 1.4+06 0.0+0.0 40+0.6 44+£16

MYR 14+04 254+16 21.8+16 3.0+x1.2 23111 22+07 78+18

GOS 58+1.1 52+09 148+13 54+12 57+0.8 85+14 0.7+0.5
ROT 58+0.6 6.0+0.7 6.2+0.8 53+0.7 55+0.5 4.7+0.6 37.2+33
ESC 135+ 1.0 16.8+1.7 179+13 142+13 15.0+1.0 135+1.1 45+0.8

DEET 14.9+1.1 0.8+0.3 1.8+0.7 231+14 0.7+0.3 15.0+1.2 36.5+29
Qul 1563+1.2 11.1+£0.7 13.7+0.9 283+18 42+06 14.0+13 34.7£3.7
ARI 16.4+0.9 21.2+14 20011 171+1.2 19.3+14 19.5+1.4 335+26

BER 21.0+1.2 8.3+0.7 76+1.0 36.8+23 3.3+0.6 20.8+1.2 29.7+3.8
DEN 215409 1.1+£03 0.8+0.8 40.0+1.8 0.3+0.2 288+1.1 248+0.6
STR 225+18 41+£11 26+13 383+16 0.6+0.3 296+1.7 291+£22
SOA 235+13 8.0+0.7 19.6 0.7 221+£1.0 1.5+05 22.7+12 247 +£22
SAP 236+1.8 286+1.0 285+15 27015 28711 229+13 26.0+22

cuc 256+24 3.1+0.7 72+x19 36.8+1.3 3.8+2.1 214+13 254 +32
THE 26.2+14 31.5+21 31.5+13 250+1.3 31.8+16 30.2+3.0 236+18

Cou 289+12 30.3+2.1 243+21 238+14 32+13 29.2+20 154+1.8
SPS 333+14 29711 245+13 57.5+3.1 174+16 342+16 13.7+0.8
AZA 336+1.1 6.6+ 1.8 376+1.7 414128 4417 320+22 16.7+1.6

UmMB 36.7£0.7 40.8+0.7 226+12 231+16 42+08 36.9+28 14.7+13
LOB 38.8+1.6 55+0.8 1.7+05 412+13 09+0.3 39.4+0.9 6.5+1.0
TPH 429+13 447 1.7 30.6+1.0 16.6+1.6 186+1.3 478+20 6.3+1.8
CAF 61.1+1.2 58.7+22 222+17 7.0+13 124 +1.2 594 +1.7 24+12

Table S2. Responses in spikes/s of bitter neuron classes to tastants. Related to Figure 2. All errors are
SEM. n>10 for 98% of the 587 genotype-tastant-sensillum class combinations; 7<n<10 for the remaining 2%.



1 L2 L3 L4 L5 L6 L7 L8 L9 10 M 12 13 14 I5 16 7 18 19 MO SO S1 S2 S3 S4 S5 S6 S7 S8 S9 S10
Tcc|{o o o o O O O O O O O O O O O O O O O O O O O 5 0 8 0 1 0 9 0
CAF[1 o o 1 0 0 2 2 0 3 0 2 0 3 0 0 8 32 44 38 27 24 37 47 3 50 31 33 0 55 36
uvB[0O 0o 0 O O O O O O 2 0 1 0 0 0 1 13 41 36 36 29 24 33 45 0 57 36 39 0 45 30
TPH|O 0 o 0 0O O O O O O O O 1 1 0 0 1 38 32 36 16 16 15 45 0 45 15 27 0 44 13
THE|O 0 o 0 O O O O O 2 1 1 0 0 0 3 6 10 M 1 10 9 1 34 0 35 17 19 0 27 13
coufo o o o o o 0 O O O 2 1 1 0 0 0 3 24 13 16 30 26 33 43 0 40 25 23 0 45 23
DEN|O 14 0 1 1 0 0 O O 15 17 23 23 15 19 25 14 0 O O 15 12 16 21 0 18 20 22 0 18 19
BER|[3 1 0 0 0 0O 0 O O 24 23 25 29 19 22 19 28 1 1 1 27 23 31 29 0 24 31 30 0 26 37
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Table S3. Responses in spikes/s of labellar sensilla of four species to bitter compounds. Related to
Figure 6. (A), Drosophila melanogaster; (B) D. simulans; (C) D. sechellia; (D) D. erecta. n=3-10. The
D. melanogaster used here was Canton-S, without the w mutation contained within the genetic background
control used in other experiments. Doses are provided in Materials and Methods. SEM, in spikes/s, for
(E), Drosophila melanogaster; (F) D. simulans; (G) D. sechellia; (H) D. erecta.
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