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Figure 1. Structure-based screening for seven transmembrane domain ion channel (7TMIC) homologs. (A) Top view of a cryo-electronic microscopic 
(cryo-EM) structure of the homotetramer of Or co-receptor (Orco) from A. bakeri (derived from PDB 6C70; Butterwick et al., 2018), in which one 
subunit has a spectrum coloration (N-terminus [blue] to C-terminus [red]). The ion channel pore is formed at the interface of the four subunits. A side 
view is shown below. The anchor domain, comprising the cytoplasmic projections of TM4-6 and TM7a, forms most of the inter-subunit interactions in 

Figure 1 continued on next page
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odorant receptors (Ors) (Butterwick et al., 2018; Del Mármol et al., 2021). (B) Top: output of transmembrane topology predictions of DeepTMHMM 
(Hallgren et al., 2022) for A. bakeri Orco. Bottom: schematic of the membrane topology of an Orco monomer, with the same spectrum coloration as 
in (A), reproduced from Figure 1a from Benton et al., 2020. Note that the seventh predicted helical region is divided into two in the cryo-EM structure: 
TM7a (located in the cytosol) and TM7b (located in the membrane). (C) Comparisons of side and top views of the cryo-EM structure of an A. bakeri 
Orco subunit (6C70-A) (left) and an AlphaFold2 protein structure prediction of A. bakeri Orco. Helical regions are numbered in the top views. Note 
the model contains the extracellular loop 2 (EL2) and intracellular loop 2 (IL2) regions that were not able to be accurately visualized in the cryo-EM 
structure (Butterwick et al., 2018). Quantitative comparisons of structures are provided in Table 1. (D) Summary of the results of the screen for Orco/
Or-like protein folds in the AlphaFold Protein Structure Database for the indicated species using Dali (Holm, 2022). The threshold of Dali Z-score >10 
was informed by inspection of the results of the screen (see Results). Raw outputs of the screen are provided in Source data 2. (E) Top: transmembrane 
topology predictions of the single screen hits from the Trypanosoma species Leishmania infantum and Trypanosoma brucei brucei. Bottom: AlphaFold2 
structural models of these proteins, displayed as in (C). The long N-terminal region contains tandem Membrane Occupation and Recognition Nexus 
(MORN) repeats and sequence of unknown structure (gray); these are masked in the top view of the models. (F) Visual comparison of the L. infantum 
GRL1 AlphaFold2 model (the N-terminal region is masked) with the A. bakeri Orco structure, aligned with Coot (Emsley et al., 2010). Quantitative 
comparisons of structures are provided in Table 1. (G) Consensus phylogeny of putative trypanosome homologs. The primary sequence database was 
assembled using L. infantum GRL1 (XP_001464500.1) and T. brucei brucei GRL1 (XP_845058.1) as query sequences (highlighted in bold). Branch support 
values refer to maximum likelihood UFboot/Bayesian posterior probabilities. Note that although the Trypanosoma cruzi homolog (XP_803355.1) was not 
identified in the original Dali screen, visual inspection of the corresponding AlphaFold2 model (A0A2V2WL40) revealed the same global fold.

Figure 1 continued
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Figure 2. PHTF proteins are candidate vertebrate seven transmembrane domain ion channels (7TMICs). (A) DeepTMHMM-predicted transmembrane 
topology of PHTF proteins. (B) Top: AlphaFold2 predicted structure of H. sapiens PHTF1; in the image on the right the long N-terminal region (NTR) 
and intracellular loop 1 (IL1) are highlighted in blue; these sequences contain a few predicted helical regions but are of largely unknown structure. 
Bottom: visual comparison of the H. sapiens PHTF1 AlphaFold2 structure (in which the NTR and IL1 are masked) with the A. bakeri Or co-receptor (Orco) 

Figure 2 continued on next page
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structure. (C) AlphaFold2 structures of PHTF proteins in which the NTR and IL1 are masked. Quantitative comparisons of these structures to the cryo-
electronic microscopic (cryo-EM) Orco structure are provided in Table 1. (D) Major taxa/species in which a PHTF homolog was identified (see sequence 
databases in Figure 2—source data 1). Silhouette images in this and other figures are from Phylopic (phylopic.org/). (E) Phylogenies of a representative 
set of PHTF sequences. The sequence database was constructed using the D. melanogaster and H. sapiens PHTF query sequences. Top left: maximum 
likelihood phylogeny (JTT + R10 model) and Bayesian phylogeny. The scale bars represent the average number of substitutions per site. Bottom left: 
phylogenies where weakly supported branches (<95/0.95) have been rearranged and polytomies resolved in a species tree-aware manner. Right: strict 
consensus of the species tree-aware phylogenies. There is a single eukaryotic PHTF clade and the PHTF1-2 split occurred in the jawed vertebrate 
lineage. However, this interpretation relies on the rearrangement of the weakly supported jawless vertebrate PHTF branch. Therefore, an alternative but 
weakly supported hypothesis is that the duplication occurred in a common vertebrate ancestor and a single PHTF copy was lost in jawless vertebrates. 
Select branch support values are present on key branches and refer to maximum likelihood UFboot/Bayesian posterior probabilities. Asterisks 
indicate that branch support was below the threshold for species-aware rearrangement. The fully annotated trees are available in Figure 2—figure 
supplements 1–3. (F) Summary of tissue-enriched RNA expression of H. sapiens PHTF1 and PHTF2 (data are from the GTex Portal; the fully annotated 
dataset is provided in Figure 2—figure supplement 4) and D. melanogaster Phtf (data from the Fly Atlas 2.0; the fully annotated dataset is provided 
in Figure 2—figure supplement 5). (G) Left: Uniform Manifold Approximation and Projection (UMAP) representation of RNA-seq datasets from 
individual cells of the D. melanogaster testis and seminal vesicle generated as part of the Fly Cell Atlas (10× relaxed dataset) (Li et al., 2022) colored 
for expression of Phtf. Simplified annotations of cell clusters displaying the highest levels of Phtf expression are adapted from Li et al., 2022; unlabeled 
clusters represent non-germline cell types of the testis.

Figure 2 continued
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Figure 2—figure supplement 1. Fully annotated phylogenetic trees for PHTF homologs. Sequences are from the protein sequence database 
generated using D. melanogaster Phtf and H. sapiens PHTF1/2, and are representatives of clusters of 90% sequence identity. For maximum likelihood, 
the tree was generated using a JTT + R10 substitution model. Branch support values for maximum likelihood (UFboot) and Bayesian analyses (posterior 
probability) are shown at the branches. The scale bars represent the average number of substitutions per site.
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Figure 2—figure supplement 2. Fully annotated species-aware trees for PHTF homologs. Trees are based on the maximum likelihood (left) and 
Bayesian (right) trees. Branches without support values were eligible for rearrangement.
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Figure 2—figure supplement 3. Strict consensus of the species-aware trees for PHTF homologs.
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Figure 2—figure supplement 4. Tissue-specific RNA expression of H. sapiens PHTF1 and PHTF2. Plot of RNA expression levels (transcripts per million 
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Figure 3. Insect Grls are highly divergent, candidate chemosensory receptors. (A) Proposed nomenclature of D. melanogaster Grls (the original gene 
name and cytological location are in parentheses), with corresponding DeepTMHMM-predicted transmembrane topologies and AlphaFold2 structural 
models. Note that TM7 is not predicted for Grl36b and Grl58a by DeepTMHMM, but is predicted – with the characteristic TM7a/7b split – in the 
structural model (as well as predicted by Phobius [data not shown]). Quantitative comparisons of these structures to the cryo-electronic microscopic 
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(cryo-EM) Or co-receptor (Orco) structure are provided in Table 1. (B) Sequence similarity network of Grls, Grs, and Ors (including Orco). The network 
was generated using an all-to-all comparison made by MMSeqs2 as implemented by gs2. The connections represent E-values where the weakest 
connections (arbitrarily defined as edge weights >1) are colored in lighter gray. Lack of connection between two nodes indicates that those two 
sequences could not be identified as having any significant sequence similarity under the most sensitive MMSeqs2 settings. Nodes and edges are 
arranged in a prefuse force-directed layout. The graph splitting tree is visualized in Figure 3—figure supplement 5; however, we do not place high 
confidence in the phylogenetic accuracy of the tree due to the likely effects of long branch attraction. The evolution of GrlHolozoa (GrlHz) is described 
in Figure 3—figure supplement 1, with detailed phylogenies in Figure 3—figure supplements 2–4. (C) Schematic of the gene arrangement of Grl36a 
and Gr36 homologs in drosophilids. Color coding reflects relatedness with respect to major speciation and gene duplication events; colors match the 
phylogenetic tree branches in Figure 3—figure supplement 6B–C. The Drosophila subgenus entirely lacks Gr36 homologs (see Figure 3—figure 
supplement 6). (D) Alignment of the C-terminal region of D. melanogaster Orco, Gr64a, select insect Gr36/Gr59 homologs, and D. melanogaster Grl36a 
and Grl43a, extracted from a larger alignment available in Figure 3—source data 5. The black bar shows the common location of a phase 0 intron, 
which is presumably homologous in different sequences. The canonical TM7 motif of the Gr family (represented as relative amino acid frequencies 
extracted from WebLogo) is shown above the sequence, and the variant motifs of different Gr or Grl ortholog groups are shown below. (E) Phylogenies 
of Gr36, Gr59c/d, Grl36a, Grl43a and homologous non-drosophilid sequences (color-coded as in (D)). The sequence database was assembled using 
D. melanogaster Gr36a, Grl36a, and Grl43a as the query sequences. Top left: maximum likelihood phylogeny (JTT + F + R7 model) and Bayesian 
phylogeny. The scale bars represent average number of substitutions per site. Bottom left: phylogenies where weakly supported branches (<95/0.95) 
have been rearranged and polytomies resolved in a species tree-aware manner. Right: strict consensus of the species tree-aware phylogenies. These 
analyses support that Gr36 and Grl36a/43a are sister clades, which likely split after Gr59c/d diverged from the ancestral lineage. Sequences are colored 
as in (D). Select branch support values are present on key branches and refer to maximum likelihood UFboot and Bayesian posterior probabilities, in this 
order. Asterisks indicate that branch support was below the threshold for species-aware rearrangement. A simplified schematic of gene duplication and 
loss is illustrated in Figure 3—figure supplement 6F. The fully annotated trees are available in Figure 3—figure supplements 7–9. (F) Histogram of 
Gr and Grl expression levels in adult proboscis and maxillary palps determined by bulk RNA-sequencing (RNA-seq). Mean values ± SD of fragments per 
kilobase of transcript per million mapped reads (FPKM) are plotted; n=3 biological replicates. Data is from Dweck et al., 2021. (G) Left: t-distributed 
stochastic neighbor embedding (tSNE) representation of RNA-seq datasets from individual cells of the D. melanogaster proboscis and maxillary palp 
– generated as part of the Fly Cell Atlas (10× stringent dataset) (Li et al., 2022) – colored for expression of the indicated genes. Gr64f and Gr66a are 
broad markers of ‘sweet/appetitive’ and ‘bitter/aversive’ gustatory sensory neurons, respectively. Transcripts for three Grls are detected in subsets of 
bitter/aversive neurons. Annotations of cell clusters are adapted from Li et al., 2022; unlabeled clusters represent other non-gustatory sensory neuron 
or non-neuronal cell types of this tissue.
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Figure 3—figure supplement 1. Evolution of GrlHolozoa (GrlHz), a family of Grl seven transmembrane domain ion channel (7TMIC) not restricted to 
flies. (A) Major taxa/species for which a GrlHz homolog was recovered. (B) Phylogenies of a representative set of GrlHz sequences (clustered by 70% 
sequence identity). The sequence database was assembled using D. melanogaster GrlHz as the query sequence. Top: maximum likelihood phylogeny 
and Bayesian phylogeny. The scale bars represent the average number of substitutions per site. Bottom: phylogenies where weakly supported branches 

Figure 3—figure supplement 1 continued on next page
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(<95/0.95) have been rearranged and polytomies resolved in a species tree-aware manner. Right: strict consensus of the species tree-aware phylogenies. 
The fully annotated trees are visualized in Figure 3—figure supplements 2–4. (C) Left: the single holozoan copy hypothesis of GrlHz evolution. Under 
this scenario, a single GrlHz is widely conserved across Holozoa, but has been independently duplicated/lost several times in various taxa. Right: the 
two-paralog hypothesis of GrlHz evolution. As both the maximum likelihood and Bayesian phylogenies provide evidence for two GrlHz clades, and 
because some species have two substantially divergent GrlHz sequences, it is possible that there was a gene duplication event early in the evolution 
of Holozoa. (D) Examples of GrlHz structures. Of 196 representative sequences, 31 sequences (mostly from Hymenoptera and Lepidoptera) bear N-
terminal WD40 repeats.

Figure 3—figure supplement 1 continued



 ﻿Research advance﻿﻿﻿﻿﻿ Evolutionary Biology | Genetics and Genomics

Benton and Himmel. eLife 2023;12:e85537. DOI: https://doi.org/10.7554/eLife.85537 � 15 of 26

M
ax

im
um

 li
ke

lih
oo

d

B
ay

es
ia

n

Drosophila ananassae XP 032305924.2
Drosophila bipectinata XP 017087387.2
Drosophila kikkawai XP 017038511.1
Drosophila miranda XP 017146569.2
Drosophila subobscura XP 034652590.1
Drosophila mojavensis XP 002006873.2
Drosophila innubila XP 034477993.1
Drosophila busckii XP 017839376.1
Drosophila willistoni XP 002062725.1
Scaptodrosophila lebanonensis XP 030375457.1
Lucilia sericata XP 037820627.11
Lucilia sericata XP 037820637.1
Lucilia sericata XP 037820646.1
Lucilia sericata XP 037820655.1
Musca domestica XP 011295853.1
Stomoxys calcitrans XP 013113255.1
Glossina fuscipes XP 037898676.1
Zeugodacus cucurbitae XP 011179507.1
Ceratitis capitata XP 004517650.1
Rhagoletis zephyria XP 017466575.1
Teleopsis dalmanni XP 037953943.1
Hermetia illucens XP 037917761.1
Bradysia coprophila XP 037042344.1
Contarinia nasturtii XP 031630458.1
Anopheles stephensi XP 035898570.1
Anopheles maculipalpis XP 050067239.1
Anopheles gambiae str. PEST XP 314507.4
Anopheles merus XP 041784107.1
Anopheles funestus XP 049294385.1
Anopheles albimanus XP 035786205.1
Anopheles darlingi XP 049538662.1
Aedes aegypti XP 021705968.1
Aedes albopictus XP 029719584.1
Culex quinquefasciatus XP 038110207.1
Ctenocephalides felis XP 026469894.1
Vanessa tameamea XP 026487555.1
Melitaea cinxia XP 045459319.1
Bicyclus anynana XP 023948526.1
Aricia agestis XP 041978163.1
Zerene cesonia XP 038214034.1
Pieris napi XP 047515670.1
Danaus plexippus plexippus XP 032510659.1
Papilio xuthus XP 013180970.1
Bombyx mori XP 037866491.1
Bombyx mandarina XP 028043208.1
Manduca sexta XP 037297624.1
Helicoverpa armigera XP 049708453.1
Trichoplusia ni XP 026738334.1
Ostrinia furnacalis XP 028178940.1
Plutella xylostella XP 048484281.1
Amyelois transitella XP 013193243.1
Galleria mellonella XP 026757091.1
Leguminivora glycinivorella XP 047987327.1
Hyposmocoma kahamanoa XP 026324663.1
Pectinophora gossypiella XP 049867839.1
Temnothorax curvispinosus XP 024893629.1
Vollenhovia emeryi XP 011860146.1
Pogonomyrmex barbatus XP 011645000.1
Acromyrmex echinatior XP 011069242.1
Acromyrmex echinatior XP 011069244.1
Cyphomyrmex costatus XP 018404472.1
Solenopsis invicta XP 025994470.1
Solenopsis invicta XP 039308645.1
Nylanderia fulva XP 029159185.1
Camponotus floridanus XP 019884172.1
Linepithema humile XP 012220691.1
Pseudomyrmex gracilis XP 020291315.1
Ooceraea biroi XP 026825825.1
Odontomachus brunneus XP 032674302.1
Dinoponera quadriceps XP 014479584.1
Bombus vosnesenskii XP 033360883.1
Frieseomelitta varia XP 043515142.1
Ceratina calcarata XP 026673666.1
Eufriesea mexicana XP 017756008.1
Apis dorsata XP 006607284.1
Habropoda laboriosa XP 017787420.1
Osmia lignaria XP 034184817.1
Megachile rotundata XP 012135819.1
Nomia melanderi XP 031829944.1
Megalopta genalis XP 033337655.1
Dufourea novaeangliae XP 015437512.1
Colletes gigas XP 043260274.1
Vespa crabro XP 046826044.1
Vespa crabro XP 046826053.1
Vespa mandarinia XP 035718937.1
Polistes canadensis XP 014599963.1
Cotesia glomerata XP 044595983.1
Microplitis demolitor XP 014297986.1
Aphidius gifuensis XP 044014924.1
Aphidius gifuensis XP 044014932.1
Diachasma alloeum XP 015109041.1
Venturia canescens XP 043274644.1
Trichogramma pretiosum XP 014232196.1
Copidosoma floridanum XP 014206076.1
Nasonia vitripennis XP 016838148.1
Ceratosolen solmsi marchali XP 011502951.1
Belonocnema kinseyi XP 033228994.1
Leptopilina heterotoma XP 043480134.1
Orussus abietinus XP 012284877.1
Cephus cinctus XP 015595026.1
Diprion similis XP 046736029.1
Athalia rosae XP 012256482.1
Frankliniella occidentalis XP 026288080.1
Thrips palmi XP 034237129.1
Leptinotarsa decemlineata XP 023019496.1
Diabrotica virgifera virgifera XP 028130497.1
Aethina tumida XP 049821826.1
Anoplophora glabripennis XP 018577167.1
Tribolium madens XP 044267264.1
Dendroctonus ponderosae XP 019767314.1
Harmonia axyridis XP 045472084.1
Coccinella septempunctata XP 044750271.1
Nicrophorus vespilloides XP 017769853.1
Onthophagus taurus XP 022901794.1
Agrilus planipennis XP 018336497.2
Photinus pyralis XP 031331838.1
Chrysoperla carnea XP 044739766.1
Zootermopsis nevadensis XP 021925747.1
Cryptotermes secundus XP 033606504.1
Pediculus humanus corporis XP 002423465.1
Daphnia pulicaria XP 046636006.1
Daphnia magna XP 032779289.2
Folsomia candida XP 035708530.1
Folsomia candida XP 021954338.2
Haliotis rufescens XP 046326722.2
Haliotis rubra XP 046577481.1 
Gigantopelta aegis XP 041358803.1
Lottia gigantea XP 009062887.1
Biomphalaria glabrata XP 013067519.1
Aplysia californica XP 012939037.1
Pomacea canaliculata XP 025078973.1
Pomacea canaliculata XP 025078975.1
Crassostrea gigas XP 011448530.2
Crassostrea virginica XP 022286592.1
Pecten maximus XP 033760317.1
Mizuhopecten yessoensis XP 021370515.1
Octopus bimaculoides XP 014777607.1
Octopus sinensis XP 036359178.1
Lingula anatina XP 013411859.1
Branchiostoma floridae XP 035693724.1
Patiria miniata XP 038050585.1
Acanthaster planci XP 022093404.1
Asterias rubens XP 033637999.1
Anneissia japonica XP 033117936.1
Stegodyphus dumicola XP 035208617.1
Parasteatoda tepidariorum XP 042910878.1
Centruroides sculpturatus XP 023209572.1
Dermacentor andersoni XP 050047306.1
Dermacentor silvarum XP 049525454.1
Rhipicephalus microplus XP 037284070.1
Pocillopora damicornis XP 027059634.1
Stylophora pistillata XP 022788616.1
Orbicella faveolata XP 020602998.1
Pocillopora damicornis XP 027059635.1
Stylophora pistillata XP 022788603.1
Acropora digitifera XP 015759569.1
Nematostella vectensis XP 032237954.1
Actinia tenebrosa XP 031565572.1
Dendronephthya gigantea XP 028401306.1
Xenia sp. Carnegie-2017 XP 046852973.1
Hydra vulgaris XP 047130200.1
Hydra vulgaris XP 047130201.1
Capsaspora owczarzaki ATCC 30864 XP 011270556.1
Sphaeroforma arctica JP610 XP 014148959.1
Amphimedon queenslandica XP 011406043.2
Amphimedon queenslandica XP 019854712.1
Amphimedon queenslandica XP 019858188.1
Amphimedon queenslandica XP 019856102.1
Patiria miniata XP 038050357.1
Acanthaster planci XP 022105051.1
Anneissia japonica XP 033097402.1
Lingula anatina XP 013411847.1
Trichoplax adhaerens XP 002111738.1
Priapulus caudatus XP 014670003.1
Dermacentor andersoni XP 050052729.1
Rhipicephalus sanguineus XP 037523870.1
Dermacentor silvarum XP 049522432.1
Rhipicephalus sanguineus XP 037507499.2
Ixodes scapularis XP 040063431.1
Galendromus occidentalis XP 003741559.1
Varroa jacobsoni XP 022699270.1
Limulus polyphemus XP 022252691.1
Limulus polyphemus XP 022252696.1
Limulus polyphemus XP 022252695.1
Limulus polyphemus XP 022252939.1
Centruroides sculpturatus XP 023213784.1
Dermatophagoides farinae XP 046916914.1
Dermatophagoides pteronyssinus XP 027200299.1
Tetranychus urticae XP 015787787.1
Homarus americanus XP 042203985.1
Procambarus clarkii XP 045600808.1
Portunus trituberculatus XP 045121747.1
Portunus trituberculatus XP 045121749.1
Penaeus chinensis XP 047488058.1
Penaeus japonicus XP 042877061.1
Trypanosoma conorhini XP 029227242.1
Trypanosoma rangeli XP 029234838.1
Trypanosoma cruzi strain CL Brener XP 803355.1
Trypanosoma grayi XP 009312037.1
Trypanosoma theileri XP 028884034.1
Trypanosoma brucei brucei TREU927 XP 845058.1
Trypanosoma brucei gambiense DAL972 XP 011773686.1
Leishmania donovani XP 003859699.1
Leishmania infantum JPCM5 XP 001464500.1
Leishmania major strain Friedlin XP 001682088.1
Leishmania mexicana MHOM GT 2001 U1103 XP 003873693.1
Leishmania braziliensis MHOM BR 75 M2904 XP 001563616.1
Leishmania panamensis XP 010697540.1
Leptomonas pyrrhocoris XP 015656207.1

100

100

100

88

100

97

96

100

100

87

85

38

100

100

100

100

100

100

95

97

90

100

100

100

100

100

94

100

94

100

100

100

70

100

100

100

100

100

100

100

100

97

99

100

100

99

100

97

98

100

100

100

86

100

100

100

100

100

100

100

100

100

100

94

100

100

57

98

100

82

100

100

91

100

50

98

100

100

100

100

100

100

99

100

56

99

100

100

68

64
100

100

100

98

96

100

97

44

100

100

100

100

80

100

100

100

98

99

100

94

100

55

100

96

100

100

100

76

57

100

83

100

78

100

99

98

97

90

100

98

100

100

98

70

100

100

99

100

100

100

100

85

100

100

54

96

100

100

99

98

98

100

100

92

89

100

40

100

100

100

100

100

80

87

75

100

100

53

71

100

100

81

86

90

100

92

99

100

85

100

100

83

27

100

97

70

100

88

98

100

100

100

100

85

100

85

89

100

100

100

73

100

82

100

100

97

10

Branchiostoma
Echinodermata
Lophotrochozoa
Ecdysozoa
Cnidaria
Trichoplax
Amphimedon
Sphaeroforma
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Figure 3—figure supplement 2. Fully annotated phylogenetic trees for GrlHolozoa (GrlHz) homologs. For maximum likelihood, the tree was generated 
using a JTT + F + R9 substitution model. Branch support values for maximum likelihood (UFboot) and Bayesian analyses (posterior probability) are 
shown at the branches. The scale bars represent the average number of substitutions per site.
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Figure 3—figure supplement 3. Fully annotated species-aware trees for GrlHolozoa (GrlHz) homologs. Trees are based on the maximum likelihood 
(left) and Bayesian (right) trees. Branches without support values were eligible for rearrangement.
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Figure 3—figure supplement 4. Strict consensus of the species-aware trees for GrlHolozoa (GrlHz) homologs.
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Figure 3—figure supplement 5. Fully annotated graph splitting tree for odorant receptors (Ors), gustatory receptors (Grs), and Grls. Key edge 
perturbation support values are visible on branches. The primary sequence databases were assembled using each of the D. melanogaster Grls as query 
sequences. D. melanogaster Or and Gr sequences were manually collected from FlyBase. Sequences from M. hrabei (jumping bristletail), Thermobia 
domestica (firebrat), Ladona filva (dragonfly), and Ephemera danica (green drake mayfly) were added, following the proposal that canonical Ors may 

Figure 3—figure supplement 5 continued on next page
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have diversified after the emergence of Neoptera (most winged insects) (Brand et al., 2018); 2498 additional sequences were collected using the N. 
vectensis GRL1 query sequence (XP_048580785.1); the PSI-BLAST searches were stopped at four iterations, as the search had substantially recovered 
insect Gr sequences, and further searches returned tens of thousands of sequences. The basal placement of the Grls is unusual given their conservation 
in flies, as this would suggest they diversified in a common animal ancestor and that the Grls were lost in all animal taxa except flies. This hypothesis 
seems unlikely given the extreme number of independent gene loss events this would require, and we therefore suspect that this tree topology 
represents a phylogenetic error, for example, long branch attraction (Bergsten, 2005). The inset shows major collapsed clades, where the tip node is 
sized proportionally to the number of sequences collapsed.

Figure 3—figure supplement 5 continued
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Figure 3—figure supplement 6. The evolution of Gr36, Gr59, Grl36a, and Grl43a. (A) Schematic of the gene arrangement of Grl36a and Gr36 
homologs in drosophilids, with colors matching trees in (B) and (C). This panel is reproduced from Figure 3C. (B) Species-aware Bayesian phylogeny 
of Grl36. (C) Species tree-aware Bayesian phylogeny of Gr36. (D) Phylogenies of Gr36, Gr59, Grl36a, Grl43a, and other homologous sequences. The 
sequence database was assembled using D. melanogaster Gr36a, Grl36a, and Grl43a as query sequences. Top: maximum likelihood phylogeny and 
Bayesian phylogeny. The scale bars represent the average number of substitutions per site. Bottom: phylogenies where weakly supported branches 
(<95/0.95) have been rearranged and polytomies resolved in a species tree-aware manner. (E) Strict consensus of the species tree-aware phylogenies. 
These analyses support that Gr36 and Grl36a/43a are sister clades, which likely split after the Gr59 split. (F) Proposed model of Gr36, Gr59, Grl36a, and 
Grl43a evolution.
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Drosophila takahashii XP 044249639.1 putative gustatory receptor 36a
Drosophila biarmipes XP 016963385.1 putative gustatory receptor 36a

Drosophila suzukii XP 016935022.1 putative gustatory receptor 36a
Drosophila subpulchrella XP 037711817.1 putative gustatory receptor 36a
Drosophila takahashii XP 017004949.2 putative gustatory receptor 36a
Drosophila biarmipes XP 016963440.1 putative gustatory receptor 36a

Drosophila takahashii XP 016993858.2 putative gustatory receptor 36a
Drosophila eugracilis XP 017086602.2 putative gustatory receptor 36a

Drosophila mauritiana XP 033174233.1 LOW QUALITY PROTEIN putative gustatory receptor 36a partial
Drosophila sechellia XP 032583400.1 putative gustatory receptor 36a
Drosophila simulans XP 002079710.2 putative gustatory receptor 36a
Drosophila melanogaster NP 724038.2 gustatory receptor 36a

Drosophila kikkawai XP 017025555.1 putative gustatory receptor 36a
Drosophila serrata XP 020809237.1 putative gustatory receptor 36a

Drosophila serrata XP 020809183.1 putative gustatory receptor 36a
Drosophila kikkawai XP 017025363.1 putative gustatory receptor 36c

Drosophila santomea XP 039482354.1 putative gustatory receptor 36c
Drosophila yakuba XP 002090481.3 putative gustatory receptor 36c
Drosophila teissieri XP 043644886.1 putative gustatory receptor 36c

Drosophila erecta XP 001974462.2 putative gustatory receptor 36c
Drosophila simulans XP 002079712.2 putative gustatory receptor 36c
Drosophila sechellia XP 002038896.1 putative gustatory receptor 36c
Drosophila mauritiana XP 033173959.1 putative gustatory receptor 36c
Drosophila melanogaster NP 724040.1 gustatory receptor 36c

Drosophila eugracilis XP 017086566.1 putative gustatory receptor 36c
Drosophila suzukii XP 036678610.1 putative gustatory receptor 36c isoform X2
Drosophila suzukii XP 016934089.1 putative gustatory receptor 36c isoform X1
Drosophila subpulchrella XP 037708466.1 putative gustatory receptor 36c

Drosophila biarmipes XP 016963032.1 putative gustatory receptor 36c
Drosophila takahashii XP 017004940.2 putative gustatory receptor 36c
Drosophila elegans XP 017134054.1 putative gustatory receptor 36c
Drosophila rhopaloa XP 016982916.2 putative gustatory receptor 36c
Drosophila elegans XP 017134052.2 putative gustatory receptor 36c
Drosophila serrata XP 020803056.1 putative gustatory receptor 36c
Drosophila serrata XP 020809180.1 putative gustatory receptor 36c

Drosophila kikkawai XP 017025364.1 putative gustatory receptor 36c
Drosophila santomea XP 039483794.1 putative gustatory receptor 36b
Drosophila yakuba XP 002090482.1 putative gustatory receptor 36b
Drosophila teissieri XP 043644883.1 putative gustatory receptor 36b
Drosophila erecta XP 001974463.3 LOW QUALITY PROTEIN putative gustatory receptor 36b
Drosophila simulans XP 002079711.1 putative gustatory receptor 36b
Drosophila sechellia XP 032569810.1 putative gustatory receptor 36b
Drosophila mauritiana XP 033173344.1 putative gustatory receptor 36b
Drosophila melanogaster NP 724039.1 gustatory receptor 36b

Drosophila suzukii XP 016933589.1 putative gustatory receptor 36b
Drosophila subpulchrella XP 037711828.1 putative gustatory receptor 36b
Drosophila biarmipes XP 016963445.1 putative gustatory receptor 36b

Drosophila takahashii XP 017004948.2 putative gustatory receptor 36b
Drosophila eugracilis XP 017086601.1 putative gustatory receptor 36b

Drosophila ficusphila XP 017052230.2 putative gustatory receptor 36b
Drosophila ficusphila XP 017052255.2 putative gustatory receptor 36c
Drosophila biarmipes XP 043950210.2 putative gustatory receptor 36b

Drosophila biarmipes XP 050740938.1 putative gustatory receptor 36b
Drosophila ficusphila XP 043065387.1 putative gustatory receptor 36a

Drosophila rhopaloa XP 016982915.2 putative gustatory receptor 36b
Drosophila biarmipes XP 043950313.1 putative gustatory receptor 36b
Drosophila eugracilis XP 017086567.2 putative gustatory receptor 36a

Drosophila bipectinata XP 043069860.1 putative gustatory receptor 36a
Drosophila ananassae XP 001961722.1 putative gustatory receptor 36a

Drosophila ananassae XP 032307444.2 putative gustatory receptor 36a
Drosophila bipectinata XP 043069727.1 putative gustatory receptor 36a

Drosophila bipectinata XP 043069729.1 putative gustatory receptor 36a
Drosophila ananassae XP 032307443.1 putative gustatory receptor 36a
Drosophila bipectinata XP 043069728.1 putative gustatory receptor 36a
Drosophila ananassae XP 044572165.1 putative gustatory receptor 36c

Drosophila bipectinata XP 017107024.2 putative gustatory receptor 36b
Drosophila ananassae XP 001961724.3 putative gustatory receptor 36b

Drosophila subobscura XP 034668350.1 putative gustatory receptor 36c
Drosophila subobscura XP 034667746.1 putative gustatory receptor 36a

Drosophila guanche XP 034129583.1 putative gustatory receptor 36c
Drosophila obscura XP 022228042.2 putative gustatory receptor 36a

Drosophila persimilis XP 002028510.1 putative gustatory receptor 36a
Drosophila pseudoobscura XP 001355878.2 putative gustatory receptor 36a
Drosophila miranda XP 017150891.2 putative gustatory receptor 36a

Drosophila simulans XP 002079713.3 uncharacterized protein CG31750
Drosophila sechellia XP 002038898.2 LOW QUALITY PROTEIN uncharacterized protein CG31750

Drosophila mauritiana XP 033151184.1 uncharacterized protein CG31750
Drosophila melanogaster NP 724041.1 uncharacterized protein Dmel CG31750
Drosophila yakuba XP 043062897.1 LOW QUALITY PROTEIN uncharacterized protein CG31750
Drosophila teissieri XP 043644915.1 uncharacterized protein CG31750

Drosophila erecta XP 001974461.1 uncharacterized protein CG31750
Drosophila takahashii XP 017004943.1 uncharacterized protein CG31750
Drosophila takahashii XP 017004944.2 uncharacterized protein CG31750-like

Drosophila subpulchrella XP 037708465.1 uncharacterized protein CG31750
Drosophila suzukii XP 016933963.1 uncharacterized protein CG31750
Drosophila biarmipes XP 016963336.1 uncharacterized protein CG31750 isoform X1
Drosophila takahashii XP 044249559.1 uncharacterized protein CG31750-like

Drosophila yakuba XP 002090483.2 uncharacterized protein CG31750
Drosophila teissieri XP 043644917.1 uncharacterized protein CG31750-like
Drosophila erecta XP 001974464.2 uncharacterized protein CG31750

Drosophila kikkawai XP 017025365.1 uncharacterized protein CG31750-like
Drosophila kikkawai XP 017025366.1 uncharacterized protein CG31750-like

Drosophila kikkawai XP 017025368.1 uncharacterized protein CG31750-like
Drosophila bipectinata XP 043069726.1 uncharacterized protein CG31750

Drosophila guanche XP 034128550.1 uncharacterized protein CG31750
Drosophila subobscura XP 034667748.1 uncharacterized protein CG31750
Drosophila obscura XP 022228023.2 uncharacterized protein CG31750
Drosophila pseudoobscura XP 001355880.3 uncharacterized protein CG31750
Drosophila persimilis XP 002028509.1 uncharacterized protein CG31750
Drosophila miranda XP 017150890.2 uncharacterized protein CG31750
Drosophila grimshawi XP 032592453.1 uncharacterized protein CG31750-like
Drosophila grimshawi XP 043070523.1 uncharacterized protein CG31750 isoform X2
Drosophila virilis XP 032294383.1 uncharacterized protein CG31750

Drosophila hydei XP 023170503.2 uncharacterized protein CG31750-like
Drosophila mojavensis XP 032584457.1 uncharacterized protein CG31750
Drosophila arizonae XP 017856849.1 PREDICTED uncharacterized protein CG31750

Drosophila hydei XP 030080387.1 uncharacterized protein CG31750-like
Drosophila bipectinata XP 017099407.2 uncharacterized protein CG1339
Drosophila ananassae XP 032309223.1 uncharacterized protein CG1339
Drosophila kikkawai XP 017026101.1 uncharacterized protein CG1339-like

Drosophila santomea XP 039502721.1 uncharacterized protein CG1339
Drosophila yakuba XP 002089503.1 uncharacterized protein CG1339
Drosophila teissieri XP 043641565.1 uncharacterized protein CG1339
Drosophila erecta XP 001970596.1 uncharacterized protein CG1339
Drosophila simulans XP 002076208.2 uncharacterized protein CG1339
Drosophila mauritiana XP 033156223.1 uncharacterized protein CG1339
Drosophila sechellia XP 002032779.2 uncharacterized protein CG1339
Drosophila melanogaster NP 610307.2 uncharacterized protein Dmel CG1339

Drosophila suzukii XP 016940643.1 uncharacterized protein CG1339
Drosophila subpulchrella XP 037714147.1 uncharacterized protein CG1339
Drosophila biarmipes XP 016957855.1 uncharacterized protein CG1339
Drosophila takahashii XP 017014839.2 uncharacterized protein CG1339
Drosophila eugracilis XP 017077871.1 uncharacterized protein CG1339
Drosophila ficusphila XP 017061321.1 uncharacterized protein CG1339

Drosophila rhopaloa XP 016989699.1 uncharacterized protein CG1339
Drosophila kikkawai XP 017033646.1 uncharacterized protein CG1339
Drosophila pseudoobscura XP 002133357.2 uncharacterized protein CG1339
Drosophila persimilis XP 002019266.1 uncharacterized protein CG1339
Drosophila miranda XP 017152205.1 uncharacterized protein CG1339
Drosophila subobscura XP 034669559.1 uncharacterized protein CG1339
Drosophila guanche XP 034135028.1 uncharacterized protein CG1339
Drosophila obscura XP 022234912.2 uncharacterized protein CG1339

Drosophila willistoni XP 023031421.1 uncharacterized protein CG1339
Drosophila mojavensis XP 032585139.1 uncharacterized protein CG1339
Drosophila navojoa XP 030243013.1 uncharacterized protein CG1339

Drosophila hydei XP 023175050.2 uncharacterized protein CG1339-like
Drosophila virilis XP 002051340.2 uncharacterized protein CG1339
Drosophila innubila XP 034474217.1 uncharacterized protein CG1339

Drosophila albomicans XP 034098821.1 uncharacterized protein CG1339-like
Drosophila albomicans XP 034098824.1 uncharacterized protein CG1339-like

Drosophila busckii XP 017851843.1 uncharacterized protein CG1339
Drosophila mauritiana XP 033153785.1 putative gustatory receptor 59d
Drosophila simulans XP 002076393.1 putative gustatory receptor 59d
Drosophila sechellia XP 002040031.1 putative gustatory receptor 59d
Drosophila melanogaster NP 611758.2 gustatory receptor 59d
Drosophila yakuba XP 002092563.1 putative gustatory receptor 59d
Drosophila santomea XP 039480870.1 putative gustatory receptor 59d
Drosophila teissieri XP 043645021.1 putative gustatory receptor 59d
Drosophila erecta XP 001976352.1 putative gustatory receptor 59d

Drosophila suzukii XP 016941724.2 putative gustatory receptor 59d
Drosophila subpulchrella XP 037717579.1 putative gustatory receptor 59d
Drosophila biarmipes XP 016946806.1 putative gustatory receptor 59d
Drosophila takahashii XP 044249251.1 putative gustatory receptor 59d
Drosophila takahashii XP 017005882.2 putative gustatory receptor 59d

Drosophila elegans XP 017119321.2 putative gustatory receptor 59d
Drosophila elegans XP 041563808.1 putative gustatory receptor 59d

Drosophila eugracilis XP 017077381.2 putative gustatory receptor 59d
Drosophila ficusphila XP 017053803.1 putative gustatory receptor 59d
Drosophila ficusphila XP 017053787.1 putative gustatory receptor 59d

Drosophila biarmipes XP 043948148.2 putative gustatory receptor 59d
Drosophila biarmipes XP 043948220.1 putative gustatory receptor 59d

Drosophila subpulchrella XP 037710383.1 putative gustatory receptor 59d
Drosophila subpulchrella XP 037714088.1 putative gustatory receptor 59d

Drosophila biarmipes XP 050743335.1 putative gustatory receptor 59d
Drosophila biarmipes XP 016946470.1 putative gustatory receptor 59d
Drosophila biarmipes XP 043948036.1 putative gustatory receptor 59d
Drosophila suzukii XP 016927538.1 putative gustatory receptor 59d

Drosophila suzukii XP 016930765.2 putative gustatory receptor 59d
Drosophila mauritiana XP 033153787.1 putative gustatory receptor 59d isoform X2
Drosophila mauritiana XP 033153788.1 putative gustatory receptor 59d isoform X3
Drosophila mauritiana XP 033153786.1 putative gustatory receptor 59d isoform X1

Drosophila biarmipes XP 043948029.1 putative gustatory receptor 59d isoform X1
Drosophila biarmipes XP 043948030.1 putative gustatory receptor 59d isoform X2

Drosophila rhopaloa XP 016972008.1 putative gustatory receptor 59d
Drosophila rhopaloa XP 016972009.2 putative gustatory receptor 59d

Drosophila elegans XP 017111557.1 putative gustatory receptor 59d
Drosophila kikkawai XP 017018860.2 putative gustatory receptor 59d

Drosophila serrata XP 020810052.1 putative gustatory receptor 59d
Drosophila bipectinata XP 017096417.2 putative gustatory receptor 59d
Drosophila ananassae XP 032306051.1 putative gustatory receptor 59d

Drosophila suzukii XP 036668919.1 putative gustatory receptor 59d
Drosophila subpulchrella XP 037716700.1 putative gustatory receptor 59d
Drosophila biarmipes XP 043948469.1 putative gustatory receptor 59d

Drosophila takahashii XP 044249058.1 putative gustatory receptor 59d
Drosophila takahashii XP 017005864.2 putative gustatory receptor 59d

Drosophila eugracilis XP 017077382.2 putative gustatory receptor 59d
Drosophila rhopaloa XP 016972003.2 putative gustatory receptor 59d

Drosophila kikkawai XP 017018781.2 putative gustatory receptor 59d
Drosophila serrata XP 020810046.1 putative gustatory receptor 59d

Drosophila bipectinata XP 017096419.2 putative gustatory receptor 59d
Drosophila ananassae XP 044571256.1 putative gustatory receptor 59d
Drosophila bipectinata XP 043066184.1 putative gustatory receptor 59d

Drosophila ananassae XP 032306054.1 putative gustatory receptor 59d
Drosophila guanche XP 034142284.1 putative gustatory receptor 59d
Drosophila subobscura XP 034653144.1 putative gustatory receptor 59d

Drosophila obscura XP 022222391.2 putative gustatory receptor 59d
Drosophila pseudoobscura XP 001360400.3 putative gustatory receptor 59d
Drosophila persimilis XP 002015883.1 putative gustatory receptor 59d
Drosophila miranda XP 017145601.1 putative gustatory receptor 59d

Drosophila willistoni XP 023037706.1 putative gustatory receptor 59d
Drosophila willistoni XP 046866510.1 putative gustatory receptor 59c

Drosophila arizonae XP 017864753.1 PREDICTED putative gustatory receptor 59d
Drosophila mojavensis XP 002006575.1 putative gustatory receptor 59d
Drosophila navojoa XP 017958568.2 putative gustatory receptor 59d
Drosophila hydei XP 023164178.2 putative gustatory receptor 59d

Drosophila novamexicana XP 030566351.1 putative gustatory receptor 59d
Drosophila virilis XP 002049038.3 putative gustatory receptor 59d

Drosophila grimshawi XP 001995275.3 putative gustatory receptor 59d
Drosophila grimshawi XP 001995276.2 putative gustatory receptor 59d

Drosophila virilis XP 032293158.1 putative gustatory receptor 59d
Drosophila novamexicana XP 030566352.1 putative gustatory receptor 59d
Drosophila innubila XP 034476144.1 putative gustatory receptor 59d

Drosophila albomicans XP 034102224.1 putative gustatory receptor 36a
Drosophila arizonae XP 017864752.1 PREDICTED putative gustatory receptor 59d
Drosophila mojavensis XP 043867171.1 LOW QUALITY PROTEIN putative gustatory receptor 59d

Drosophila navojoa XP 017958567.1 putative gustatory receptor 59d
Drosophila hydei XP 023164167.2 LOW QUALITY PROTEIN putative gustatory receptor 59d

Drosophila virilis XP 015030202.1 putative gustatory receptor 59d
Drosophila novamexicana XP 030566350.1 putative gustatory receptor 59d partial

Drosophila innubila XP 034476143.1 putative gustatory receptor 59d
Drosophila albomicans XP 034102225.1 putative gustatory receptor 59c
Drosophila busckii XP 017835366.1 putative gustatory receptor 59d

Drosophila arizonae XP 017864679.1 PREDICTED putative gustatory receptor 59d
Drosophila mojavensis XP 002006123.1 putative gustatory receptor 59d
Drosophila navojoa XP 030243505.1 putative gustatory receptor 59d

Drosophila hydei XP 023173496.2 putative gustatory receptor 59d
Drosophila novamexicana XP 030560555.1 putative gustatory receptor 59d partial
Drosophila virilis XP 002049719.3 putative gustatory receptor 59d partial

Drosophila albomicans XP 034101911.1 putative gustatory receptor 59d
Drosophila innubila XP 034475732.1 putative gustatory receptor 59d
Scaptodrosophila lebanonensis XP 030388036.1 putative gustatory receptor 59d

Drosophila mauritiana XP 033155703.1 putative gustatory receptor 59c
Drosophila sechellia XP 002040030.1 putative gustatory receptor 59c
Drosophila simulans XP 002082732.2 putative gustatory receptor 59c
Drosophila melanogaster NP 726292.1 gustatory receptor 59c

Drosophila santomea XP 039483229.1 putative gustatory receptor 59c
Drosophila yakuba XP 002092562.1 putative gustatory receptor 59c
Drosophila teissieri XP 043643297.1 putative gustatory receptor 59c

Drosophila erecta XP 001976351.1 putative gustatory receptor 59c
Drosophila eugracilis XP 017077380.2 putative gustatory receptor 59c
Drosophila subpulchrella XP 037716699.1 putative gustatory receptor 59c
Drosophila subpulchrella XP 037716698.1 putative gustatory receptor 59c
Drosophila suzukii XP 016927537.1 putative gustatory receptor 59c
Drosophila biarmipes XP 016946469.1 putative gustatory receptor 59c

Drosophila takahashii XP 017005862.2 putative gustatory receptor 59c
Drosophila elegans XP 017111556.1 putative gustatory receptor 59c
Drosophila rhopaloa XP 016972007.1 putative gustatory receptor 59c
Drosophila ficusphila XP 017053789.1 putative gustatory receptor 59c

Drosophila takahashii XP 017005863.2 putative gustatory receptor 59c
Drosophila ananassae XP 001960354.1 putative gustatory receptor 59c
Drosophila bipectinata XP 017096416.2 putative gustatory receptor 59c

Drosophila serrata XP 020810053.1 putative gustatory receptor 59c
Drosophila kikkawai XP 017018782.1 putative gustatory receptor 59c

Drosophila persimilis XP 002015884.1 putative gustatory receptor 59c
Drosophila pseudoobscura XP 001360399.3 putative gustatory receptor 59c
Drosophila miranda XP 017145602.1 putative gustatory receptor 59c

Drosophila subobscura XP 034650164.1 putative gustatory receptor 59c
Drosophila guanche XP 034141988.1 putative gustatory receptor 59c

Drosophila obscura XP 041449111.1 putative gustatory receptor 59c
Drosophila willistoni XP 015034474.2 putative gustatory receptor 59d

Stomoxys calcitrans XP 013116147.1 PREDICTED putative gustatory receptor 36b
Stomoxys calcitrans XP 013100557.1 PREDICTED putative gustatory receptor 59c partial
Stomoxys calcitrans XP 013116149.1 PREDICTED putative gustatory receptor 36b
Stomoxys calcitrans XP 013116150.1 PREDICTED putative gustatory receptor 59c

Musca domestica XP 019890606.1 PREDICTED putative gustatory receptor 36c
Stomoxys calcitrans XP 013116153.1 PREDICTED putative gustatory receptor 36c

Lucilia cuprina XP 046811715.1 putative gustatory receptor 59d
Lucilia sericata XP 037811497.1 putative gustatory receptor 59d
Lucilia sericata XP 037811498.1 putative gustatory receptor 59d
Lucilia cuprina XP 046811707.1 putative gustatory receptor 36b

Lucilia sericata XP 037811499.1 putative gustatory receptor 59d
Lucilia cuprina XP 023307903.2 putative gustatory receptor 59d

Lucilia sericata XP 037811500.1 putative gustatory receptor 59d
Musca domestica XP 019890603.1 PREDICTED putative gustatory receptor 36c

Bactrocera tryoni XP 039954328.1 putative gustatory receptor 36b
Bactrocera neohumeralis XP 050324586.1 putative gustatory receptor 36b
Bactrocera dorsalis XP 011206230.2 putative gustatory receptor 36b

Bactrocera oleae XP 014091912.2 putative gustatory receptor 36b
Ceratitis capitata XP 004534878.1 putative gustatory receptor 36b

Zeugodacus cucurbitae XP 028896999.1 putative gustatory receptor 36c
Bactrocera dorsalis XP 049308522.1 putative gustatory receptor 36c
Ceratitis capitata XP 004534883.1 putative gustatory receptor 36a

Teleopsis dalmanni XP 037941381.1 putative gustatory receptor 36a
Teleopsis dalmanni XP 037941380.1 putative gustatory receptor 59d
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Grl36a

Gr36

Gr59

Grl43a

Drosophila ficusphila XP 017052243.2 putative gustatory receptor 36a
Drosophila ficusphila XP 017050485.2 putative gustatory receptor 36a

Drosophila ficusphila XP 017052217.1 putative gustatory receptor 36a
Drosophila ficusphila XP 043064820.1 putative gustatory receptor 36a

Drosophila rhopaloa XP 016982917.2 putative gustatory receptor 36a
Drosophila elegans XP 017134100.1 putative gustatory receptor 36a

Drosophila subpulchrella XP 037708462.1 putative gustatory receptor 36a
Drosophila subpulchrella XP 037708463.1 putative gustatory receptor 36a

Drosophila biarmipes XP 043950065.2 putative gustatory receptor 36a
Drosophila takahashii XP 044249639.1 putative gustatory receptor 36a
Drosophila biarmipes XP 016963385.1 putative gustatory receptor 36a

Drosophila suzukii XP 016935022.1 putative gustatory receptor 36a
Drosophila subpulchrella XP 037711817.1 putative gustatory receptor 36a
Drosophila takahashii XP 017004949.2 putative gustatory receptor 36a
Drosophila biarmipes XP 016963440.1 putative gustatory receptor 36a

Drosophila takahashii XP 016993858.2 putative gustatory receptor 36a
Drosophila eugracilis XP 017086602.2 putative gustatory receptor 36a

Drosophila simulans XP 002079710.2 putative gustatory receptor 36a
Drosophila mauritiana XP 033174233.1 LOW QUALITY PROTEIN putative gustatory receptor 36a partial
Drosophila sechellia XP 032583400.1 putative gustatory receptor 36a
Drosophila melanogaster NP 724038.2 gustatory receptor 36a

Drosophila santomea XP 039482354.1 putative gustatory receptor 36c
Drosophila yakuba XP 002090481.3 putative gustatory receptor 36c
Drosophila teissieri XP 043644886.1 putative gustatory receptor 36c

Drosophila erecta XP 001974462.2 putative gustatory receptor 36c
Drosophila simulans XP 002079712.2 putative gustatory receptor 36c
Drosophila sechellia XP 002038896.1 putative gustatory receptor 36c
Drosophila mauritiana XP 033173959.1 putative gustatory receptor 36c
Drosophila melanogaster NP 724040.1 gustatory receptor 36c

Drosophila eugracilis XP 017086566.1 putative gustatory receptor 36c
Drosophila suzukii XP 036678610.1 putative gustatory receptor 36c isoform X2
Drosophila suzukii XP 016934089.1 putative gustatory receptor 36c isoform X1
Drosophila subpulchrella XP 037708466.1 putative gustatory receptor 36c

Drosophila biarmipes XP 016963032.1 putative gustatory receptor 36c
Drosophila takahashii XP 017004940.2 putative gustatory receptor 36c
Drosophila elegans XP 017134054.1 putative gustatory receptor 36c

Drosophila rhopaloa XP 016982916.2 putative gustatory receptor 36c
Drosophila elegans XP 017134052.2 putative gustatory receptor 36c
Drosophila serrata XP 020803056.1 putative gustatory receptor 36c
Drosophila serrata XP 020809180.1 putative gustatory receptor 36c

Drosophila kikkawai XP 017025364.1 putative gustatory receptor 36c
Drosophila kikkawai XP 017025363.1 putative gustatory receptor 36c

Drosophila serrata XP 020809183.1 putative gustatory receptor 36a
Drosophila kikkawai XP 017025555.1 putative gustatory receptor 36a
Drosophila serrata XP 020809237.1 putative gustatory receptor 36a

Drosophila santomea XP 039483794.1 putative gustatory receptor 36b
Drosophila yakuba XP 002090482.1 putative gustatory receptor 36b

Drosophila teissieri XP 043644883.1 putative gustatory receptor 36b
Drosophila erecta XP 001974463.3 LOW QUALITY PROTEIN putative gustatory receptor 36b

Drosophila simulans XP 002079711.1 putative gustatory receptor 36b
Drosophila sechellia XP 032569810.1 putative gustatory receptor 36b
Drosophila mauritiana XP 033173344.1 putative gustatory receptor 36b
Drosophila melanogaster NP 724039.1 gustatory receptor 36b

Drosophila suzukii XP 016933589.1 putative gustatory receptor 36b
Drosophila subpulchrella XP 037711828.1 putative gustatory receptor 36b
Drosophila biarmipes XP 016963445.1 putative gustatory receptor 36b

Drosophila takahashii XP 017004948.2 putative gustatory receptor 36b
Drosophila eugracilis XP 017086601.1 putative gustatory receptor 36b
Drosophila rhopaloa XP 016982915.2 putative gustatory receptor 36b

Drosophila biarmipes XP 043950313.1 putative gustatory receptor 36b
Drosophila ficusphila XP 017052230.2 putative gustatory receptor 36b
Drosophila ficusphila XP 017052255.2 putative gustatory receptor 36c

Drosophila eugracilis XP 017086567.2 putative gustatory receptor 36a
Drosophila ficusphila XP 043065387.1 putative gustatory receptor 36a

Drosophila bipectinata XP 043069860.1 putative gustatory receptor 36a
Drosophila ananassae XP 001961722.1 putative gustatory receptor 36a

Drosophila ananassae XP 032307444.2 putative gustatory receptor 36a
Drosophila bipectinata XP 043069727.1 putative gustatory receptor 36a

Drosophila bipectinata XP 043069729.1 putative gustatory receptor 36a
Drosophila ananassae XP 032307443.1 putative gustatory receptor 36a

Drosophila bipectinata XP 043069728.1 putative gustatory receptor 36a
Drosophila ananassae XP 044572165.1 putative gustatory receptor 36c

Drosophila bipectinata XP 017107024.2 putative gustatory receptor 36b
Drosophila ananassae XP 001961724.3 putative gustatory receptor 36b

Drosophila subobscura XP 034668350.1 putative gustatory receptor 36c
Drosophila subobscura XP 034667746.1 putative gustatory receptor 36a

Drosophila guanche XP 034129583.1 putative gustatory receptor 36c
Drosophila obscura XP 022228042.2 putative gustatory receptor 36a

Drosophila persimilis XP 002028510.1 putative gustatory receptor 36a
Drosophila pseudoobscura XP 001355878.2 putative gustatory receptor 36a

Drosophila miranda XP 017150891.2 putative gustatory receptor 36a
Drosophila biarmipes XP 043950210.2 putative gustatory receptor 36b

Drosophila biarmipes XP 050740938.1 putative gustatory receptor 36b
Drosophila simulans XP 002079713.3 uncharacterized protein CG31750
Drosophila sechellia XP 002038898.2 LOW QUALITY PROTEIN uncharacterized protein CG31750

Drosophila mauritiana XP 033151184.1 uncharacterized protein CG31750
Drosophila melanogaster NP 724041.1 uncharacterized protein Dmel CG31750
Drosophila yakuba XP 043062897.1 LOW QUALITY PROTEIN uncharacterized protein CG31750

Drosophila teissieri XP 043644915.1 uncharacterized protein CG31750
Drosophila erecta XP 001974461.1 uncharacterized protein CG31750

Drosophila takahashii XP 017004943.1 uncharacterized protein CG31750
Drosophila takahashii XP 017004944.2 uncharacterized protein CG31750-like

Drosophila subpulchrella XP 037708465.1 uncharacterized protein CG31750
Drosophila suzukii XP 016933963.1 uncharacterized protein CG31750
Drosophila biarmipes XP 016963336.1 uncharacterized protein CG31750 isoform X1
Drosophila takahashii XP 044249559.1 uncharacterized protein CG31750-like

Drosophila yakuba XP 002090483.2 uncharacterized protein CG31750
Drosophila teissieri XP 043644917.1 uncharacterized protein CG31750-like
Drosophila erecta XP 001974464.2 uncharacterized protein CG31750

Drosophila kikkawai XP 017025368.1 uncharacterized protein CG31750-like
Drosophila kikkawai XP 017025365.1 uncharacterized protein CG31750-like
Drosophila kikkawai XP 017025366.1 uncharacterized protein CG31750-like

Drosophila bipectinata XP 043069726.1 uncharacterized protein CG31750
Drosophila guanche XP 034128550.1 uncharacterized protein CG31750
Drosophila subobscura XP 034667748.1 uncharacterized protein CG31750

Drosophila obscura XP 022228023.2 uncharacterized protein CG31750
Drosophila pseudoobscura XP 001355880.3 uncharacterized protein CG31750
Drosophila persimilis XP 002028509.1 uncharacterized protein CG31750
Drosophila miranda XP 017150890.2 uncharacterized protein CG31750
Drosophila grimshawi XP 032592453.1 uncharacterized protein CG31750-like
Drosophila grimshawi XP 043070523.1 uncharacterized protein CG31750 isoform X2

Drosophila virilis XP 032294383.1 uncharacterized protein CG31750
Drosophila hydei XP 023170503.2 uncharacterized protein CG31750-like
Drosophila mojavensis XP 032584457.1 uncharacterized protein CG31750
Drosophila arizonae XP 017856849.1 PREDICTED uncharacterized protein CG31750

Drosophila hydei XP 030080387.1 uncharacterized protein CG31750-like
Drosophila bipectinata XP 017099407.2 uncharacterized protein CG1339

Drosophila ananassae XP 032309223.1 uncharacterized protein CG1339
Drosophila kikkawai XP 017026101.1 uncharacterized protein CG1339-like

Drosophila santomea XP 039502721.1 uncharacterized protein CG1339
Drosophila yakuba XP 002089503.1 uncharacterized protein CG1339
Drosophila teissieri XP 043641565.1 uncharacterized protein CG1339
Drosophila erecta XP 001970596.1 uncharacterized protein CG1339

Drosophila sechellia XP 002032779.2 uncharacterized protein CG1339
Drosophila mauritiana XP 033156223.1 uncharacterized protein CG1339
Drosophila simulans XP 002076208.2 uncharacterized protein CG1339
Drosophila melanogaster NP 610307.2 uncharacterized protein Dmel CG1339

Drosophila suzukii XP 016940643.1 uncharacterized protein CG1339
Drosophila subpulchrella XP 037714147.1 uncharacterized protein CG1339
Drosophila biarmipes XP 016957855.1 uncharacterized protein CG1339

Drosophila takahashii XP 017014839.2 uncharacterized protein CG1339
Drosophila eugracilis XP 017077871.1 uncharacterized protein CG1339
Drosophila ficusphila XP 017061321.1 uncharacterized protein CG1339

Drosophila rhopaloa XP 016989699.1 uncharacterized protein CG1339
Drosophila kikkawai XP 017033646.1 uncharacterized protein CG1339
Drosophila pseudoobscura XP 002133357.2 uncharacterized protein CG1339
Drosophila persimilis XP 002019266.1 uncharacterized protein CG1339
Drosophila miranda XP 017152205.1 uncharacterized protein CG1339
Drosophila subobscura XP 034669559.1 uncharacterized protein CG1339
Drosophila guanche XP 034135028.1 uncharacterized protein CG1339
Drosophila obscura XP 022234912.2 uncharacterized protein CG1339

Drosophila willistoni XP 023031421.1 uncharacterized protein CG1339
Drosophila mojavensis XP 032585139.1 uncharacterized protein CG1339
Drosophila navojoa XP 030243013.1 uncharacterized protein CG1339

Drosophila hydei XP 023175050.2 uncharacterized protein CG1339-like
Drosophila virilis XP 002051340.2 uncharacterized protein CG1339

Drosophila innubila XP 034474217.1 uncharacterized protein CG1339
Drosophila albomicans XP 034098821.1 uncharacterized protein CG1339-like

Drosophila albomicans XP 034098824.1 uncharacterized protein CG1339-like
Drosophila busckii XP 017851843.1 uncharacterized protein CG1339

Drosophila mauritiana XP 033153785.1 putative gustatory receptor 59d
Drosophila simulans XP 002076393.1 putative gustatory receptor 59d
Drosophila sechellia XP 002040031.1 putative gustatory receptor 59d
Drosophila melanogaster NP 611758.2 gustatory receptor 59d

Drosophila yakuba XP 002092563.1 putative gustatory receptor 59d
Drosophila santomea XP 039480870.1 putative gustatory receptor 59d
Drosophila teissieri XP 043645021.1 putative gustatory receptor 59d
Drosophila erecta XP 001976352.1 putative gustatory receptor 59d

Drosophila suzukii XP 016941724.2 putative gustatory receptor 59d
Drosophila subpulchrella XP 037717579.1 putative gustatory receptor 59d
Drosophila biarmipes XP 016946806.1 putative gustatory receptor 59d
Drosophila takahashii XP 044249251.1 putative gustatory receptor 59d
Drosophila takahashii XP 017005882.2 putative gustatory receptor 59d

Drosophila elegans XP 017119321.2 putative gustatory receptor 59d
Drosophila elegans XP 041563808.1 putative gustatory receptor 59d

Drosophila eugracilis XP 017077381.2 putative gustatory receptor 59d
Drosophila ficusphila XP 017053803.1 putative gustatory receptor 59d
Drosophila ficusphila XP 017053787.1 putative gustatory receptor 59d

Drosophila biarmipes XP 043948148.2 putative gustatory receptor 59d
Drosophila biarmipes XP 043948220.1 putative gustatory receptor 59d

Drosophila subpulchrella XP 037710383.1 putative gustatory receptor 59d
Drosophila subpulchrella XP 037714088.1 putative gustatory receptor 59d

Drosophila biarmipes XP 050743335.1 putative gustatory receptor 59d
Drosophila biarmipes XP 016946470.1 putative gustatory receptor 59d

Drosophila biarmipes XP 043948036.1 putative gustatory receptor 59d
Drosophila suzukii XP 016927538.1 putative gustatory receptor 59d

Drosophila suzukii XP 016930765.2 putative gustatory receptor 59d
Drosophila mauritiana XP 033153787.1 putative gustatory receptor 59d isoform X2
Drosophila mauritiana XP 033153788.1 putative gustatory receptor 59d isoform X3

Drosophila mauritiana XP 033153786.1 putative gustatory receptor 59d isoform X1
Drosophila biarmipes XP 043948029.1 putative gustatory receptor 59d isoform X1
Drosophila biarmipes XP 043948030.1 putative gustatory receptor 59d isoform X2

Drosophila rhopaloa XP 016972008.1 putative gustatory receptor 59d
Drosophila rhopaloa XP 016972009.2 putative gustatory receptor 59d

Drosophila elegans XP 017111557.1 putative gustatory receptor 59d
Drosophila kikkawai XP 017018860.2 putative gustatory receptor 59d

Drosophila serrata XP 020810052.1 putative gustatory receptor 59d
Drosophila bipectinata XP 017096417.2 putative gustatory receptor 59d
Drosophila ananassae XP 032306051.1 putative gustatory receptor 59d

Drosophila suzukii XP 036668919.1 putative gustatory receptor 59d
Drosophila subpulchrella XP 037716700.1 putative gustatory receptor 59d
Drosophila biarmipes XP 043948469.1 putative gustatory receptor 59d

Drosophila takahashii XP 044249058.1 putative gustatory receptor 59d
Drosophila takahashii XP 017005864.2 putative gustatory receptor 59d

Drosophila eugracilis XP 017077382.2 putative gustatory receptor 59d
Drosophila rhopaloa XP 016972003.2 putative gustatory receptor 59d

Drosophila kikkawai XP 017018781.2 putative gustatory receptor 59d
Drosophila serrata XP 020810046.1 putative gustatory receptor 59d

Drosophila bipectinata XP 017096419.2 putative gustatory receptor 59d
Drosophila ananassae XP 044571256.1 putative gustatory receptor 59d
Drosophila bipectinata XP 043066184.1 putative gustatory receptor 59d

Drosophila ananassae XP 032306054.1 putative gustatory receptor 59d
Drosophila guanche XP 034142284.1 putative gustatory receptor 59d
Drosophila subobscura XP 034653144.1 putative gustatory receptor 59d

Drosophila obscura XP 022222391.2 putative gustatory receptor 59d
Drosophila pseudoobscura XP 001360400.3 putative gustatory receptor 59d
Drosophila persimilis XP 002015883.1 putative gustatory receptor 59d
Drosophila miranda XP 017145601.1 putative gustatory receptor 59d
Drosophila willistoni XP 023037706.1 putative gustatory receptor 59d
Drosophila willistoni XP 046866510.1 putative gustatory receptor 59c

Drosophila arizonae XP 017864753.1 PREDICTED putative gustatory receptor 59d
Drosophila mojavensis XP 002006575.1 putative gustatory receptor 59d
Drosophila navojoa XP 017958568.2 putative gustatory receptor 59d

Drosophila hydei XP 023164178.2 putative gustatory receptor 59d
Drosophila novamexicana XP 030566351.1 putative gustatory receptor 59d
Drosophila virilis XP 002049038.3 putative gustatory receptor 59d

Drosophila grimshawi XP 001995275.3 putative gustatory receptor 59d
Drosophila virilis XP 032293158.1 putative gustatory receptor 59d
Drosophila novamexicana XP 030566352.1 putative gustatory receptor 59d

Drosophila grimshawi XP 001995276.2 putative gustatory receptor 59d
Drosophila innubila XP 034476144.1 putative gustatory receptor 59d

Drosophila albomicans XP 034102224.1 putative gustatory receptor 36a
Drosophila arizonae XP 017864752.1 PREDICTED putative gustatory receptor 59d
Drosophila mojavensis XP 043867171.1 LOW QUALITY PROTEIN putative gustatory receptor 59d

Drosophila navojoa XP 017958567.1 putative gustatory receptor 59d
Drosophila hydei XP 023164167.2 LOW QUALITY PROTEIN putative gustatory receptor 59d

Drosophila virilis XP 015030202.1 putative gustatory receptor 59d
Drosophila novamexicana XP 030566350.1 putative gustatory receptor 59d partial

Drosophila innubila XP 034476143.1 putative gustatory receptor 59d
Drosophila albomicans XP 034102225.1 putative gustatory receptor 59c
Drosophila busckii XP 017835366.1 putative gustatory receptor 59d
Drosophila arizonae XP 017864679.1 PREDICTED putative gustatory receptor 59d
Drosophila mojavensis XP 002006123.1 putative gustatory receptor 59d
Drosophila navojoa XP 030243505.1 putative gustatory receptor 59d

Drosophila hydei XP 023173496.2 putative gustatory receptor 59d
Drosophila novamexicana XP 030560555.1 putative gustatory receptor 59d partial
Drosophila virilis XP 002049719.3 putative gustatory receptor 59d partial

Drosophila albomicans XP 034101911.1 putative gustatory receptor 59d
Drosophila innubila XP 034475732.1 putative gustatory receptor 59d

Scaptodrosophila lebanonensis XP 030388036.1 putative gustatory receptor 59d
Drosophila santomea XP 039483229.1 putative gustatory receptor 59c
Drosophila yakuba XP 002092562.1 putative gustatory receptor 59c
Drosophila teissieri XP 043643297.1 putative gustatory receptor 59c

Drosophila erecta XP 001976351.1 putative gustatory receptor 59c
Drosophila mauritiana XP 033155703.1 putative gustatory receptor 59c
Drosophila sechellia XP 002040030.1 putative gustatory receptor 59c
Drosophila simulans XP 002082732.2 putative gustatory receptor 59c
Drosophila melanogaster NP 726292.1 gustatory receptor 59c

Drosophila eugracilis XP 017077380.2 putative gustatory receptor 59c
Drosophila subpulchrella XP 037716699.1 putative gustatory receptor 59c
Drosophila subpulchrella XP 037716698.1 putative gustatory receptor 59c
Drosophila suzukii XP 016927537.1 putative gustatory receptor 59c
Drosophila biarmipes XP 016946469.1 putative gustatory receptor 59c

Drosophila takahashii XP 017005862.2 putative gustatory receptor 59c
Drosophila elegans XP 017111556.1 putative gustatory receptor 59c
Drosophila rhopaloa XP 016972007.1 putative gustatory receptor 59c
Drosophila ficusphila XP 017053789.1 putative gustatory receptor 59c
Drosophila takahashii XP 017005863.2 putative gustatory receptor 59c

Drosophila ananassae XP 001960354.1 putative gustatory receptor 59c
Drosophila bipectinata XP 017096416.2 putative gustatory receptor 59c

Drosophila serrata XP 020810053.1 putative gustatory receptor 59c
Drosophila kikkawai XP 017018782.1 putative gustatory receptor 59c

Drosophila persimilis XP 002015884.1 putative gustatory receptor 59c
Drosophila pseudoobscura XP 001360399.3 putative gustatory receptor 59c
Drosophila miranda XP 017145602.1 putative gustatory receptor 59c

Drosophila subobscura XP 034650164.1 putative gustatory receptor 59c
Drosophila guanche XP 034141988.1 putative gustatory receptor 59c

Drosophila obscura XP 041449111.1 putative gustatory receptor 59c
Drosophila willistoni XP 015034474.2 putative gustatory receptor 59d

Stomoxys calcitrans XP 013116149.1 PREDICTED putative gustatory receptor 36b
Stomoxys calcitrans XP 013116147.1 PREDICTED putative gustatory receptor 36b
Stomoxys calcitrans XP 013100557.1 PREDICTED putative gustatory receptor 59c partial

Stomoxys calcitrans XP 013116150.1 PREDICTED putative gustatory receptor 59c
Musca domestica XP 019890606.1 PREDICTED putative gustatory receptor 36c
Stomoxys calcitrans XP 013116153.1 PREDICTED putative gustatory receptor 36c

Lucilia cuprina XP 046811715.1 putative gustatory receptor 59d
Lucilia sericata XP 037811497.1 putative gustatory receptor 59d
Lucilia sericata XP 037811498.1 putative gustatory receptor 59d
Lucilia cuprina XP 046811707.1 putative gustatory receptor 36b

Lucilia sericata XP 037811499.1 putative gustatory receptor 59d
Lucilia cuprina XP 023307903.2 putative gustatory receptor 59d

Lucilia sericata XP 037811500.1 putative gustatory receptor 59d
Musca domestica XP 019890603.1 PREDICTED putative gustatory receptor 36c

Teleopsis dalmanni XP 037941381.1 putative gustatory receptor 36a
Teleopsis dalmanni XP 037941380.1 putative gustatory receptor 59d

Bactrocera tryoni XP 039954328.1 putative gustatory receptor 36b
Bactrocera neohumeralis XP 050324586.1 putative gustatory receptor 36b
Bactrocera dorsalis XP 011206230.2 putative gustatory receptor 36b

Bactrocera oleae XP 014091912.2 putative gustatory receptor 36b
Ceratitis capitata XP 004534878.1 putative gustatory receptor 36b

Zeugodacus cucurbitae XP 028896999.1 putative gustatory receptor 36c
Bactrocera dorsalis XP 049308522.1 putative gustatory receptor 36c

Ceratitis capitata XP 004534883.1 putative gustatory receptor 36a
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Figure 3—figure supplement 7. Fully annotated phylogenetic trees for Gr36, Gr59, Grl36a, and Grl43a homologs. For maximum likelihood, the tree 
was generated using a JTT + F + R7 substitution model and is rooted. Branch support values for maximum likelihood (UFboot) and Bayesian analyses 
(posterior probability) are shown at the branches. Non-drosophilid sequences are assumed to be the outgroup. The scale bars represent the average 
number of substitutions per site.
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Drosophila ficusphila XP 017050485.2 putative gustatory receptor 36a
Drosophila ficusphila XP 017052243.2 putative gustatory receptor 36a
Drosophila ficusphila XP 017052217.1 putative gustatory receptor 36a
Drosophila ficusphila XP 043064820.1 putative gustatory receptor 36a
Drosophila elegans XP 017134100.1 putative gustatory receptor 36a
Drosophila rhopaloa XP 016982917.2 putative gustatory receptor 36a
Drosophila subpulchrella XP 037708463.1 putative gustatory receptor 36a
Drosophila subpulchrella XP 037708462.1 putative gustatory receptor 36a
Drosophila biarmipes XP 043950065.2 putative gustatory receptor 36a
Drosophila takahashii XP 044249639.1 putative gustatory receptor 36a
Drosophila biarmipes XP 016963385.1 putative gustatory receptor 36a
Drosophila subpulchrella XP 037711817.1 putative gustatory receptor 36a
Drosophila suzukii XP 016935022.1 putative gustatory receptor 36a
Drosophila takahashii XP 017004949.2 putative gustatory receptor 36a
Drosophila biarmipes XP 016963440.1 putative gustatory receptor 36a
Drosophila takahashii XP 016993858.2 putative gustatory receptor 36a
Drosophila eugracilis XP 017086602.2 putative gustatory receptor 36a
Drosophila simulans XP 002079710.2 putative gustatory receptor 36a
Drosophila sechellia XP 032583400.1 putative gustatory receptor 36a
Drosophila mauritiana XP 033174233.1 LOW QUALITY PROTEIN putative gustatory receptor 36a partial
Drosophila melanogaster NP 724038.2 gustatory receptor 36a
Drosophila yakuba XP 002090481.3 putative gustatory receptor 36c
Drosophila santomea XP 039482354.1 putative gustatory receptor 36c
Drosophila teissieri XP 043644886.1 putative gustatory receptor 36c
Drosophila erecta XP 001974462.2 putative gustatory receptor 36c
Drosophila sechellia XP 002038896.1 putative gustatory receptor 36c
Drosophila simulans XP 002079712.2 putative gustatory receptor 36c
Drosophila mauritiana XP 033173959.1 putative gustatory receptor 36c
Drosophila melanogaster NP 724040.1 gustatory receptor 36c
Drosophila eugracilis XP 017086566.1 putative gustatory receptor 36c
Drosophila suzukii XP 016934089.1 putative gustatory receptor 36c isoform X1
Drosophila suzukii XP 036678610.1 putative gustatory receptor 36c isoform X2
Drosophila subpulchrella XP 037708466.1 putative gustatory receptor 36c
Drosophila biarmipes XP 016963032.1 putative gustatory receptor 36c
Drosophila takahashii XP 017004940.2 putative gustatory receptor 36c
Drosophila elegans XP 017134054.1 putative gustatory receptor 36c
Drosophila elegans XP 017134052.2 putative gustatory receptor 36c
Drosophila rhopaloa XP 016982916.2 putative gustatory receptor 36c
Drosophila serrata XP 020809237.1 putative gustatory receptor 36a
Drosophila kikkawai XP 017025555.1 putative gustatory receptor 36a
Drosophila yakuba XP 002090482.1 putative gustatory receptor 36b
Drosophila santomea XP 039483794.1 putative gustatory receptor 36b
Drosophila teissieri XP 043644883.1 putative gustatory receptor 36b
Drosophila erecta XP 001974463.3 LOW QUALITY PROTEIN putative gustatory receptor 36b
Drosophila sechellia XP 032569810.1 putative gustatory receptor 36b
Drosophila simulans XP 002079711.1 putative gustatory receptor 36b
Drosophila mauritiana XP 033173344.1 putative gustatory receptor 36b
Drosophila melanogaster NP 724039.1 gustatory receptor 36b
Drosophila subpulchrella XP 037711828.1 putative gustatory receptor 36b
Drosophila suzukii XP 016933589.1 putative gustatory receptor 36b
Drosophila biarmipes XP 016963445.1 putative gustatory receptor 36b
Drosophila takahashii XP 017004948.2 putative gustatory receptor 36b
Drosophila eugracilis XP 017086601.1 putative gustatory receptor 36b
Drosophila ficusphila XP 017052255.2 putative gustatory receptor 36c
Drosophila ficusphila XP 017052230.2 putative gustatory receptor 36b
Drosophila ficusphila XP 043065387.1 putative gustatory receptor 36a
Drosophila rhopaloa XP 016982915.2 putative gustatory receptor 36b
Drosophila biarmipes XP 043950313.1 putative gustatory receptor 36b
Drosophila biarmipes XP 043950210.2 putative gustatory receptor 36b
Drosophila biarmipes XP 050740938.1 putative gustatory receptor 36b
Drosophila eugracilis XP 017086567.2 putative gustatory receptor 36a
Drosophila serrata XP 020809180.1 putative gustatory receptor 36c
Drosophila serrata XP 020803056.1 putative gustatory receptor 36c
Drosophila kikkawai XP 017025364.1 putative gustatory receptor 36c
Drosophila ananassae XP 001961722.1 putative gustatory receptor 36a
Drosophila bipectinata XP 043069860.1 putative gustatory receptor 36a
Drosophila bipectinata XP 043069727.1 putative gustatory receptor 36a
Drosophila ananassae XP 032307444.2 putative gustatory receptor 36a
Drosophila ananassae XP 032307443.1 putative gustatory receptor 36a
Drosophila bipectinata XP 043069729.1 putative gustatory receptor 36a
Drosophila ananassae XP 044572165.1 putative gustatory receptor 36c
Drosophila bipectinata XP 043069728.1 putative gustatory receptor 36a
Drosophila ananassae XP 001961724.3 putative gustatory receptor 36b
Drosophila bipectinata XP 017107024.2 putative gustatory receptor 36b
Drosophila serrata XP 020809183.1 putative gustatory receptor 36a
Drosophila kikkawai XP 017025363.1 putative gustatory receptor 36c
Drosophila subobscura XP 034667746.1 putative gustatory receptor 36a
Drosophila subobscura XP 034668350.1 putative gustatory receptor 36c
Drosophila guanche XP 034129583.1 putative gustatory receptor 36c
Drosophila obscura XP 022228042.2 putative gustatory receptor 36a
Drosophila pseudoobscura XP 001355878.2 putative gustatory receptor 36a
Drosophila persimilis XP 002028510.1 putative gustatory receptor 36a
Drosophila miranda XP 017150891.2 putative gustatory receptor 36a
Drosophila simulans XP 002079713.3 uncharacterized protein CG31750
Drosophila sechellia XP 002038898.2 LOW QUALITY PROTEIN uncharacterized protein CG31750
Drosophila mauritiana XP 033151184.1 uncharacterized protein CG31750
Drosophila melanogaster NP 724041.1 uncharacterized protein Dmel CG31750
Drosophila teissieri XP 043644915.1 uncharacterized protein CG31750
Drosophila yakuba XP 043062897.1 LOW QUALITY PROTEIN uncharacterized protein CG31750
Drosophila erecta XP 001974461.1 uncharacterized protein CG31750
Drosophila takahashii XP 017004944.2 uncharacterized protein CG31750-like
Drosophila takahashii XP 017004943.1 uncharacterized protein CG31750
Drosophila suzukii XP 016933963.1 uncharacterized protein CG31750
Drosophila subpulchrella XP 037708465.1 uncharacterized protein CG31750
Drosophila biarmipes XP 016963336.1 uncharacterized protein CG31750 isoform X1
Drosophila takahashii XP 044249559.1 uncharacterized protein CG31750-like
Drosophila teissieri XP 043644917.1 uncharacterized protein CG31750-like
Drosophila yakuba XP 002090483.2 uncharacterized protein CG31750
Drosophila erecta XP 001974464.2 uncharacterized protein CG31750
Drosophila bipectinata XP 043069726.1 uncharacterized protein CG31750
Drosophila kikkawai XP 017025366.1 uncharacterized protein CG31750-like
Drosophila kikkawai XP 017025365.1 uncharacterized protein CG31750-like
Drosophila kikkawai XP 017025368.1 uncharacterized protein CG31750-like
Drosophila subobscura XP 034667748.1 uncharacterized protein CG31750
Drosophila guanche XP 034128550.1 uncharacterized protein CG31750
Drosophila obscura XP 022228023.2 uncharacterized protein CG31750
Drosophila persimilis XP 002028509.1 uncharacterized protein CG31750
Drosophila pseudoobscura XP 001355880.3 uncharacterized protein CG31750
Drosophila miranda XP 017150890.2 uncharacterized protein CG31750
Drosophila grimshawi XP 043070523.1 uncharacterized protein CG31750 isoform X2
Drosophila grimshawi XP 032592453.1 uncharacterized protein CG31750-like
Drosophila hydei XP 023170503.2 uncharacterized protein CG31750-like
Drosophila virilis XP 032294383.1 uncharacterized protein CG31750
Drosophila arizonae XP 017856849.1 PREDICTED uncharacterized protein CG31750
Drosophila mojavensis XP 032584457.1 uncharacterized protein CG31750
Drosophila hydei XP 030080387.1 uncharacterized protein CG31750-like
Drosophila ananassae XP 032309223.1 uncharacterized protein CG1339
Drosophila bipectinata XP 017099407.2 uncharacterized protein CG1339
Drosophila kikkawai XP 017026101.1 uncharacterized protein CG1339-like
Drosophila yakuba XP 002089503.1 uncharacterized protein CG1339
Drosophila santomea XP 039502721.1 uncharacterized protein CG1339
Drosophila teissieri XP 043641565.1 uncharacterized protein CG1339
Drosophila erecta XP 001970596.1 uncharacterized protein CG1339
Drosophila simulans XP 002076208.2 uncharacterized protein CG1339
Drosophila sechellia XP 002032779.2 uncharacterized protein CG1339
Drosophila mauritiana XP 033156223.1 uncharacterized protein CG1339
Drosophila melanogaster NP 610307.2 uncharacterized protein Dmel CG1339
Drosophila subpulchrella XP 037714147.1 uncharacterized protein CG1339
Drosophila suzukii XP 016940643.1 uncharacterized protein CG1339
Drosophila biarmipes XP 016957855.1 uncharacterized protein CG1339
Drosophila takahashii XP 017014839.2 uncharacterized protein CG1339
Drosophila eugracilis XP 017077871.1 uncharacterized protein CG1339
Drosophila ficusphila XP 017061321.1 uncharacterized protein CG1339
Drosophila rhopaloa XP 016989699.1 uncharacterized protein CG1339
Drosophila kikkawai XP 017033646.1 uncharacterized protein CG1339
Drosophila persimilis XP 002019266.1 uncharacterized protein CG1339
Drosophila pseudoobscura XP 002133357.2 uncharacterized protein CG1339
Drosophila miranda XP 017152205.1 uncharacterized protein CG1339
Drosophila guanche XP 034135028.1 uncharacterized protein CG1339
Drosophila subobscura XP 034669559.1 uncharacterized protein CG1339
Drosophila obscura XP 022234912.2 uncharacterized protein CG1339
Drosophila willistoni XP 023031421.1 uncharacterized protein CG1339
Drosophila navojoa XP 030243013.1 uncharacterized protein CG1339
Drosophila mojavensis XP 032585139.1 uncharacterized protein CG1339
Drosophila hydei XP 023175050.2 uncharacterized protein CG1339-like
Drosophila virilis XP 002051340.2 uncharacterized protein CG1339
Drosophila albomicans XP 034098824.1 uncharacterized protein CG1339-like
Drosophila albomicans XP 034098821.1 uncharacterized protein CG1339-like
Drosophila innubila XP 034474217.1 uncharacterized protein CG1339
Drosophila busckii XP 017851843.1 uncharacterized protein CG1339
Drosophila simulans XP 002076393.1 putative gustatory receptor 59d
Drosophila mauritiana XP 033153785.1 putative gustatory receptor 59d
Drosophila sechellia XP 002040031.1 putative gustatory receptor 59d
Drosophila melanogaster NP 611758.2 gustatory receptor 59d
Drosophila santomea XP 039480870.1 putative gustatory receptor 59d
Drosophila yakuba XP 002092563.1 putative gustatory receptor 59d
Drosophila teissieri XP 043645021.1 putative gustatory receptor 59d
Drosophila erecta XP 001976352.1 putative gustatory receptor 59d
Drosophila elegans XP 041563808.1 putative gustatory receptor 59d
Drosophila elegans XP 017119321.2 putative gustatory receptor 59d
Drosophila subpulchrella XP 037717579.1 putative gustatory receptor 59d
Drosophila suzukii XP 016941724.2 putative gustatory receptor 59d
Drosophila biarmipes XP 016946806.1 putative gustatory receptor 59d
Drosophila takahashii XP 017005882.2 putative gustatory receptor 59d
Drosophila takahashii XP 044249251.1 putative gustatory receptor 59d
Drosophila ficusphila XP 017053787.1 putative gustatory receptor 59d
Drosophila ficusphila XP 017053803.1 putative gustatory receptor 59d
Drosophila eugracilis XP 017077381.2 putative gustatory receptor 59d
Drosophila biarmipes XP 043948220.1 putative gustatory receptor 59d
Drosophila biarmipes XP 043948148.2 putative gustatory receptor 59d
Drosophila subpulchrella XP 037714088.1 putative gustatory receptor 59d
Drosophila subpulchrella XP 037710383.1 putative gustatory receptor 59d
Drosophila biarmipes XP 050743335.1 putative gustatory receptor 59d
Drosophila biarmipes XP 016946470.1 putative gustatory receptor 59d
Drosophila suzukii XP 016927538.1 putative gustatory receptor 59d
Drosophila biarmipes XP 043948036.1 putative gustatory receptor 59d
Drosophila suzukii XP 016930765.2 putative gustatory receptor 59d
Drosophila mauritiana XP 033153788.1 putative gustatory receptor 59d isoform X3
Drosophila mauritiana XP 033153787.1 putative gustatory receptor 59d isoform X2
Drosophila mauritiana XP 033153786.1 putative gustatory receptor 59d isoform X1
Drosophila biarmipes XP 043948030.1 putative gustatory receptor 59d isoform X2
Drosophila biarmipes XP 043948029.1 putative gustatory receptor 59d isoform X1
Drosophila rhopaloa XP 016972009.2 putative gustatory receptor 59d
Drosophila rhopaloa XP 016972008.1 putative gustatory receptor 59d
Drosophila elegans XP 017111557.1 putative gustatory receptor 59d
Drosophila serrata XP 020810052.1 putative gustatory receptor 59d
Drosophila kikkawai XP 017018860.2 putative gustatory receptor 59d
Drosophila ananassae XP 032306051.1 putative gustatory receptor 59d
Drosophila bipectinata XP 017096417.2 putative gustatory receptor 59d
Drosophila subpulchrella XP 037716700.1 putative gustatory receptor 59d
Drosophila suzukii XP 036668919.1 putative gustatory receptor 59d
Drosophila biarmipes XP 043948469.1 putative gustatory receptor 59d
Drosophila takahashii XP 017005864.2 putative gustatory receptor 59d
Drosophila takahashii XP 044249058.1 putative gustatory receptor 59d
Drosophila eugracilis XP 017077382.2 putative gustatory receptor 59d
Drosophila rhopaloa XP 016972003.2 putative gustatory receptor 59d
Drosophila serrata XP 020810046.1 putative gustatory receptor 59d
Drosophila kikkawai XP 017018781.2 putative gustatory receptor 59d
Drosophila ananassae XP 044571256.1 putative gustatory receptor 59d
Drosophila bipectinata XP 017096419.2 putative gustatory receptor 59d
Drosophila ananassae XP 032306054.1 putative gustatory receptor 59d
Drosophila bipectinata XP 043066184.1 putative gustatory receptor 59d
Drosophila subobscura XP 034653144.1 putative gustatory receptor 59d
Drosophila guanche XP 034142284.1 putative gustatory receptor 59d
Drosophila obscura XP 022222391.2 putative gustatory receptor 59d
Drosophila persimilis XP 002015883.1 putative gustatory receptor 59d
Drosophila pseudoobscura XP 001360400.3 putative gustatory receptor 59d
Drosophila miranda XP 017145601.1 putative gustatory receptor 59d
Drosophila willistoni XP 046866510.1 putative gustatory receptor 59c
Drosophila willistoni XP 023037706.1 putative gustatory receptor 59d
Drosophila yakuba XP 002092562.1 putative gustatory receptor 59c
Drosophila santomea XP 039483229.1 putative gustatory receptor 59c
Drosophila teissieri XP 043643297.1 putative gustatory receptor 59c
Drosophila erecta XP 001976351.1 putative gustatory receptor 59c
Drosophila sechellia XP 002040030.1 putative gustatory receptor 59c
Drosophila mauritiana XP 033155703.1 putative gustatory receptor 59c
Drosophila simulans XP 002082732.2 putative gustatory receptor 59c
Drosophila melanogaster NP 726292.1 gustatory receptor 59c
Drosophila eugracilis XP 017077380.2 putative gustatory receptor 59c
Drosophila subpulchrella XP 037716698.1 putative gustatory receptor 59c
Drosophila subpulchrella XP 037716699.1 putative gustatory receptor 59c
Drosophila suzukii XP 016927537.1 putative gustatory receptor 59c
Drosophila biarmipes XP 016946469.1 putative gustatory receptor 59c
Drosophila takahashii XP 017005862.2 putative gustatory receptor 59c
Drosophila rhopaloa XP 016972007.1 putative gustatory receptor 59c
Drosophila elegans XP 017111556.1 putative gustatory receptor 59c
Drosophila ficusphila XP 017053789.1 putative gustatory receptor 59c
Drosophila takahashii XP 017005863.2 putative gustatory receptor 59c
Drosophila bipectinata XP 017096416.2 putative gustatory receptor 59c
Drosophila ananassae XP 001960354.1 putative gustatory receptor 59c
Drosophila kikkawai XP 017018782.1 putative gustatory receptor 59c
Drosophila serrata XP 020810053.1 putative gustatory receptor 59c
Drosophila pseudoobscura XP 001360399.3 putative gustatory receptor 59c
Drosophila persimilis XP 002015884.1 putative gustatory receptor 59c
Drosophila miranda XP 017145602.1 putative gustatory receptor 59c
Drosophila guanche XP 034141988.1 putative gustatory receptor 59c
Drosophila subobscura XP 034650164.1 putative gustatory receptor 59c
Drosophila obscura XP 041449111.1 putative gustatory receptor 59c
Drosophila willistoni XP 015034474.2 putative gustatory receptor 59d
Drosophila mojavensis XP 002006575.1 putative gustatory receptor 59d
Drosophila arizonae XP 017864753.1 PREDICTED putative gustatory receptor 59d
Drosophila navojoa XP 017958568.2 putative gustatory receptor 59d
Drosophila hydei XP 023164178.2 putative gustatory receptor 59d
Drosophila virilis XP 002049038.3 putative gustatory receptor 59d
Drosophila novamexicana XP 030566351.1 putative gustatory receptor 59d
Drosophila grimshawi XP 001995275.3 putative gustatory receptor 59d
Drosophila novamexicana XP 030566352.1 putative gustatory receptor 59d
Drosophila virilis XP 032293158.1 putative gustatory receptor 59d
Drosophila grimshawi XP 001995276.2 putative gustatory receptor 59d
Drosophila albomicans XP 034102224.1 putative gustatory receptor 36a
Drosophila innubila XP 034476144.1 putative gustatory receptor 59d
Drosophila mojavensis XP 043867171.1 LOW QUALITY PROTEIN putative gustatory receptor 59d
Drosophila arizonae XP 017864752.1 PREDICTED putative gustatory receptor 59d
Drosophila navojoa XP 017958567.1 putative gustatory receptor 59d
Drosophila hydei XP 023164167.2 LOW QUALITY PROTEIN putative gustatory receptor 59d
Drosophila novamexicana XP 030566350.1 putative gustatory receptor 59d partial
Drosophila virilis XP 015030202.1 putative gustatory receptor 59d
Drosophila albomicans XP 034102225.1 putative gustatory receptor 59c
Drosophila innubila XP 034476143.1 putative gustatory receptor 59d
Drosophila busckii XP 017835366.1 putative gustatory receptor 59d
Drosophila mojavensis XP 002006123.1 putative gustatory receptor 59d
Drosophila arizonae XP 017864679.1 PREDICTED putative gustatory receptor 59d
Drosophila navojoa XP 030243505.1 putative gustatory receptor 59d
Drosophila hydei XP 023173496.2 putative gustatory receptor 59d
Drosophila virilis XP 002049719.3 putative gustatory receptor 59d partial
Drosophila novamexicana XP 030560555.1 putative gustatory receptor 59d partial
Drosophila innubila XP 034475732.1 putative gustatory receptor 59d
Drosophila albomicans XP 034101911.1 putative gustatory receptor 59d
Scaptodrosophila lebanonensis XP 030388036.1 putative gustatory receptor 59d
Stomoxys calcitrans XP 013100557.1 PREDICTED putative gustatory receptor 59c partial
Stomoxys calcitrans XP 013116147.1 PREDICTED putative gustatory receptor 36b
Stomoxys calcitrans XP 013116149.1 PREDICTED putative gustatory receptor 36b
Stomoxys calcitrans XP 013116150.1 PREDICTED putative gustatory receptor 59c
Musca domestica XP 019890606.1 PREDICTED putative gustatory receptor 36c
Stomoxys calcitrans XP 013116153.1 PREDICTED putative gustatory receptor 36c
Lucilia sericata XP 037811497.1 putative gustatory receptor 59d
Lucilia cuprina XP 046811715.1 putative gustatory receptor 59d
Lucilia cuprina XP 046811707.1 putative gustatory receptor 36b
Lucilia sericata XP 037811498.1 putative gustatory receptor 59d
Lucilia sericata XP 037811499.1 putative gustatory receptor 59d
Lucilia sericata XP 037811500.1 putative gustatory receptor 59d
Lucilia cuprina XP 023307903.2 putative gustatory receptor 59d
Musca domestica XP 019890603.1 PREDICTED putative gustatory receptor 36c
Bactrocera neohumeralis XP 050324586.1 putative gustatory receptor 36b
Bactrocera tryoni XP 039954328.1 putative gustatory receptor 36b
Bactrocera dorsalis XP 011206230.2 putative gustatory receptor 36b
Bactrocera oleae XP 014091912.2 putative gustatory receptor 36b
Ceratitis capitata XP 004534878.1 putative gustatory receptor 36b
Bactrocera dorsalis XP 049308522.1 putative gustatory receptor 36c
Zeugodacus cucurbitae XP 028896999.1 putative gustatory receptor 36c
Ceratitis capitata XP 004534883.1 putative gustatory receptor 36a
Teleopsis dalmanni XP 037941380.1 putative gustatory receptor 59d
Teleopsis dalmanni XP 037941381.1 putative gustatory receptor 36a

100

100

100

100

100

100

100

100

100

100

100

100

100

100

99

100

100

100

100

100

100

98

98

100

100

100

100

98

99

100

100

100

100

100

100

100

99

100

98

100

100

100

100

100

100

100

98

100

100

100

100

100

100

100

100

100

99

100

100

100

100

100

96

100

100

100

100

100

100

100

100

99

100

100

99

100

100

100

100

100

100

100

100

100

100

100

100

99

100

100

100

100

100

100

100

100

99

100

100

100

100

100

100

100

100

100

100

100

100

100

100

100

100

100

100

100

100

100

100

98

99

99

100

100

100

100

100

100

97

100

100

96

100

98

100

100

100

100

100

100

100

100

100

100

100

100

99

100

100

100

100

100

99

100

100

100

100

100

98

100

100

100

96

100

100

100

98

100

100

100

100

100

100

100

100

100

100

100

100

100

100

100

100

100

100

100

100

100

100

100

100

100

100

100

100

100

100

100

100

100

100

100

97

100

100

99

98

99

100

100

100

100

100

99

99

100

100

100

100

100

100

100

100

100

100

100

100

100

100

100

100

97

100

99

99

100

100

97

100

100

100

95

100

100

99

99

100

Drosophila simulans XP 002079712.2 putative gustatory receptor 36c
Drosophila sechellia XP 002038896.1 putative gustatory receptor 36c
Drosophila mauritiana XP 033173959.1 putative gustatory receptor 36c
Drosophila melanogaster NP 724040.1 gustatory receptor 36c
Drosophila santomea XP 039482354.1 putative gustatory receptor 36c
Drosophila yakuba XP 002090481.3 putative gustatory receptor 36c
Drosophila teissieri XP 043644886.1 putative gustatory receptor 36c
Drosophila erecta XP 001974462.2 putative gustatory receptor 36c
Drosophila eugracilis XP 017086566.1 putative gustatory receptor 36c
Drosophila suzukii XP 036678610.1 putative gustatory receptor 36c isoform X2
Drosophila suzukii XP 016934089.1 putative gustatory receptor 36c isoform X1
Drosophila subpulchrella XP 037708466.1 putative gustatory receptor 36c
Drosophila biarmipes XP 016963032.1 putative gustatory receptor 36c
Drosophila takahashii XP 017004940.2 putative gustatory receptor 36c
Drosophila elegans XP 017134054.1 putative gustatory receptor 36c
Drosophila rhopaloa XP 016982916.2 putative gustatory receptor 36c
Drosophila elegans XP 017134052.2 putative gustatory receptor 36c
Drosophila suzukii XP 016935022.1 putative gustatory receptor 36a
Drosophila subpulchrella XP 037711817.1 putative gustatory receptor 36a
Drosophila biarmipes XP 016963440.1 putative gustatory receptor 36a
Drosophila takahashii XP 017004949.2 putative gustatory receptor 36a
Drosophila takahashii XP 016993858.2 putative gustatory receptor 36a
Drosophila eugracilis XP 017086602.2 putative gustatory receptor 36a
Drosophila simulans XP 002079710.2 putative gustatory receptor 36a
Drosophila sechellia XP 032583400.1 putative gustatory receptor 36a
Drosophila mauritiana XP 033174233.1 LOW QUALITY PROTEIN putative gustatory receptor 36a partial
Drosophila melanogaster NP 724038.2 gustatory receptor 36a
Drosophila kikkawai XP 017025555.1 putative gustatory receptor 36a
Drosophila serrata XP 020809237.1 putative gustatory receptor 36a
Drosophila simulans XP 002079711.1 putative gustatory receptor 36b
Drosophila sechellia XP 032569810.1 putative gustatory receptor 36b
Drosophila mauritiana XP 033173344.1 putative gustatory receptor 36b
Drosophila melanogaster NP 724039.1 gustatory receptor 36b
Drosophila santomea XP 039483794.1 putative gustatory receptor 36b
Drosophila yakuba XP 002090482.1 putative gustatory receptor 36b
Drosophila teissieri XP 043644883.1 putative gustatory receptor 36b
Drosophila erecta XP 001974463.3 LOW QUALITY PROTEIN putative gustatory receptor 36b
Drosophila suzukii XP 016933589.1 putative gustatory receptor 36b
Drosophila subpulchrella XP 037711828.1 putative gustatory receptor 36b
Drosophila biarmipes XP 016963445.1 putative gustatory receptor 36b
Drosophila takahashii XP 017004948.2 putative gustatory receptor 36b
Drosophila eugracilis XP 017086601.1 putative gustatory receptor 36b
Drosophila serrata XP 020803056.1 putative gustatory receptor 36c
Drosophila serrata XP 020809180.1 putative gustatory receptor 36c
Drosophila kikkawai XP 017025364.1 putative gustatory receptor 36c
Drosophila bipectinata XP 043069729.1 putative gustatory receptor 36a
Drosophila ananassae XP 032307443.1 putative gustatory receptor 36a
Drosophila ananassae XP 044572165.1 putative gustatory receptor 36c
Drosophila bipectinata XP 043069728.1 putative gustatory receptor 36a
Drosophila ananassae XP 032307444.2 putative gustatory receptor 36a
Drosophila bipectinata XP 043069727.1 putative gustatory receptor 36a
Drosophila bipectinata XP 043069860.1 putative gustatory receptor 36a
Drosophila ananassae XP 001961722.1 putative gustatory receptor 36a
Drosophila bipectinata XP 017107024.2 putative gustatory receptor 36b
Drosophila ananassae XP 001961724.3 putative gustatory receptor 36b
Drosophila elegans XP 017134100.1 putative gustatory receptor 36a
Drosophila biarmipes XP 043950313.1 putative gustatory receptor 36b
Drosophila biarmipes XP 043950210.2 putative gustatory receptor 36b
Drosophila biarmipes XP 050740938.1 putative gustatory receptor 36b
Drosophila rhopaloa XP 016982915.2 putative gustatory receptor 36b
Drosophila ficusphila XP 043065387.1 putative gustatory receptor 36a
Drosophila ficusphila XP 017052243.2 putative gustatory receptor 36a
Drosophila ficusphila XP 017050485.2 putative gustatory receptor 36a
Drosophila ficusphila XP 017052217.1 putative gustatory receptor 36a
Drosophila ficusphila XP 043064820.1 putative gustatory receptor 36a
Drosophila ficusphila XP 017052230.2 putative gustatory receptor 36b
Drosophila ficusphila XP 017052255.2 putative gustatory receptor 36c
Drosophila rhopaloa XP 016982917.2 putative gustatory receptor 36a
Drosophila subpulchrella XP 037708462.1 putative gustatory receptor 36a
Drosophila subpulchrella XP 037708463.1 putative gustatory receptor 36a
Drosophila biarmipes XP 043950065.2 putative gustatory receptor 36a
Drosophila takahashii XP 044249639.1 putative gustatory receptor 36a
Drosophila biarmipes XP 016963385.1 putative gustatory receptor 36a
Drosophila eugracilis XP 017086567.2 putative gustatory receptor 36a
Drosophila serrata XP 020809183.1 putative gustatory receptor 36a
Drosophila kikkawai XP 017025363.1 putative gustatory receptor 36c
Drosophila subobscura XP 034668350.1 putative gustatory receptor 36c
Drosophila subobscura XP 034667746.1 putative gustatory receptor 36a
Drosophila guanche XP 034129583.1 putative gustatory receptor 36c
Drosophila obscura XP 022228042.2 putative gustatory receptor 36a
Drosophila persimilis XP 002028510.1 putative gustatory receptor 36a
Drosophila pseudoobscura XP 001355878.2 putative gustatory receptor 36a
Drosophila miranda XP 017150891.2 putative gustatory receptor 36a
Drosophila simulans XP 002079713.3 uncharacterized protein CG31750
Drosophila sechellia XP 002038898.2 LOW QUALITY PROTEIN uncharacterized protein CG31750
Drosophila mauritiana XP 033151184.1 uncharacterized protein CG31750
Drosophila melanogaster NP 724041.1 uncharacterized protein Dmel CG31750
Drosophila yakuba XP 043062897.1 LOW QUALITY PROTEIN uncharacterized protein CG31750
Drosophila teissieri XP 043644915.1 uncharacterized protein CG31750
Drosophila erecta XP 001974461.1 uncharacterized protein CG31750
Drosophila takahashii XP 017004943.1 uncharacterized protein CG31750
Drosophila takahashii XP 017004944.2 uncharacterized protein CG31750-like
Drosophila subpulchrella XP 037708465.1 uncharacterized protein CG31750
Drosophila suzukii XP 016933963.1 uncharacterized protein CG31750
Drosophila biarmipes XP 016963336.1 uncharacterized protein CG31750 isoform X1
Drosophila takahashii XP 044249559.1 uncharacterized protein CG31750-like
Drosophila yakuba XP 002090483.2 uncharacterized protein CG31750
Drosophila teissieri XP 043644917.1 uncharacterized protein CG31750-like
Drosophila erecta XP 001974464.2 uncharacterized protein CG31750
Drosophila bipectinata XP 043069726.1 uncharacterized protein CG31750
Drosophila kikkawai XP 017025365.1 uncharacterized protein CG31750-like
Drosophila kikkawai XP 017025366.1 uncharacterized protein CG31750-like
Drosophila kikkawai XP 017025368.1 uncharacterized protein CG31750-like
Drosophila pseudoobscura XP 001355880.3 uncharacterized protein CG31750
Drosophila persimilis XP 002028509.1 uncharacterized protein CG31750
Drosophila miranda XP 017150890.2 uncharacterized protein CG31750
Drosophila guanche XP 034128550.1 uncharacterized protein CG31750
Drosophila subobscura XP 034667748.1 uncharacterized protein CG31750
Drosophila obscura XP 022228023.2 uncharacterized protein CG31750
Drosophila bipectinata XP 017099407.2 uncharacterized protein CG1339
Drosophila ananassae XP 032309223.1 uncharacterized protein CG1339
Drosophila kikkawai XP 017026101.1 uncharacterized protein CG1339-like
Drosophila virilis XP 032294383.1 uncharacterized protein CG31750
Drosophila hydei XP 023170503.2 uncharacterized protein CG31750-like
Drosophila grimshawi XP 032592453.1 uncharacterized protein CG31750-like
Drosophila grimshawi XP 043070523.1 uncharacterized protein CG31750 isoform X2
Drosophila mojavensis XP 032584457.1 uncharacterized protein CG31750
Drosophila arizonae XP 017856849.1 PREDICTED uncharacterized protein CG31750
Drosophila hydei XP 030080387.1 uncharacterized protein CG31750-like
Drosophila simulans XP 002076208.2 uncharacterized protein CG1339
Drosophila sechellia XP 002032779.2 uncharacterized protein CG1339
Drosophila mauritiana XP 033156223.1 uncharacterized protein CG1339
Drosophila melanogaster NP 610307.2 uncharacterized protein Dmel CG1339
Drosophila santomea XP 039502721.1 uncharacterized protein CG1339
Drosophila yakuba XP 002089503.1 uncharacterized protein CG1339
Drosophila teissieri XP 043641565.1 uncharacterized protein CG1339
Drosophila erecta XP 001970596.1 uncharacterized protein CG1339
Drosophila suzukii XP 016940643.1 uncharacterized protein CG1339
Drosophila subpulchrella XP 037714147.1 uncharacterized protein CG1339
Drosophila biarmipes XP 016957855.1 uncharacterized protein CG1339
Drosophila takahashii XP 017014839.2 uncharacterized protein CG1339
Drosophila eugracilis XP 017077871.1 uncharacterized protein CG1339
Drosophila ficusphila XP 017061321.1 uncharacterized protein CG1339
Drosophila rhopaloa XP 016989699.1 uncharacterized protein CG1339
Drosophila kikkawai XP 017033646.1 uncharacterized protein CG1339
Drosophila subobscura XP 034669559.1 uncharacterized protein CG1339
Drosophila guanche XP 034135028.1 uncharacterized protein CG1339
Drosophila obscura XP 022234912.2 uncharacterized protein CG1339
Drosophila pseudoobscura XP 002133357.2 uncharacterized protein CG1339
Drosophila persimilis XP 002019266.1 uncharacterized protein CG1339
Drosophila miranda XP 017152205.1 uncharacterized protein CG1339
Drosophila willistoni XP 023031421.1 uncharacterized protein CG1339
Drosophila mojavensis XP 032585139.1 uncharacterized protein CG1339
Drosophila navojoa XP 030243013.1 uncharacterized protein CG1339
Drosophila hydei XP 023175050.2 uncharacterized protein CG1339-like
Drosophila virilis XP 002051340.2 uncharacterized protein CG1339
Drosophila albomicans XP 034098821.1 uncharacterized protein CG1339-like
Drosophila albomicans XP 034098824.1 uncharacterized protein CG1339-like
Drosophila innubila XP 034474217.1 uncharacterized protein CG1339
Drosophila busckii XP 017851843.1 uncharacterized protein CG1339
Drosophila yakuba XP 002092563.1 putative gustatory receptor 59d
Drosophila santomea XP 039480870.1 putative gustatory receptor 59d
Drosophila teissieri XP 043645021.1 putative gustatory receptor 59d
Drosophila erecta XP 001976352.1 putative gustatory receptor 59d
Drosophila mauritiana XP 033153785.1 putative gustatory receptor 59d
Drosophila simulans XP 002076393.1 putative gustatory receptor 59d
Drosophila sechellia XP 002040031.1 putative gustatory receptor 59d
Drosophila melanogaster NP 611758.2 gustatory receptor 59d
Drosophila suzukii XP 016941724.2 putative gustatory receptor 59d
Drosophila subpulchrella XP 037717579.1 putative gustatory receptor 59d
Drosophila biarmipes XP 016946806.1 putative gustatory receptor 59d
Drosophila takahashii XP 044249251.1 putative gustatory receptor 59d
Drosophila takahashii XP 017005882.2 putative gustatory receptor 59d
Drosophila elegans XP 017119321.2 putative gustatory receptor 59d
Drosophila elegans XP 041563808.1 putative gustatory receptor 59d
Drosophila ficusphila XP 017053803.1 putative gustatory receptor 59d
Drosophila ficusphila XP 017053787.1 putative gustatory receptor 59d
Drosophila eugracilis XP 017077381.2 putative gustatory receptor 59d
Drosophila subpulchrella XP 037710383.1 putative gustatory receptor 59d
Drosophila subpulchrella XP 037714088.1 putative gustatory receptor 59d
Drosophila biarmipes XP 043948148.2 putative gustatory receptor 59d
Drosophila biarmipes XP 043948220.1 putative gustatory receptor 59d
Drosophila biarmipes XP 050743335.1 putative gustatory receptor 59d
Drosophila biarmipes XP 016946470.1 putative gustatory receptor 59d
Drosophila biarmipes XP 043948036.1 putative gustatory receptor 59d
Drosophila suzukii XP 016927538.1 putative gustatory receptor 59d
Drosophila suzukii XP 016930765.2 putative gustatory receptor 59d
Drosophila mauritiana XP 033153787.1 putative gustatory receptor 59d isoform X2
Drosophila mauritiana XP 033153788.1 putative gustatory receptor 59d isoform X3
Drosophila mauritiana XP 033153786.1 putative gustatory receptor 59d isoform X1
Drosophila biarmipes XP 043948029.1 putative gustatory receptor 59d isoform X1
Drosophila biarmipes XP 043948030.1 putative gustatory receptor 59d isoform X2
Drosophila rhopaloa XP 016972008.1 putative gustatory receptor 59d
Drosophila rhopaloa XP 016972009.2 putative gustatory receptor 59d
Drosophila elegans XP 017111557.1 putative gustatory receptor 59d
Drosophila kikkawai XP 017018860.2 putative gustatory receptor 59d
Drosophila serrata XP 020810052.1 putative gustatory receptor 59d
Drosophila bipectinata XP 017096417.2 putative gustatory receptor 59d
Drosophila ananassae XP 032306051.1 putative gustatory receptor 59d
Drosophila suzukii XP 036668919.1 putative gustatory receptor 59d
Drosophila subpulchrella XP 037716700.1 putative gustatory receptor 59d
Drosophila biarmipes XP 043948469.1 putative gustatory receptor 59d
Drosophila takahashii XP 044249058.1 putative gustatory receptor 59d
Drosophila takahashii XP 017005864.2 putative gustatory receptor 59d
Drosophila eugracilis XP 017077382.2 putative gustatory receptor 59d
Drosophila rhopaloa XP 016972003.2 putative gustatory receptor 59d
Drosophila kikkawai XP 017018781.2 putative gustatory receptor 59d
Drosophila serrata XP 020810046.1 putative gustatory receptor 59d
Drosophila bipectinata XP 043066184.1 putative gustatory receptor 59d
Drosophila ananassae XP 032306054.1 putative gustatory receptor 59d
Drosophila bipectinata XP 017096419.2 putative gustatory receptor 59d
Drosophila ananassae XP 044571256.1 putative gustatory receptor 59d
Drosophila pseudoobscura XP 001360400.3 putative gustatory receptor 59d
Drosophila persimilis XP 002015883.1 putative gustatory receptor 59d
Drosophila miranda XP 017145601.1 putative gustatory receptor 59d
Drosophila guanche XP 034142284.1 putative gustatory receptor 59d
Drosophila subobscura XP 034653144.1 putative gustatory receptor 59d
Drosophila obscura XP 022222391.2 putative gustatory receptor 59d
Drosophila willistoni XP 015034474.2 putative gustatory receptor 59d
Drosophila santomea XP 039483229.1 putative gustatory receptor 59c
Drosophila yakuba XP 002092562.1 putative gustatory receptor 59c
Drosophila teissieri XP 043643297.1 putative gustatory receptor 59c
Drosophila erecta XP 001976351.1 putative gustatory receptor 59c
Drosophila simulans XP 002082732.2 putative gustatory receptor 59c
Drosophila sechellia XP 002040030.1 putative gustatory receptor 59c
Drosophila mauritiana XP 033155703.1 putative gustatory receptor 59c
Drosophila melanogaster NP 726292.1 gustatory receptor 59c
Drosophila eugracilis XP 017077380.2 putative gustatory receptor 59c
Drosophila subpulchrella XP 037716699.1 putative gustatory receptor 59c
Drosophila subpulchrella XP 037716698.1 putative gustatory receptor 59c
Drosophila suzukii XP 016927537.1 putative gustatory receptor 59c
Drosophila biarmipes XP 016946469.1 putative gustatory receptor 59c
Drosophila takahashii XP 017005862.2 putative gustatory receptor 59c
Drosophila elegans XP 017111556.1 putative gustatory receptor 59c
Drosophila rhopaloa XP 016972007.1 putative gustatory receptor 59c
Drosophila ficusphila XP 017053789.1 putative gustatory receptor 59c
Drosophila takahashii XP 017005863.2 putative gustatory receptor 59c
Drosophila ananassae XP 001960354.1 putative gustatory receptor 59c
Drosophila bipectinata XP 017096416.2 putative gustatory receptor 59c
Drosophila serrata XP 020810053.1 putative gustatory receptor 59c
Drosophila kikkawai XP 017018782.1 putative gustatory receptor 59c
Drosophila subobscura XP 034650164.1 putative gustatory receptor 59c
Drosophila guanche XP 034141988.1 putative gustatory receptor 59c
Drosophila obscura XP 041449111.1 putative gustatory receptor 59c
Drosophila persimilis XP 002015884.1 putative gustatory receptor 59c
Drosophila pseudoobscura XP 001360399.3 putative gustatory receptor 59c
Drosophila miranda XP 017145602.1 putative gustatory receptor 59c
Drosophila willistoni XP 023037706.1 putative gustatory receptor 59d
Drosophila willistoni XP 046866510.1 putative gustatory receptor 59c
Drosophila arizonae XP 017864753.1 PREDICTED putative gustatory receptor 59d
Drosophila mojavensis XP 002006575.1 putative gustatory receptor 59d
Drosophila navojoa XP 017958568.2 putative gustatory receptor 59d
Drosophila hydei XP 023164178.2 putative gustatory receptor 59d
Drosophila novamexicana XP 030566351.1 putative gustatory receptor 59d
Drosophila virilis XP 002049038.3 putative gustatory receptor 59d
Drosophila grimshawi XP 001995275.3 putative gustatory receptor 59d
Drosophila virilis XP 032293158.1 putative gustatory receptor 59d
Drosophila novamexicana XP 030566352.1 putative gustatory receptor 59d
Drosophila grimshawi XP 001995276.2 putative gustatory receptor 59d
Drosophila innubila XP 034476144.1 putative gustatory receptor 59d
Drosophila albomicans XP 034102224.1 putative gustatory receptor 36a
Drosophila arizonae XP 017864752.1 PREDICTED putative gustatory receptor 59d
Drosophila mojavensis XP 043867171.1 LOW QUALITY PROTEIN putative gustatory receptor 59d
Drosophila navojoa XP 017958567.1 putative gustatory receptor 59d
Drosophila hydei XP 023164167.2 LOW QUALITY PROTEIN putative gustatory receptor 59d
Drosophila virilis XP 015030202.1 putative gustatory receptor 59d
Drosophila novamexicana XP 030566350.1 putative gustatory receptor 59d partial
Drosophila innubila XP 034476143.1 putative gustatory receptor 59d
Drosophila albomicans XP 034102225.1 putative gustatory receptor 59c
Drosophila busckii XP 017835366.1 putative gustatory receptor 59d
Drosophila arizonae XP 017864679.1 PREDICTED putative gustatory receptor 59d
Drosophila mojavensis XP 002006123.1 putative gustatory receptor 59d
Drosophila navojoa XP 030243505.1 putative gustatory receptor 59d
Drosophila hydei XP 023173496.2 putative gustatory receptor 59d
Drosophila novamexicana XP 030560555.1 putative gustatory receptor 59d partial
Drosophila virilis XP 002049719.3 putative gustatory receptor 59d partial
Drosophila albomicans XP 034101911.1 putative gustatory receptor 59d
Drosophila innubila XP 034475732.1 putative gustatory receptor 59d
Scaptodrosophila lebanonensis XP 030388036.1 putative gustatory receptor 59d
Stomoxys calcitrans XP 013116149.1 PREDICTED putative gustatory receptor 36b
Stomoxys calcitrans XP 013116147.1 PREDICTED putative gustatory receptor 36b
Stomoxys calcitrans XP 013100557.1 PREDICTED putative gustatory receptor 59c partial
Stomoxys calcitrans XP 013116150.1 PREDICTED putative gustatory receptor 59c
Stomoxys calcitrans XP 013116153.1 PREDICTED putative gustatory receptor 36c
Musca domestica XP 019890606.1 PREDICTED putative gustatory receptor 36c
Lucilia sericata XP 037811498.1 putative gustatory receptor 59d
Lucilia cuprina XP 046811707.1 putative gustatory receptor 36b
Lucilia cuprina XP 046811715.1 putative gustatory receptor 59d
Lucilia sericata XP 037811497.1 putative gustatory receptor 59d
Lucilia sericata XP 037811499.1 putative gustatory receptor 59d
Lucilia cuprina XP 023307903.2 putative gustatory receptor 59d
Lucilia sericata XP 037811500.1 putative gustatory receptor 59d
Musca domestica XP 019890603.1 PREDICTED putative gustatory receptor 36c
Bactrocera tryoni XP 039954328.1 putative gustatory receptor 36b
Bactrocera neohumeralis XP 050324586.1 putative gustatory receptor 36b
Bactrocera dorsalis XP 011206230.2 putative gustatory receptor 36b
Bactrocera oleae XP 014091912.2 putative gustatory receptor 36b
Ceratitis capitata XP 004534878.1 putative gustatory receptor 36b
Zeugodacus cucurbitae XP 028896999.1 putative gustatory receptor 36c
Bactrocera dorsalis XP 049308522.1 putative gustatory receptor 36c
Ceratitis capitata XP 004534883.1 putative gustatory receptor 36a
Teleopsis dalmanni XP 037941381.1 putative gustatory receptor 36a
Teleopsis dalmanni XP 037941380.1 putative gustatory receptor 59d
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Figure 3—figure supplement 8. Fully annotated species-aware trees for Gr36, Gr59, Grl36a, and Grl43a homologs. Trees are based on the maximum 
likelihood (left) and Bayesian (right) trees. Branches without support values were eligible for rearrangement.
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Drosophila sechellia XP 032583400.1 putative gustatory receptor 36a
Drosophila simulans XP 002079710.2 putative gustatory receptor 36a
Drosophila mauritiana XP 033174233.1 LOW QUALITY PROTEIN putative gustatory receptor 36a partial
Drosophila melanogaster NP 724038.2 gustatory receptor 36a
Drosophila ficusphila XP 017052243.2 putative gustatory receptor 36a
Drosophila ficusphila XP 017050485.2 putative gustatory receptor 36a
Drosophila ficusphila XP 017052217.1 putative gustatory receptor 36a
Drosophila ficusphila XP 043064820.1 putative gustatory receptor 36a
Drosophila bipectinata XP 043069729.1 putative gustatory receptor 36a
Drosophila ananassae XP 032307443.1 putative gustatory receptor 36a
Drosophila ananassae XP 044572165.1 putative gustatory receptor 36c
Drosophila bipectinata XP 043069728.1 putative gustatory receptor 36a
Drosophila serrata XP 020803056.1 putative gustatory receptor 36c
Drosophila serrata XP 020809180.1 putative gustatory receptor 36c
Drosophila kikkawai XP 017025364.1 putative gustatory receptor 36c
Drosophila kikkawai XP 017025363.1 putative gustatory receptor 36c
Drosophila serrata XP 020809183.1 putative gustatory receptor 36a
Drosophila ficusphila XP 017052230.2 putative gustatory receptor 36b
Drosophila ficusphila XP 017052255.2 putative gustatory receptor 36c
Drosophila rhopaloa XP 016982917.2 putative gustatory receptor 36a
Drosophila elegans XP 017134100.1 putative gustatory receptor 36a
Drosophila bipectinata XP 017107024.2 putative gustatory receptor 36b
Drosophila ananassae XP 001961724.3 putative gustatory receptor 36b
Drosophila ananassae XP 032307444.2 putative gustatory receptor 36a
Drosophila bipectinata XP 043069727.1 putative gustatory receptor 36a
Drosophila bipectinata XP 043069860.1 putative gustatory receptor 36a
Drosophila ananassae XP 001961722.1 putative gustatory receptor 36a
Drosophila eugracilis XP 017086567.2 putative gustatory receptor 36a
Drosophila biarmipes XP 050740938.1 putative gustatory receptor 36b
Drosophila biarmipes XP 043950210.2 putative gustatory receptor 36b
Drosophila biarmipes XP 043950313.1 putative gustatory receptor 36b
Drosophila rhopaloa XP 016982915.2 putative gustatory receptor 36b
Drosophila ficusphila XP 043065387.1 putative gustatory receptor 36a
Drosophila eugracilis XP 017086601.1 putative gustatory receptor 36b
Drosophila takahashii XP 017004948.2 putative gustatory receptor 36b
Drosophila biarmipes XP 016963445.1 putative gustatory receptor 36b
Drosophila suzukii XP 016933589.1 putative gustatory receptor 36b
Drosophila subpulchrella XP 037711828.1 putative gustatory receptor 36b
Drosophila melanogaster NP 724039.1 gustatory receptor 36b
Drosophila mauritiana XP 033173344.1 putative gustatory receptor 36b
Drosophila simulans XP 002079711.1 putative gustatory receptor 36b
Drosophila sechellia XP 032569810.1 putative gustatory receptor 36b
Drosophila erecta XP 001974463.3 LOW QUALITY PROTEIN putative gustatory receptor 36b
Drosophila teissieri XP 043644883.1 putative gustatory receptor 36b
Drosophila santomea XP 039483794.1 putative gustatory receptor 36b
Drosophila yakuba XP 002090482.1 putative gustatory receptor 36b
Drosophila kikkawai XP 017025555.1 putative gustatory receptor 36a
Drosophila serrata XP 020809237.1 putative gustatory receptor 36a
Drosophila rhopaloa XP 016982916.2 putative gustatory receptor 36c
Drosophila elegans XP 017134052.2 putative gustatory receptor 36c
Drosophila elegans XP 017134054.1 putative gustatory receptor 36c
Drosophila takahashii XP 017004940.2 putative gustatory receptor 36c
Drosophila biarmipes XP 016963032.1 putative gustatory receptor 36c
Drosophila subpulchrella XP 037708466.1 putative gustatory receptor 36c
Drosophila suzukii XP 036678610.1 putative gustatory receptor 36c isoform X2
Drosophila suzukii XP 016934089.1 putative gustatory receptor 36c isoform X1
Drosophila eugracilis XP 017086566.1 putative gustatory receptor 36c
Drosophila melanogaster NP 724040.1 gustatory receptor 36c
Drosophila mauritiana XP 033173959.1 putative gustatory receptor 36c
Drosophila simulans XP 002079712.2 putative gustatory receptor 36c
Drosophila sechellia XP 002038896.1 putative gustatory receptor 36c
Drosophila erecta XP 001974462.2 putative gustatory receptor 36c
Drosophila teissieri XP 043644886.1 putative gustatory receptor 36c
Drosophila santomea XP 039482354.1 putative gustatory receptor 36c
Drosophila yakuba XP 002090481.3 putative gustatory receptor 36c
Drosophila eugracilis XP 017086602.2 putative gustatory receptor 36a
Drosophila takahashii XP 016993858.2 putative gustatory receptor 36a
Drosophila biarmipes XP 016963440.1 putative gustatory receptor 36a
Drosophila takahashii XP 017004949.2 putative gustatory receptor 36a
Drosophila suzukii XP 016935022.1 putative gustatory receptor 36a
Drosophila subpulchrella XP 037711817.1 putative gustatory receptor 36a
Drosophila biarmipes XP 016963385.1 putative gustatory receptor 36a
Drosophila takahashii XP 044249639.1 putative gustatory receptor 36a
Drosophila biarmipes XP 043950065.2 putative gustatory receptor 36a
Drosophila subpulchrella XP 037708462.1 putative gustatory receptor 36a
Drosophila subpulchrella XP 037708463.1 putative gustatory receptor 36a
Drosophila subobscura XP 034668350.1 putative gustatory receptor 36c
Drosophila subobscura XP 034667746.1 putative gustatory receptor 36a
Drosophila guanche XP 034129583.1 putative gustatory receptor 36c
Drosophila obscura XP 022228042.2 putative gustatory receptor 36a
Drosophila persimilis XP 002028510.1 putative gustatory receptor 36a
Drosophila pseudoobscura XP 001355878.2 putative gustatory receptor 36a
Drosophila miranda XP 017150891.2 putative gustatory receptor 36a
Drosophila sechellia XP 002038898.2 LOW QUALITY PROTEIN uncharacterized protein CG31750
Drosophila simulans XP 002079713.3 uncharacterized protein CG31750
Drosophila mauritiana XP 033151184.1 uncharacterized protein CG31750
Drosophila melanogaster NP 724041.1 uncharacterized protein Dmel CG31750
Drosophila yakuba XP 043062897.1 LOW QUALITY PROTEIN uncharacterized protein CG31750
Drosophila teissieri XP 043644915.1 uncharacterized protein CG31750
Drosophila erecta XP 001974461.1 uncharacterized protein CG31750
Drosophila takahashii XP 017004943.1 uncharacterized protein CG31750
Drosophila takahashii XP 017004944.2 uncharacterized protein CG31750-like
Drosophila subpulchrella XP 037708465.1 uncharacterized protein CG31750
Drosophila suzukii XP 016933963.1 uncharacterized protein CG31750
Drosophila biarmipes XP 016963336.1 uncharacterized protein CG31750 isoform X1
Drosophila takahashii XP 044249559.1 uncharacterized protein CG31750-like
Drosophila yakuba XP 002090483.2 uncharacterized protein CG31750
Drosophila teissieri XP 043644917.1 uncharacterized protein CG31750-like
Drosophila erecta XP 001974464.2 uncharacterized protein CG31750
Drosophila bipectinata XP 043069726.1 uncharacterized protein CG31750
Drosophila kikkawai XP 017025365.1 uncharacterized protein CG31750-like
Drosophila kikkawai XP 017025366.1 uncharacterized protein CG31750-like
Drosophila kikkawai XP 017025368.1 uncharacterized protein CG31750-like
Drosophila pseudoobscura XP 001355880.3 uncharacterized protein CG31750
Drosophila persimilis XP 002028509.1 uncharacterized protein CG31750
Drosophila miranda XP 017150890.2 uncharacterized protein CG31750
Drosophila guanche XP 034128550.1 uncharacterized protein CG31750
Drosophila subobscura XP 034667748.1 uncharacterized protein CG31750
Drosophila obscura XP 022228023.2 uncharacterized protein CG31750
Drosophila bipectinata XP 017099407.2 uncharacterized protein CG1339
Drosophila ananassae XP 032309223.1 uncharacterized protein CG1339
Drosophila kikkawai XP 017026101.1 uncharacterized protein CG1339-like
Drosophila grimshawi XP 032592453.1 uncharacterized protein CG31750-like
Drosophila grimshawi XP 043070523.1 uncharacterized protein CG31750 isoform X2
Drosophila hydei XP 030080387.1 uncharacterized protein CG31750-like
Drosophila mojavensis XP 032584457.1 uncharacterized protein CG31750
Drosophila arizonae XP 017856849.1 PREDICTED uncharacterized protein CG31750
Drosophila virilis XP 032294383.1 uncharacterized protein CG31750
Drosophila hydei XP 023170503.2 uncharacterized protein CG31750-like
Drosophila sechellia XP 002032779.2 uncharacterized protein CG1339
Drosophila simulans XP 002076208.2 uncharacterized protein CG1339
Drosophila mauritiana XP 033156223.1 uncharacterized protein CG1339
Drosophila melanogaster NP 610307.2 uncharacterized protein Dmel CG1339
Drosophila santomea XP 039502721.1 uncharacterized protein CG1339
Drosophila yakuba XP 002089503.1 uncharacterized protein CG1339
Drosophila teissieri XP 043641565.1 uncharacterized protein CG1339
Drosophila erecta XP 001970596.1 uncharacterized protein CG1339
Drosophila suzukii XP 016940643.1 uncharacterized protein CG1339
Drosophila subpulchrella XP 037714147.1 uncharacterized protein CG1339
Drosophila biarmipes XP 016957855.1 uncharacterized protein CG1339
Drosophila takahashii XP 017014839.2 uncharacterized protein CG1339
Drosophila eugracilis XP 017077871.1 uncharacterized protein CG1339
Drosophila ficusphila XP 017061321.1 uncharacterized protein CG1339
Drosophila rhopaloa XP 016989699.1 uncharacterized protein CG1339
Drosophila kikkawai XP 017033646.1 uncharacterized protein CG1339
Drosophila subobscura XP 034669559.1 uncharacterized protein CG1339
Drosophila guanche XP 034135028.1 uncharacterized protein CG1339
Drosophila obscura XP 022234912.2 uncharacterized protein CG1339
Drosophila pseudoobscura XP 002133357.2 uncharacterized protein CG1339
Drosophila persimilis XP 002019266.1 uncharacterized protein CG1339
Drosophila miranda XP 017152205.1 uncharacterized protein CG1339
Drosophila willistoni XP 023031421.1 uncharacterized protein CG1339
Drosophila mojavensis XP 032585139.1 uncharacterized protein CG1339
Drosophila navojoa XP 030243013.1 uncharacterized protein CG1339
Drosophila hydei XP 023175050.2 uncharacterized protein CG1339-like
Drosophila virilis XP 002051340.2 uncharacterized protein CG1339
Drosophila albomicans XP 034098821.1 uncharacterized protein CG1339-like
Drosophila albomicans XP 034098824.1 uncharacterized protein CG1339-like
Drosophila innubila XP 034474217.1 uncharacterized protein CG1339
Drosophila busckii XP 017851843.1 uncharacterized protein CG1339
Drosophila yakuba XP 002092563.1 putative gustatory receptor 59d
Drosophila santomea XP 039480870.1 putative gustatory receptor 59d
Drosophila teissieri XP 043645021.1 putative gustatory receptor 59d
Drosophila erecta XP 001976352.1 putative gustatory receptor 59d
Drosophila mauritiana XP 033153785.1 putative gustatory receptor 59d
Drosophila simulans XP 002076393.1 putative gustatory receptor 59d
Drosophila sechellia XP 002040031.1 putative gustatory receptor 59d
Drosophila melanogaster NP 611758.2 gustatory receptor 59d
Drosophila takahashii XP 044249251.1 putative gustatory receptor 59d
Drosophila takahashii XP 017005882.2 putative gustatory receptor 59d
Drosophila elegans XP 017119321.2 putative gustatory receptor 59d
Drosophila elegans XP 041563808.1 putative gustatory receptor 59d
Drosophila biarmipes XP 016946806.1 putative gustatory receptor 59d
Drosophila suzukii XP 016941724.2 putative gustatory receptor 59d
Drosophila subpulchrella XP 037717579.1 putative gustatory receptor 59d
Drosophila ficusphila XP 017053803.1 putative gustatory receptor 59d
Drosophila ficusphila XP 017053787.1 putative gustatory receptor 59d
Drosophila eugracilis XP 017077381.2 putative gustatory receptor 59d
Drosophila subpulchrella XP 037710383.1 putative gustatory receptor 59d
Drosophila subpulchrella XP 037714088.1 putative gustatory receptor 59d
Drosophila biarmipes XP 043948148.2 putative gustatory receptor 59d
Drosophila biarmipes XP 043948220.1 putative gustatory receptor 59d
Drosophila biarmipes XP 016946470.1 putative gustatory receptor 59d
Drosophila biarmipes XP 050743335.1 putative gustatory receptor 59d
Drosophila biarmipes XP 043948036.1 putative gustatory receptor 59d
Drosophila suzukii XP 016927538.1 putative gustatory receptor 59d
Drosophila suzukii XP 016930765.2 putative gustatory receptor 59d
Drosophila mauritiana XP 033153787.1 putative gustatory receptor 59d isoform X2
Drosophila mauritiana XP 033153788.1 putative gustatory receptor 59d isoform X3
Drosophila mauritiana XP 033153786.1 putative gustatory receptor 59d isoform X1
Drosophila biarmipes XP 043948029.1 putative gustatory receptor 59d isoform X1
Drosophila biarmipes XP 043948030.1 putative gustatory receptor 59d isoform X2
Drosophila rhopaloa XP 016972008.1 putative gustatory receptor 59d
Drosophila rhopaloa XP 016972009.2 putative gustatory receptor 59d
Drosophila elegans XP 017111557.1 putative gustatory receptor 59d
Drosophila kikkawai XP 017018860.2 putative gustatory receptor 59d
Drosophila serrata XP 020810052.1 putative gustatory receptor 59d
Drosophila bipectinata XP 017096417.2 putative gustatory receptor 59d
Drosophila ananassae XP 032306051.1 putative gustatory receptor 59d
Drosophila suzukii XP 036668919.1 putative gustatory receptor 59d
Drosophila subpulchrella XP 037716700.1 putative gustatory receptor 59d
Drosophila biarmipes XP 043948469.1 putative gustatory receptor 59d
Drosophila takahashii XP 044249058.1 putative gustatory receptor 59d
Drosophila takahashii XP 017005864.2 putative gustatory receptor 59d
Drosophila eugracilis XP 017077382.2 putative gustatory receptor 59d
Drosophila rhopaloa XP 016972003.2 putative gustatory receptor 59d
Drosophila kikkawai XP 017018781.2 putative gustatory receptor 59d
Drosophila serrata XP 020810046.1 putative gustatory receptor 59d
Drosophila bipectinata XP 043066184.1 putative gustatory receptor 59d
Drosophila ananassae XP 032306054.1 putative gustatory receptor 59d
Drosophila bipectinata XP 017096419.2 putative gustatory receptor 59d
Drosophila ananassae XP 044571256.1 putative gustatory receptor 59d
Drosophila pseudoobscura XP 001360400.3 putative gustatory receptor 59d
Drosophila persimilis XP 002015883.1 putative gustatory receptor 59d
Drosophila miranda XP 017145601.1 putative gustatory receptor 59d
Drosophila guanche XP 034142284.1 putative gustatory receptor 59d
Drosophila subobscura XP 034653144.1 putative gustatory receptor 59d
Drosophila obscura XP 022222391.2 putative gustatory receptor 59d
Drosophila willistoni XP 015034474.2 putative gustatory receptor 59d
Drosophila obscura XP 041449111.1 putative gustatory receptor 59c
Drosophila subobscura XP 034650164.1 putative gustatory receptor 59c
Drosophila guanche XP 034141988.1 putative gustatory receptor 59c
Drosophila miranda XP 017145602.1 putative gustatory receptor 59c
Drosophila persimilis XP 002015884.1 putative gustatory receptor 59c
Drosophila pseudoobscura XP 001360399.3 putative gustatory receptor 59c
Drosophila serrata XP 020810053.1 putative gustatory receptor 59c
Drosophila kikkawai XP 017018782.1 putative gustatory receptor 59c
Drosophila ananassae XP 001960354.1 putative gustatory receptor 59c
Drosophila bipectinata XP 017096416.2 putative gustatory receptor 59c
Drosophila takahashii XP 017005863.2 putative gustatory receptor 59c
Drosophila ficusphila XP 017053789.1 putative gustatory receptor 59c
Drosophila elegans XP 017111556.1 putative gustatory receptor 59c
Drosophila rhopaloa XP 016972007.1 putative gustatory receptor 59c
Drosophila takahashii XP 017005862.2 putative gustatory receptor 59c
Drosophila biarmipes XP 016946469.1 putative gustatory receptor 59c
Drosophila suzukii XP 016927537.1 putative gustatory receptor 59c
Drosophila subpulchrella XP 037716699.1 putative gustatory receptor 59c
Drosophila subpulchrella XP 037716698.1 putative gustatory receptor 59c
Drosophila eugracilis XP 017077380.2 putative gustatory receptor 59c
Drosophila melanogaster NP 726292.1 gustatory receptor 59c
Drosophila simulans XP 002082732.2 putative gustatory receptor 59c
Drosophila mauritiana XP 033155703.1 putative gustatory receptor 59c
Drosophila sechellia XP 002040030.1 putative gustatory receptor 59c
Drosophila erecta XP 001976351.1 putative gustatory receptor 59c
Drosophila teissieri XP 043643297.1 putative gustatory receptor 59c
Drosophila santomea XP 039483229.1 putative gustatory receptor 59c
Drosophila yakuba XP 002092562.1 putative gustatory receptor 59c
Drosophila willistoni XP 023037706.1 putative gustatory receptor 59d
Drosophila willistoni XP 046866510.1 putative gustatory receptor 59c
Drosophila arizonae XP 017864753.1 PREDICTED putative gustatory receptor 59d
Drosophila mojavensis XP 002006575.1 putative gustatory receptor 59d
Drosophila navojoa XP 017958568.2 putative gustatory receptor 59d
Drosophila hydei XP 023164178.2 putative gustatory receptor 59d
Drosophila novamexicana XP 030566351.1 putative gustatory receptor 59d
Drosophila virilis XP 002049038.3 putative gustatory receptor 59d
Drosophila grimshawi XP 001995275.3 putative gustatory receptor 59d
Drosophila virilis XP 032293158.1 putative gustatory receptor 59d
Drosophila novamexicana XP 030566352.1 putative gustatory receptor 59d
Drosophila grimshawi XP 001995276.2 putative gustatory receptor 59d
Drosophila innubila XP 034476144.1 putative gustatory receptor 59d
Drosophila albomicans XP 034102224.1 putative gustatory receptor 36a
Drosophila arizonae XP 017864752.1 PREDICTED putative gustatory receptor 59d
Drosophila mojavensis XP 043867171.1 LOW QUALITY PROTEIN putative gustatory receptor 59d
Drosophila navojoa XP 017958567.1 putative gustatory receptor 59d
Drosophila hydei XP 023164167.2 LOW QUALITY PROTEIN putative gustatory receptor 59d
Drosophila virilis XP 015030202.1 putative gustatory receptor 59d
Drosophila novamexicana XP 030566350.1 putative gustatory receptor 59d partial
Drosophila innubila XP 034476143.1 putative gustatory receptor 59d
Drosophila albomicans XP 034102225.1 putative gustatory receptor 59c
Drosophila busckii XP 017835366.1 putative gustatory receptor 59d
Drosophila arizonae XP 017864679.1 PREDICTED putative gustatory receptor 59d
Drosophila mojavensis XP 002006123.1 putative gustatory receptor 59d
Drosophila navojoa XP 030243505.1 putative gustatory receptor 59d
Drosophila hydei XP 023173496.2 putative gustatory receptor 59d
Drosophila novamexicana XP 030560555.1 putative gustatory receptor 59d partial
Drosophila virilis XP 002049719.3 putative gustatory receptor 59d partial
Drosophila albomicans XP 034101911.1 putative gustatory receptor 59d
Drosophila innubila XP 034475732.1 putative gustatory receptor 59d
Scaptodrosophila lebanonensis XP 030388036.1 putative gustatory receptor 59d
Stomoxys calcitrans XP 013116147.1 PREDICTED putative gustatory receptor 36b
Stomoxys calcitrans XP 013100557.1 PREDICTED putative gustatory receptor 59c partial
Stomoxys calcitrans XP 013116149.1 PREDICTED putative gustatory receptor 36b
Stomoxys calcitrans XP 013116150.1 PREDICTED putative gustatory receptor 59c
Musca domestica XP 019890606.1 PREDICTED putative gustatory receptor 36c
Stomoxys calcitrans XP 013116153.1 PREDICTED putative gustatory receptor 36c
Lucilia sericata XP 037811498.1 putative gustatory receptor 59d
Lucilia cuprina XP 046811707.1 putative gustatory receptor 36b
Lucilia cuprina XP 046811715.1 putative gustatory receptor 59d
Lucilia sericata XP 037811497.1 putative gustatory receptor 59d
Lucilia sericata XP 037811499.1 putative gustatory receptor 59d
Lucilia cuprina XP 023307903.2 putative gustatory receptor 59d
Lucilia sericata XP 037811500.1 putative gustatory receptor 59d
Musca domestica XP 019890603.1 PREDICTED putative gustatory receptor 36c
Bactrocera tryoni XP 039954328.1 putative gustatory receptor 36b
Bactrocera neohumeralis XP 050324586.1 putative gustatory receptor 36b
Bactrocera dorsalis XP 011206230.2 putative gustatory receptor 36b
Bactrocera oleae XP 014091912.2 putative gustatory receptor 36b
Ceratitis capitata XP 004534878.1 putative gustatory receptor 36b
Zeugodacus cucurbitae XP 028896999.1 putative gustatory receptor 36c
Bactrocera dorsalis XP 049308522.1 putative gustatory receptor 36c
Ceratitis capitata XP 004534883.1 putative gustatory receptor 36a
Teleopsis dalmanni XP 037941381.1 putative gustatory receptor 36a
Teleopsis dalmanni XP 037941380.1 putative gustatory receptor 59d

Grl36a

Gr36

Gr59

non-drosophilid
homologs

Grl43a

Figure 3—figure supplement 9. Strict consensus of the species-aware trees for Gr36, Gr59, Grl36a, and Grl43a 
homologs. Although the consensus tree has a polytomy near the emergence of Gr59, this is strictly due to 
disagreement as to whether the lone Scaptodrosophila sequence is a Gr59 homolog or an outgroup to all other 
Drosophila/Sophophora sequences shown here.
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Figure 4. A hypothesis for the evolution of the seven transmembrane domain ion channel (7TMIC) superfamily. 
(A) Sequence similarity network of the 7TMIC superfamily, generated using the same odorant receptors (Ors) and 
gustatory receptors (Grs) from Figure 3B, unicellular eukaryotic Grls from Benton et al., 2020, and sequence 
databases assembled using the following query sequences: N. vectensis GRL1, D. melanogaster Grls and Phtf, 

Figure 4 continued on next page
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H. sapiens PHTF1 and PHTF2, Arabidopsis thaliana Domain of Unknown Function (DUF) 3537, C. elegans SRRs 
and trypanosome GRLs. The network was generated and visualized as in Figure 3B. The graph splitting tree is 
visualized in Figure 4—figure supplement 1. (B) Presence and absence of 7TMICs across taxa: ‘other animal GRL’ 
refers to GRLs in non-insect animal species previously identified by primary sequence similarity (Benton, 2015; 
Robertson, 2015; Saina et al., 2015) and nematode SRRs. The dashed branch represents several collapsed 
paraphyletic clades. (C) Model of 7TMIC superfamily evolution. The dashed branches represent several collapsed 
paraphyletic clades and speciation events. The trypanosome 7TMICs are unplaced due to the currently unresolved 
taxonomy of trypanosomes (Burki et al., 2020).

Figure 4 continued
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Figure 4—figure supplement 1. Graph splitting tree for the proposed seven transmembrane domain ion channel (7TMIC) superfamily. Key edge 
perturbation support values are visible on branches. The inset shows major collapsed clades, where the triangular tip is sized proportionally to the 
number of sequences collapsed. This tree suggests a different branching pattern than the hypothesis in Figure 4C, consistent with a more complex 
duplication/loss history for the 7TMIC superfamily. However, as in Figure 3—figure supplement 5, we suspect long branch attraction is present in this 
analysis, at least for the fly Grls and nematode proteins.


