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Supplementary methods

Cell culture and transfection

Human embryonic kidney 293T (HEK293T) cells were cultured in a 5% CO2 incubator at 37°C in Dulbecco’s modified 

Eagle’s medium (Sigma-Aldrich) supplemented with 10% foetal bovine serum (Sigma-Aldrich). The expression vector 

of TAS2R16 was transfected into HEK293T cells with Gα16/gust44 [1] using Lipofectamine 2000 (Thermo Fisher 

Scientific, Waltham, MA).

Calcium assay

Transfected cells were transferred to a 96-well Black with Clear Flat Bottom Corning CellBIND Surface plate (Corning, 

Inc., Corning, NY) 6 h after transfection. The cells were incubated for 16–18 h, rinsed with assay buffer (130 mM NaCl, 

10 mM glucose, 5 mM KCl, 2 mM CaCl₂, 1.2 mM MgCl₂, 10 mM HEPES, pH 7.4), supplemented with 100 μl of 

Calcium 4 (Molecular Devices, Sunnyvale, CA) diluted two-fold with assay buffer as a calcium indicator, and incubated 

for 40 min at 27°C. Fluorescence at 525 nm following excitation at 485 nm was measured at 2-s intervals for 120 s at 

27°C using FlexStation3 (Molecular Devices). Background fluorescence was measured for the first 20 s, then 100 μl of 

2× test compound solution was added, and scanning was continued for an additional 100 s. Final concentrations of 

salicin and phenyl β-d-glucopyranoside (β-glucoside #1) were set to 0, 0.25, 1, 2.5, 5, 10, 20, and 40 mM, and those of 

arbutin, 4-nitrophenyl β-d-glucopyranoside (β-glucoside #2), and 4-methoxyphenyl β-d-glucopyranoside (β-glucoside 

#3) were set to 0, 0.25, 1, 2.5, 5, and 10 mM. Data were collected from 3–4 independent experiments. The calcium 

response is expressed as the normalised peak response (F) relative to background fluorescence (F0): ΔF/F (= [F- F0]/F0). 

The response of cells transfected with the empty pEAK10 vector (no insert) and Gα16/gust44 was defined as the TAS2R-

indipendent response and was subtracted from all responses. ΔF/F values were fitted to the nonlinear regression model 

(y = min + [(max − min)/(1 + x/EC50)
h]), where x is the test compound concentration and h is the Hill coefficient. EC50

values and IC50 values were estimated by nonlinear regression model fitting using the drc package in R [2] and were 

compared among species by one-way ANOVA followed by Welch’s tests with the BH correction.

IP1 assay

Because IP3 (inositol triphosphate), the second messenger of TAS2Rs, is quite short-lived, inositol dephosphorylation 

was stopped at IP1 (inositol phosphate), a metabolite of IP3, by adding LiCl; the concentration of accumulated IP1 was 

measured by an immunoassay using the IP-One-Gq Kit (Cisbio, Codolet, France). Transfected cells were transferred to 

a 384-well plate (Greiner, Monroe, NC) 6 h after transfection. The cells were incubated for 12–14 h, rinsed with 

Stimulation Buffer, supplemented with 20 μl of Stimulation Buffer from the IP-One-Gq Kit and supplemented with 8 μl 

of 3.5× arbutin solution or Stimulation Buffer. After 60 min of incubation at 37°C in a 5% CO2 incubator, the cells were 

supplemented with 4 μl of d2-conjugated IP1 and Tb cryptate-conjugated anti-IP1 antibodies, both from the IP-One-Gq 

Kit, and prepared in the cell lysis buffer supplied in the kit. After 60 min of incubation at room temperature, plates were 

read on the FlexStation3 using a fluorescence ratio (668 nm/620 nm), and the fluorescence ratio was converted to the 

IP1 concentration using the standard curve generated from known concentrations of IP1. Data were collected from 7–8 

independent experiments. IP1 production was compared among species and concentrations by Welch’s tests with the BH 

correction.

Identification of TAS2R16 orthologues from the genome assemblies

To identify TAS2R16 orthologues from the genome assemblies, a blastn search was performed using BLAST 2.8.0+ [3]. 

Reciprocal blastn against the human genome assembly GRCh38.p7 was performed to confirm whether the identified 

sequences are TAS2R16 orthologues. The open reading frames with minimal flanking sequences were evaluated using 

TOPCONS [4] for the presence of seven transmembrane domains.
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Table S1. Detailed information for the sources of genomic DNA and the subject of the behavioural assay

Genetic resource

Species Scientific name Provider Individual Sex Tissue Extraction kit

Ring-tailed lemur Lemur catta Japan Monkey Centre Pr5862 Female muscle DNAeasy Blood &Tissue Kit

Black lemur Eulemur macaco Japan Monkey Centre Pr6526 Female muscle DNAeasy Blood &Tissue Kit

Black-and-white ruffed lemur Varecia variegata Japan Monkey Centre Pr5649 Female muscle DNAeasy Blood &Tissue Kit

Brown lemur Eulemur fulvus Japan Monkey Centre Unknown Unknown faeces QIAamp Fast DNA Stool Mini Kit

Sunda slow loris Nycticebus coucang Japan Monkey Centre Pr6102 Female muscle DNAeasy Blood &Tissue Kit

Lesser slow loris Nycticebus pygmaeus Japan Monkey Centre Pr6568 Male muscle DNAeasy Blood &Tissue Kit

Senegal lesser galago Galago senegalensis Japan Monkey Centre Pr5790 Female muscle DNAeasy Blood &Tissue Kit

Potto Perodicticus potto Japan Monkey Centre Pr6581 Male muscle DNAeasy Blood &Tissue Kit

Sulawesi tarsier Tarsius tarsier Ueno Zoological Gardens Unknown Unknown faeces NucleoSpin DNA Stool Kit

Behavioural assay

Species Scientific name Housing Individual Sex Age

Black lemur Eulemur macaco Japan Monkey Centre 5278 ("San") Female over 20 yo
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Table S2. Genome assemblies of placental mammals for identifying TAS2R16 genes

Name Species Assembly Source * Reference

Human Homo sapiens GRCh38.p12 NCBI Genome Reference Consortium

Mangabey Cercocebus atys Caty_1.0 NCBI [14]

Green monkey Chlorocebus sabaeus Chlorocebus_sabeus 1.1 NCBI [15]

Snub-nosed monkey Rhinopithecus roxellana Rrox_v1 NCBI [16]

Proboscis monkey Nasalis larvatus Chaelie1.0 NCBI unpublished

Mouse lemur Microcebus murinus Mmur_3.0 NCBI [17]

Sclater’s lemur Eulemur flaviflons Eflavifronsk33QCA NCBI [18]

Flying lemur Galeopterus variegatus G_variegatus-3.0.2 NCBI unpublished

Chinese tree shrew Tupaia chinensis TupChi_1.0 NCBI [19]

Elephant Loxodonta africana Loxafr3.0 NCBI [17]

Manatee Trichechus manatus TriManLat1.0 NCBI [20]

Hyrax Procavia capensis Pcap_2.0 NCBI [17]

Tenrec Echinops telfairi EchTel2.0 NCBI [17]

* Web source: NCBI, National Center for Biotechnology Information (https://www.ncbi.nlm.nih.gov/).

References

14. 553, 77–

15. 25, 1921–

16. Zhou X 46, 1303–

17. Toh K 2011 A high 478, 476–

18.

24, 4392–

19. 4

20. 47, 272–
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Table S3. Amino acid residues at position 2627.35 and 2827.55 of TAS2R16 orthologues in placental mammals

Species Scientific name Order AA 2627.35 AA 2827.55 Accession number References

Human Homo sapiens Primates TTA/Leu CTG/Leu [21]

Chimpanzee Pan troglodytes verus Primates TTA/Leu CTG/Leu [21]

Bonobo Pan panicus Primates TTA/Leu CTG/Leu [21]

Gorilla Gorilla gorilla gorilla Primates TTA/Leu CTG/Leu [21]

Orangutan Pongo abelii Primates TTA/Leu CTG/Leu [21]

Gibbon Nomascus leucogenys Primates TTA/Leu CTG/Leu [21]

Mangabey Cercocebus atys Primates TTA/Leu CTG/Leu NW_012002290.1:21536045-21536920 [14]

Baboon Papio anubis Primates TTA/Leu CTG/Leu [21]

Rhesus macaque Macaca mulatta Primates TTA/Leu CTG/Leu [21]

Long-tailed macaque Macaca fascicularis Primates TTA/Leu CTG/Leu [21]

Green monkey Chlorocebus sabaeus Primates TTA/Leu CTG/Leu NC_023662.1:91783088-91783963 [15]

White-headed langur Trachypithecus leucocephalus Primates TTA/Leu CTG/Leu [23]

Snub-nosed monkey Rhinopithecus roxellana Primates TTA/Leu CTG/Leu NW_010807527.1:195193-196068 [16]

Proboscis monkey Nasalis larbatus Primates TTA/Leu CTG/Leu CM003011.1:147496274-147497149 unpublished

Marmoset Callithrix jacchus Primates TTA/Leu CTG/Leu [21]

Squirrel monkey * Saimiri boliviensis Primates TTA/Leu CTG/Leu [21]

Sulawesi tarsier Tarsius tarsier Primates TTC/Phe CTG/Leu DDBJ accession [LC415000] this study

Philippine tarsier Calrito syricata Primates TTC/Phe CTG/Leu [21]

Aye-aye Daubentonia madagascariensis Primates TTC/Phe TCG/Ser [21]

Mouse lemur Microcebus murinus Primates TTC/Phe TCG/Ser NW_012202341.1:735189-736094 [17]

Ruffed lemur Varecia variegata Primates TTC/Phe TCG/Ser DDBJ accession [LC414993] this study

Brown lemur Eulemur fulvus Primates TTC/Phe TCG/Ser DDBJ accession [LC414995] this study

Sclater’s lemur Eulemur flaviflons Primates TTC/Phe TCG/Ser LGHW01000662.1:100449-101354 [18]

Black lemur Eulemur macaco Primates TTC/Phe TCG/Ser DDBJ accession [LC414994] this study

Ring-tailed lemur Lemur catta Primates TTC/Phe TTG/Leu DDBJ accession [LC414992] this study

Sunda slow loris Nycticebus coucang Primates TAC/Tyr TCG/Ser DDBJ accession [LC414997] this study
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Pygmy slow loris Nycticebus pygmaeus Primates TAC/Tyr TCG/Ser DDBJ accession [LC414998] this study

Potto Perodicticus potto Primates TAC/Tyr TCG/Ser DDBJ accession [LC414996] this study

Lesser galago Galago senegalensis Primates TAC/Tyr GCA/Ala DDBJ accession [LC414999] this study

Greater galago Otolemur garnettii Primates TAC/Tyr GCA/Ala [21]

Flying lemur Galeopterus variegatus Dermoptera TAC/Tyr CTG/Leu NW_007726231.1:755116-756025 unpublished

Chinese tree shrew Tupaia chinensis Scandentia TTC/Phe CTG/Leu NW_006159737.1:2521943-2522848 [19]

Northern tree shrew Tupaia belangeri Scandentia TTC/Phe CTG/Leu [21]

Mouse Mus musculus strain C57BL/6J Rodentia TTC/Phe ATG/Met [21]

Rat Rattus norvegicus strain BN Rodentia TTC/Phe ATG/Met [21]

Hamster Cricetulus griseus Rodentia TTC/Phe ATG/Met [21]

Jerboa Jaculus jaculus Rodentia TTT/Phe CTG/Leu [21]

Guinea pig Cavia porcellus Rodentia TAC/Tyr ATG/Met [21]

Chinchilla Chinchilla lanigera Rodentia TTC/Phe CTG/Leu [21]

Degu Octodon degus Rodentia TCC/Ser CTG/Leu [21]

Naked mole rat Heterocephalus glaber Rodentia TGC/Cys CTG/Leu [21]

Squirrel Ictidomys tridecemlineatus Rodentia TAC/Tyr CTG/Leu [21]

Rabbit Oryctolagus cuniculus Lagomorpha TTC/Phe CTG/Leu [21]

Przewalskis horse Equus ferus przewalskii Perissodactyla TTC/Phe CTG/Leu [22]

Rhinoceros Ceratotherium simum Perissodactyla TAC/Tyr CTG/Leu [22]

Minke whale Balaenoptera acutorostrata Cetartiodactyla TTC/Phe CTG/Leu [22]

Wild goat Capra aegagrus Cetartiodactyla TTC/Phe CTG/Leu [22]

Goat Capra aegagrus hircus Cetartiodactyla TTC/Phe CTG/Leu [22]

Musimon Ovis aries musimon Cetartiodactyla TTC/Phe CTG/Leu [22]

Sheep Ovis aries Cetartiodactyla TTC/Phe CTG/Leu [22]

Yak Bos grunniens Cetartiodactyla TTC/Phe CTG/Leu [22]

Tibetan antelope Pantholops hodgsonii Cetartiodactyla TTC/Phe CTG/Leu [22]

Water buffalo Bubalus bubalis Cetartiodactyla TTC/Phe CTG/Leu [22]

Zebu Bos indicus Cetartiodactyla TTC/Phe CTG/Leu [22]
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Cow Bos taurus Cetartiodactyla TTC/Phe CTG/Leu [22]

Pig Sus scrofa Cetartiodactyla TTC/Phe CTG/Leu [22]

Alpaca Vicugna pacos Cetartiodactyla TTC/Phe CTG/Leu [22]

Big brown bat Eptesicus fuscus Chiroptera TTC/Phe CTG/Leu [22]

Brandt’s bat A Myotis brandtii Chiroptera TTC/Phe CTG/Leu [22]

Brandt’s bat B Myotis brandtii Chiroptera TTC/Phe CTG/Leu [22]

Brandt’s bat C Myotis brandtii Chiroptera TTC/Phe CTG/Leu [22]

Brandt’s bat D Myotis brandtii Chiroptera TTC/Phe CTG/Leu [22]

David’s myotis A Myotis davidii Chiroptera TTC/Phe CTG/Leu [22]

David’s myotis B Myotis davidii Chiroptera TTC/Phe CTG/Leu [22]

David’s myotis C Myotis davidii Chiroptera TTC/Phe CTG/Leu [22]

Little brown bat A Myotis lucifugus Chiroptera TTC/Phe CTG/Leu [22]

Little brown bat B Myotis lucifugus Chiroptera TTC/Phe CTG/Leu [22]

Little brown bat C Myotis lucifugus Chiroptera TTC/Phe CTG/Leu [22]

Little brown bat D Myotis lucifugus Chiroptera TTC/Phe CTG/Leu [22]

Black flying fox Pteropus alecto Chiroptera TTC/Phe ATG/Met [22]

Large flying fox Pteropus vampyrus Chiroptera TTC/Phe ATG/Met [22]

Elephant Loxodonta africana Afrotheria TTC/Phe CTG/Leu NW_003573425.1:92839824-92840705 [17]

Manatee Trichechus manatus Afrotheria TTC/Phe CTG/Leu NW_004444103.1:1665079-1665963 [20]

Hyrax A Procavia capensis Afrotheria TTC/Phe CTG/Leu KN676540.1:608280-609164 [17]

Hyrax C Procavia capensis Afrotheria TTA/Leu GCT/Ala KN676540.1:640492-641421 [17]

Hyrax D Procavia capensis Afrotheria TTC/Phe CTG/Leu KN676540.1:670412-671293 [17]

Hyrax E Procavia capensis Afrotheria TTC/Phe CTG/Leu KN676540.1:691196-692077 [17]

Hyrax G Procavia capensis Afrotheria TTC/Phe CTA/Leu KN676540.1:757022-757900 [17]

Hyrax H Procavia capensis Afrotheria TTC/Phe CTG/Leu KN676540.1:767557-768441 [17]

Hyrax I Procavia capensis Afrotheria TTC/Phe CTG/Leu KN676540.1:810168-811088 [17]

Hyrax J Procavia capensis Afrotheria TTC/Phe CTG/Leu KN676540.1:814538-815458 [17]

Hyrax K Procavia capensis Afrotheria TTC/Phe CTG/Leu KN676540.1:822452-823336 [17]
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Tenrec Echinops telfairi Afrotheria TTC/Phe CTG/Leu NW_004558729.1:15899598-15900497 [17]

* TAS2R16 of Squirrel monkey was pseudogenized.
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