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Inoue M, Glendinning JI, Theodorides ML, Harkness S, Li X,
Bosak N, Beauchamp GK, Bachmanov AA. Allelic variation of the
Tas1r3 taste receptor gene selectively affects taste responses to
sweeteners: evidence from 129.B6-Tas1r3 congenic mice. Physiol
Genomics 32: 82–94, 2007. First published October 2, 2007;
doi:10.1152/physiolgenomics.00161.2007.—The Tas1r3 gene en-
codes the T1R3 receptor protein, which is involved in sweet taste
transduction. To characterize ligand specificity of the T1R3 receptor
and the genetic architecture of sweet taste responsiveness, we ana-
lyzed taste responses of 129.B6-Tas1r3 congenic mice to a variety of
chemically diverse sweeteners and glucose polymers with three dif-
ferent measures: consumption in 48-h two-bottle preference tests,
initial licking responses, and responses of the chorda tympani nerve.
The results were generally consistent across the three measures.
Allelic variation of the Tas1r3 gene influenced taste responsiveness
to nonnutritive sweeteners (saccharin, acesulfame-K, sucralose,
SC-45647), sugars (sucrose, maltose, glucose, fructose), sugar
alcohols (erythritol, sorbitol), and some amino acids (D-tryptophan,
D-phenylalanine, L-proline). Tas1r3 genotype did not affect taste
responses to several sweet-tasting amino acids (L-glutamine, L-threo-
nine, L-alanine, glycine), glucose polymers (Polycose, maltooligosac-
charide), and nonsweet NaCl, HCl, quinine, monosodium glutamate,
and inosine 5�-monophosphate. Thus Tas1r3 polymorphisms affect
taste responses to many nutritive and nonnutritive sweeteners (all of
which must interact with a taste receptor involving T1R3), but not to
all carbohydrates and amino acids. In addition, we found that the
genetic architecture of sweet taste responsiveness changes depending
on the measure of taste response and the intensity of the sweet taste
stimulus. Variation in the T1R3 receptor influenced peripheral taste
responsiveness over a wide range of sweetener concentrations, but
behavioral responses to higher concentrations of some sweeteners
increasingly depended on mechanisms that could override input from
the peripheral taste system.

sweet taste; chorda tympani nerve; electrophysiology; lick responses;
preference; genetics

SWEETENERS INCLUDE a wide range of chemicals that elicit a
sucrose-like hedonically positive taste sensation in humans and
many other mammals (50). In vitro heterologous expression
experiments indicate that the initial step in sweet taste percep-
tion involves interaction with a dimer of T1R2 and T1R3, both
of which are G protein-coupled proteins expressed in taste

receptor cells (37, 43, 44). Because of the artificial nature of
these in vitro reporter systems, it is important to examine
ligand specificity of the sweet taste receptor in vivo as well. To
achieve this, we asked how polymorphisms of the mouse T1R3
gene, Tas1r3, affect taste responses to a chemically diverse
battery of sweeteners. We inferred that if a response to a
sweetener changes with Tas1r3 genotype, then that sweetener
must interact with a taste receptor involving T1R3. In addition
to sweeteners, we also tested Polycose and maltooligosaccha-
ride [glucose polymers that generate a taste qualitatively dis-
tinct from that of sucrose (58)] and other control nonsweet
tastants.

The activation of sweet-responsive taste cells evokes action
potentials in the afferent gustatory nerves. These responses are
relayed to brain structures involved in generation of sweet taste
sensation, which in turn activate feeding. The appetitive re-
sponse to sweeteners can be influenced not only by perception
of sweet taste but also by postoral (60) and motivational (59)
factors. Thus taste responses to sweeteners may have a com-
plex genetic architecture. To determine which components of
sweet taste processing are affected by variation of the sweet
taste receptor gene, we assessed the effects of Tas1r3 poly-
morphisms with three measures: sweetener consumption in
48-h two-bottle preference tests, initial licking responses, and
responses of the chorda tympani nerve.

The Tas1r3 gene corresponds to the mouse saccharin pref-
erence (Sac) locus (3). Several studies have compared inbred
mouse strains with different Tas1r3 genotypes to examine
effects of Sac/Tas1r3 allelic variation on sweet taste responses
(12, 19, 20, 24, 34, 38, 52, 59). However, because inbred mice
differ at many polymorphic genes, it is possible that some of
these strain differences are not determined by Tas1r3 vari-
ants. In the present study, we used mice from the 129.B6-
Tas1r3 segregating congenic strain, which have the same
genetic background but different Tas1r3 alleles (see details
in MATERIALS AND METHODS). This allowed us to examine the
specific effects of Tas1r3 polymorphisms.

MATERIALS AND METHODS

Animals

All protocols involving animals were approved by the Institutional
Animal Care and Use Committees at the Monell Chemical Senses
Center and Columbia University before the experiments. Mice from
the 129.B6-Tas1r3 segregating congenic strain were bred at the
Monell Center. This strain was produced by serial backcrossing of
offspring from an intercross between the C57BL/6ByJ (B6) and
129P3/J (129) inbred strains onto the 129 strain and selection of mice
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carrying a fragment of B6 chromosome 4 including the Tas1r3 gene
(36). As a result, the congenic mice have the genetic background of
the 129 strain and a donor fragment of chromosome 4 containing the
Tas1r3 gene from the B6 strain. The size of the donor fragment does
not exceed 194 kb and encompasses, besides Tas1r3, several other
genes that have been excluded as candidates for the Tas1r3 locus (3).
We maintained 129.B6-Tas1r3 mice as a segregating congenic strain
by mating congenic mice that have only one chromosome containing
the B6 donor fragment (B6/129 genotype at the Tas1r3 locus) with
129 inbred mice. As a result, in each backcross generation we
obtained mice with two different Tas1r3 genotypes: B6/129 heterozy-
gotes (B6/129) and 129/129 homozygotes (129/129). Because the B6
allele of the Tas1r3 gene is dominant, B6/129 mice are phenotypically
different from 129/129 mice (3, 5, 29, 36). Although B6/129 and
129/129 mice are genetically and phenotypically different, according
to mouse strains nomenclature (http://www.informatics.jax.org/
mgihome/nomen/strains.shtml), they belong to the same segregating
strain, 129.B6-Tas1r3. In this study, we used age-matched congenic
B6/129 and 129/129 littermates.

Animal Housing and Diet

During testing at the Monell Center (experiments 1 and 3) and
Barnard College (experiment 2), the mice were housed in individual
cages in a temperature-controlled room at 23°C on a 12:12-h light-
dark cycle (7:00 AM on, 7:00 PM off). The mice at Monell had free
access to pelleted Teklad Rodent Diet 8604 (Harlan, Madison, WI),
whereas those at Barnard had free access to pelleted TestDiet labo-
ratory chow 5012 (Purina Mills, Richmond, IN).

Genotyping

Genomic DNA of congenic mice was purified by standard tech-
niques. Tas1r3 genotypes were determined with either a single-strand
conformation polymorphism (SSCP) technique (details can be found
in Ref. 35), or a TaqMan hybridization-based single nucleotide
polymorphism (SNP) allelic discrimination assay (PE Applied Bio-
systems, Foster City, CA). The allelic discrimination assay was
designed to genotype the SNP site rs13478075 in the exon 3 of the
Tas1r3 gene (52). The reagents included primers (forward 5�-ATTG-
CACCCATTGAGCTCTCA-3� and reverse 5�-ACGTTTCCCGGT-
CACTTAGC-3�) and allele-specific probes [5�-(VIC)-CATGCTG-

GCACTATA-(MGB)-3� for B6 allele and 5�-(FAM)-CATGC-
TGGCGCTATA-(MGB)-3� for 129 allele; base substitution at
polymorphic site is underlined]. Each reaction contained 10 ng of
genomic DNA, TaqMan Universal PCR Master Mix (PE Applied
Biosystems), 900 nM primers, and 50 nM probes in 25 �l. Real-time
PCR and subsequent analysis were performed with the ABI Prism
7000 Sequence Detection System (PE Applied Biosystems) and the
following conditions: 95°C for 10 min and then 40 cycles of
amplification (92°C denaturation for 15 s, 60°C annealing/exten-
sion for 1 min).

Taste Solutions

We used tastants that evoked differential responses in B6 and 129
mice in our previous studies (1, 7, 10, 24, 28). Taste solutions were
prepared in deionized water and presented at room temperature. All
chemicals were purchased from Sigma (St. Louis, MO), except for
acesulfame-K (Hoechst Food Ingredients, Edison, NJ), erythritol
(M&C Sweeteners/Mitsubishi Chemical and Cargill, Blair, NE), su-
cralose (McNeil Specialty, New Brunswick, NJ), SC-45647 (a gift of
Dr. Grant DuBois, The Coca-Cola Company, Atlanta, GA), Polycose
(Ross Nutrition, Columbus, OH), maltooligosaccharide (Pfanstiehl
Laboratories, Waukegan, IL), and hydrochloric acid (Fisher, Fair
Lawn, NJ).

Experiment 1: Long-Term Two-Bottle Preference Tests

Rationale. The long-term two-bottle tests were used as a major
phenotyping approach to detect the mouse saccharin preference (Sac)
locus and to identify a corresponding gene, Tas1r3 (3, 5, 22, 36, 39,
52). Previous studies using long-term two-bottle tests have shown that
allelic variation of the Sac/Tas1r3 gene affects responses to several
other sweeteners in addition to saccharin (3, 5, 29, 38, 39). We
therefore used the 48-h two-bottle tests in this study to examine
effects of Tas1r3 genotype on consumption of a wide range of
sweeteners. Because long-term intakes of nutritive tastants may be
influenced by postoral effects (e.g., Refs. 54, 55), we attempted to
minimize postoral contributions by testing each group of mice with no
more than one caloric sweetener or glucose polymer (see Table 1).

Animals. Eleven groups of 129.B6-Tas1r3 congenic mice (262
mice total) were used in the preference tests (see Table 1).

Table 1. Groups of 129.B6-Tas1r3 congenic mice used in two-bottle preference tests

Group Taste Stimuli

Numbers of Mice

B6/129* 129/129*

Female Male Female Male

1 Saccharin (0.02, 0.06, 0.2, 0.6, 2, 5, 10, 20, 60, 120, 200 mM) 11 19
2 Saccharin (10 mM); sucrose (10, 30, 100, 300 mM) 8 6 4 4
3 Glycine (1, 3, 10, 30, 100 mM); D-phenylalanine (1,

3, 10, 30, 100 mM); L-proline (1, 3, 10, 30, 100 mM); saccharin (10 mM); citric
acid (5 mM)

6 6 7 3

4 D-Tryptophan (1, 10, 30, 50 mM); glucose (10, 30, 100, 300 mM); saccharin (10 mM);
NaCl (300, 75 mM)

7 5 3 9

5 Acesulfame (0.3, 1, 3, 10 mM); maltose (10, 30, 100, 300 mM); saccharin (10 mM);
quinine HCl (0.03 mM)

7 4 11 3

6 SC-45647 (0.009, 0.03, 0.09, 0.3 mM); sucralose (0.3, 1, 3, 10 mM); fructose (10, 30,
100, 300 mM); IMP (1, 10 mM); saccharin (10 mM)

4 5 7 3

7 L-Alanine (1, 3, 10, 30, 100 mM); erythritol (82, 246, 491, 819 mM); MSG (1, 300
mM); saccharin (10 mM)

5 5 9 5

8 L-Glutamine (1, 3, 10, 30, 100 mM); saccharin (10 mM) 6 7 6 6
9 L-Threonine (1, 3, 10, 30, 100 mM); saccharin (10 mM) 6 7 7 6

10 Maltooligosaccharide (0.1%, 0.3%, 1%, 3%); saccharin (10 mM) 5 5 5 5
11 Polycose (0.1%, 0.3%, 1%, 3%, 10%); saccharin (10 mM) 7 7 7 4
Total 72 57 85 48

For each group of mice, the taste solutions were tested in the order listed. IMP, inosine 5�-monophosphate; MSG, monosodium glutamate. *Tas1r3 genotype.
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