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Domestic cats (Felis silvestris catus) (herein referred to as “cats”) are neither attracted to, nor
show avoidance of the taste of sweet carbohydrates and high-intensity sweeteners (1-3), yet
they do show a preference for selected amino acids (4), and avoid stimuli that taste either bitter
or very sour to humans (1,4). Consistent with this behavioral evidence, recordings from cat
taste nerve fibers and from units of the geniculate ganglion innervating taste cells demonstrated
responses to salty, sour, and bitter stimuli as well as to amino acids and nucleotides, but showed
no response to sucrose and several other sugars (4-11). The sense of taste in cats appears similar
to that of other mammals with the exception of an inability to taste sweet stimuli.

Because only the sweet taste modality appears absent, we postulated that the defect in cats (and
likely in other obligate carnivores of Felidae) lay at the receptor step, subtending this modality.
The possible defects at the molecular level could range from a single to a few amino acid
substitutions, such as is found between sweet “taster” and “nontaster” strains of mice
(12-14), to more radical mechanisms, such as an unexpressed pseudogene.

To distinguish among these possibilities, we identified the DNA sequences and examined the
structures of the 2 known genes Tas1r2 and Taslr3 that encode the sweet taste receptor
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heteromer T1R2/T1R3 in other mammals. We compared these with the sequence and structure
of the same genes in dogs, humans, mice and rats, all species that respond to sweet stimuli.

Molecular cloning of cat Tas1r3 and Tas1r2

We identified 2 receptor genes, Tas1r3 and Taslr2, in domestic cats by screening a feline
genomic BAC library and performing PCR with degenerate primers on cat genomic DNA.
Using the same strategy as for the canine genomic BAC library, we also identified the same 2
genes from dogs.

The cat Tas1r3 gene shows high similarity with those of dogs, humans, mice and rats at both
the cDNA (from 74 to 87%) and deduced amino acid level (from 72 to 85%). To confirm the
exon-intron boundaries for cat Tas1r3, we performed both RT-PCR on cDNA from cat taste
bud-containing circumvallate and fungiform papillae and PCR on cat genomic DNA using
intron spanning primers, and compared the cDNA sequence with the genomic sequence (data
not shown). Both the cat Tas1r3 and dog Tas1r3 genes are composed of 6 similarly sized exons
and 5 introns (Fig. 1a). There was nothing within the cat Tas1r3 gene that would suggest that
the cat gene was defective compared with that of the dog.

We defined the exon-intron boundaries of cat Tas1r2 by comparison with known Tas1r2 from
other species, e.g., humans and dogs. Within the sequence of cat Tas1r2, we discovered a
microdeletion of 247 bp in exon 3. This deletion is responsible for a frame shift that results in
apremature stop codon at bp 57-59 of exon 4 (Fig. 1b). By aligning cat Tas1r2 DNA sequences
of exons 4, 5, and 6 with their dog counterparts, we found 4 additional stop codons: 1 in exon
4 due to a deletion at bp 123, and 3 in exon 6 due to a substitution at bp 95 and a deletion at
bp 247 (Fig. 1b). The multiple stop codons indicate that the cat Tas1r2 is a pseudogene. In
spite of using numerous (>70) primers corresponding to the message deduced from the
Taslr2 gene, we were unable to detect message of cat Tas1r2 from circumvallate and fungiform
taste papillae.

RNA and protein expression

Having detected message from cat Tas1r3 but not from cat Tas1r2 by RT-PCR, we used the
more tissue-specific approaches of in situ hybridization and immunohistochemistry to refine
the search for cat Tas1r2 gene expression. The cat Tas1r3 gene was used as a positive control.
The expression of Tas1r3 but not Tas1r2 in cat circumvallate papillae was confirmed by high-
stringency in situ hybridization (15). To test for the presence of protein, cat circumvallate and
fungiform papillae were exposed to polyclonal antibodies against TAIR3 and T1R2. T1R3
labeling was present in the taste buds of circumvallate and fungiform papillae, whereas no
T1R2 labeling was detected (15). These results suggest that Tas1r2 is not transcribed, or, if it
is, it degrades rapidly, perhaps through a nonsense-mediated mMRNA decay pathway (16),
preventing synthesis of T1R2 protein.

Confirmation of Tas1lr2 sequence in six individual cats, tiger and cheetah

We confirmed the sequence of Tas1r2 in 6 additional unrelated healthy adult domestic cats.

Genomic DNA was amplified by PCR using primers that flanked the deletion and stop codons
of the known cat Tas1r2, and sequenced. In addition, we performed PCR on genomic DNA of
1 tiger (Therion International) and 1 cheetah (a gift from the San Diego Zoo). We found that
Taslr2 in all 6 cats, the tiger, and the cheetah had the identical 247-bp deletion in exon 3, and
had stop codons at the same positions in exon 4. In exon 6, we found evidence for 2 alleles at
position 93-95 in domestic cats, wherein 2 cats show the stop codon, TGA (homozygotes TGA/
TGA); 1 cat was heterozygote TGA/TGG; and 3 of the domestic cats, the tiger and the cheetah
were homozygotes TGG/TGG. The second exon 6 stop codon is also common to all 3 species
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(TGA for domestic cats, TAG for tigers and cheetahs). Although the third stop codon of exon
6 at bp 697-699 occurred in all 6 domestic cats, the corresponding region in tigers and cheetahs
could not be amplified by PCR.

These data are consistent with the supposition that cat Tas1r3 is an expressed and likely
functional receptor, whereas cat Tas1r2 is an unexpressed pseudogene.

Sweet taste of cats and dogs

Earlier studies on sweet taste in cats and dogs reported that in contrast to cats, dogs prefer
natural sugars, e.g., sucrose, glucose, fructose, and lactose, but not maltose (17-19). Dogs also
show a preference for sodium cyclamate, but not for sodium saccharin (17,20). These
comparative behavioral data are consistent with data generated from electrophysiological
studies. Boudreau classified part of the cat taste system into several group units (1, 11, 111A, and
I11B). These cat units have their counterparts in the taste system of dogs (class B, A, C, and D
units). Unlike cat group 11 units, dog class A units respond to sucrose and fructose (5). By
recording from the chorda tympani nerve, Beidler found that cats do not respond to 0.5 mol/L
sucrose, whereas dogs do (11). Anderson et al. (21) showed that taste nerve fibers responding
to strychnine in dogs also respond to saccharin, which implies that dogs find saccharin aversive.
Overall, cats and dogs respond very differently to sweet-tasting stimuli, although both species
belong to Order Carnivora.

Taste and food selection

Taste receptors reflect a species’ food choices, and the genes encoding these receptors often
show individual variation. These variations may or may not affect taste preference. A textbook
example is the individual variation seen in sensitivity to the bitter compound,
phenylthiocarbamide (PTC). A gene of the human TAS2R family of bitter taste receptors,
TAS2R38, associated with this individual variation, shows 3 coding single-nucleotide
polymorphisms giving rise to 5 haplotypes world-wide, accounting for the 55-85% of the
variance in PTC sensitivity (22). In mice, variation in preference for sweet-tasting stimuli maps
to the gene for T1R3, located within the Sac locus (23,24). This gene is allelic in mice, and
several reports identify a missense mutation (160T) as being the most likely mutation
accounting for the phenotypic differences (12-14,25). However, the same alleles are not
involved in strain-dependent sweet taste preference in rats (26).

In addition to the modulation of behavior that can be caused by point mutations, more profound
behavioral changes can result from the abolishment of gene function through, for example, the
generation of pseudogenes. An example of this effect in mammalian chemoreception lies
within the large repertoire of olfactory receptor genes. Of the human olfactory receptor genes,
>60% are pseudogenes (27), whereas only 20% are classified as such in mice (27,28).
Strikingly, the accumulation of these olfactory pseudogenes in primates reportedly occurred
concomitant with the acquisition of trichromatic color vision, perhaps reflecting the
overarching behavioral changes that such an acquisition engendered (29). Similar generation
of bitter taste receptor pseudogenes, accompanied by a large number of coding region single
nucleotide polymorphisms, can account for the broad diversity displayed by the bitter taste
receptor family. This diversity may play a role in both species-specific and individually
manifested taste preference (30).

In the extreme case, in which a species fails to respond to stimuli representative of an entire
modality, such as cats with sweet taste, the development of a unique food preference behavior,
based on the remaining taste receptors, might be anticipated. With the exception of the
sweetness modality, the taste system of the cat is organized much like that of most other
mammals; thus, discovering the molecular basis for the lack of response to sweet tasting
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compounds in cats provides a window on the development of strict carnivorous behavior in
Felidae.
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FIGURE 1.

Gene structures of cat Tas1r3 and dog Tas1r3 (A), and cat Taslr2 and dog Taslr2 (B). The
exons are shown in black (size in bp). Location (bp) refers to the position within each exon.
Intron sizes shown in the figure are not proportionally scaled in (A) or (B) because of the large
size of the Tas1r2 introns. Under each dog exon is the percentage of similarity between that
exon and its cat counterpart at the nucleotide level (B). The exons for cat Tas1r2 refer to parts
corresponding to dog exons. Asterisks indicate the position of microdeletion in exon 3 as well
as the stop codon positions in exons 4 and 6 of cat Tas1r2. The accession for dog Tas1r3 is
AY916759, and for dog Tas1r2 is AY916758.
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