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COMMENTARY

Gustation Genetics: Sweet Gustducin!
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Abstract

Two recent studies, the second of which is reported herein, provide evidence that genetic variation in the sweet receptor
subunit, TASTR3, and the second messenger, gustducin (GNAT3), affect the ability of people to correctly sort ascending
concentrations of sucrose. These findings raise questions about how variation in the TASTR3 and GNAT3 gene shape the
human sweet tooth and its unwelcome consequences, diabetes and obesity.
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Sugar is an economic as well as a biological stimulus. The
activation of the sweet receptor causes pleasure that people
will pay for, recently spending $70.1 billion on sweetened
soda drinks in the United States alone (Fletcher et al.
2009). Sugar is also important to the health-care debate be-
cause it is believed to contribute to obesity and diabetes
(Bray et al. 2004). Sin taxes for popular products with added
sweeteners (like soda) are under serious consideration
by lawmakers in the United States (Adamy 2009). But rarely
do we ask why humans like sugar so much, even less rarely to
do we consider why some people like it more than others
(Reed et al. 2006).

Fushan et al. (2009) make a step toward addressing this
complex issue by discovering how people might differ genet-
ically in sweet sensitivity. They report in this issue of Chem-
ical Senses that there is a statistical association between the
sucrose sensitivity of human subjects and the genotype of al-
leles near the a-gustducin gene. a-Gustducin is a G-protein
subunit that is selectively expressed in taste cells (McLaughlin
et al. 1992) and has been implicated in the intracellular sig-
naling cascades underlying taste transduction. Knockout
mice lacking a-gustducin have an impaired ability to taste
sugars and other sweeteners (as well as bitter and umami
compounds but not sour or salty ones) (Wong et al. 1996;
Heet al. 2004). Individual differences in human sweet percep-
tion are probably determined by multiple genes, and with this

discovery the list has now grown, starting with the original
discovery by these authors of the effects of upstream alleles of
the sweet receptor subunit 7451 R3 (Fushan et al. 2009), to
encompass a second gene involved in intracellular signaling.
The authors discovered this association by comparing sub-
jects’ alleles of ‘“‘taste genes” (identified in earlier work as
important in taste perception) with their results on a psycho-
physical test, which involved ranking a series of sucrose con-
centrations in the correct order. The authors infer that this
test measures sweetness sensitivity, but the term “sensitivity”
is imprecise and it is unclear what exactly is measured when
sucrose solutions are ranked. We might wonder why this test
is better than, say, another fast threshold method that was
successfully used by the authors to identify the famous di-
morphism in bitter tasting ability (Kim et al. 2003).
Having mentioned the limitations of the phenotyping mea-
sure, it is important to mention its strengths. This is a fast,
fun, and reliable metric of taste, and it is thus important for
investigators conducting epidemiological and genetic studies
of taste to know about; experts are currently debating about
the best methods to use for these large-scale studies (Toolbox
2009). Although it may be unfamiliar to some readers of
Chemical Senses, the success of the test here may lure taste
and smell psychophysicists to use it in futures studies. Also,
the ability to judge the relative taste intensity at different
concentrations is of practical and evolutionary importance.
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Ranking apples by how sweet they are is a task as relevant
today as it was to our ancestors (Pollan 2001).

A strength of this study was the control of false-positive
results: they dealt firmly with the 3 main culprits of spurious
association: 1) by reducing the number of tests, focusing on
candidate genes, 2) when positive results were obtained, ex-
panding the genotyping to rule out the influence of flanking
genes, and 3) demonstrating that the allele has the same di-
rection and magnitude of effect regardless of racial group,
ruling out ethnic stratification as an explanation for the as-
sociation. (Ethnic stratification occurs when a trait varies be-
tween 2 ethnic groups; when this happens, any allele that also
varies between the groups will appear to be related to the
trait.) However the authors may have missed links between
perception and rare variants in genes like 74SI/R2 (Kim
et al. 2006) because too few people were studied. The power
to detect an association might also be diminished because
rare variants may not be in linkage disequilibrium with com-
mon nearby alleles chosen for genotyping. One solution
would be to group people by those with or without any rare
variant, focusing on alleles that change the amino acid
sequence. (This type of rare variant is often deleterious
[Kryukov et al. 2007].) Therefore, allelic variation in the
TASIR2 gene (or others with this pattern of genetic variation)
may be more influential than the results reported here suggest.

One of the frustrations of genetic association studies is that
associations between alleles and traits, no matter how statis-
tically compelling, do not unequivocally identify the exact al-
lele (or even the exact gene). Gustducin is near another gene
with a proposed role in taste, CD36 (Laugerette et al. 2005),
and the association may have arisen through linkage disequi-
librium, when alleles hitchhike together during meioses, mak-
ing it difficult to distinguish the causal from “ride-along”
allele. The issue of gene specificity could have been resolved
if the authors had provided a mechanistic explanation for
how the associated alleles in the vicinity of the gustducin gene
might affect gustducin messenger RNA expression or other-
wise affect gustducin gene function. As it stands, like many
genetic association studies, the satisfaction of finding the
missing link to causality has been, at least temporarily, frus-
trated. Regardless, this research has laid a firm foundation,
demonstrating that genetic variation is important in human
taste perception: there may be other genes which influence
sweet perception in mice and rats which might also be impor-
tant in humans (Bachmanov et al. 2002; Tordoff 2010) and
genome-wide studies to find them lie ahead.

Funding

Support to the authors was provided by the National Insti-
tutes of Health (DC00992 to DRR and DC03055 and
DC03155 to RFM).

Acknowledgements

Michael G. Tordoff commented on a draft of this commentary.
Joseph M. Roop provided economics advice. R.F.M. has a personal
financial interest in the form of stock ownership in the Redpoint Bio
company and is an inventor on patents and patent applications
which have been licensed to Redpoint Bio.

References

Adamy J. 2009 May 12. Soda tax weighed to pay for health care. The Wall
Street Journal.

Bachmanov AA, Reed DR, Li X, Beauchamp GK. 2002. Genetics of sweet
taste preferences. Pure Appl Chem. 74:1135-1140.

Bray GA, Nielsen SJ, Popkin BM. 2004. Consumption of high-fructose corn
syrup in beverages may play a role in the epidemic of obesity. Am J Clin
Nutr. 79:537-543.

Fletcher J, Frisvold D, Tefft N. 2009. The effects of soft drink taxes on child
and adolescent consumption and weight outcomes. Emory Economics.
Department of Economics, Atlanta (GA): E.U.A.

Fushan AA, Simons CT, Slack JP, Manichaikul A, Drayna D. 2009. Allelic
polymorphism within the TAS1R3 promoter is associated with human
taste sensitivity to sucrose. Curr Biol. 19:1288-1293.

He W, Yasumatsu K, Varadarajan V, Yamada A, Lem J, Ninomiya Y,
Margolskee RF, Damak S. 2004. Umami taste responses are medi-
ated by alpha-transducin and alpha-gustducin. J Neurosci. 24:
7674-7680.

Kim UK, Jorgenson E, Coon H, Leppert M, Risch N, Drayna D. 2003.
Positional cloning of the human quantitative trait locus under-
lying taste sensitivity to phenylthiocarbamide. Science. 299:
1221-1225.

Kim UK, Wooding S, Riaz N, Jorde LB, Drayna D. 2006. Variation in the
human TAS1R taste receptor genes. Chem Senses. 31:599-611.

Kryukov GV, Pennacchio LA, Sunyaev SR. 2007. Most rare missense alleles
are deleterious in humans: implications for complex disease and
association studies. Am J Hum Genet. 80:727-739.

Laugerette F, Passilly-Degrace P, Patris B, Niot |, Febbraio M, Montmayeur JP,
Besnard P. 2005. CD36 involvement in orosensory detection of dietary
lipids, spontaneous fat preference, and digestive secretions. J Clin Invest.
115:3177-3184.

McLaughlin SK, McKinnon PJ, Margolskee RF. 1992. Gustducin is a taste-
cell-specific G protein closely related to the transducins. Nature. 357:
563-569.

NIH Toolbox. 2009. NIH Toolbox [Internet]. Available from: www
.nihtoolbox.org. Last accessed 2010 June 6. National Institutes of
Health.

Pollan M. 2001. The botany of desire: a plant’s eye view of the world. New
York: Random House.

Reed DR, Tanaka T, McDaniel AH. 2006. Diverse tastes: genetics of sweet
and bitter perception. Physiol Behav. 88:215-226.

Tordoff MG. 2010. Taste solution consumption by FHH-Chr nBN consomic
rats. Chem Senses. 35:473-489.

Wong GT, Gannon KS, Margolskee RF. 1996. Transduction of bitter and
sweet taste by gustducin. Nature. 381:796-800.

2T0Z ‘s J8qo1nQ uo 1enb Aq /Blo'sfeulnolployxo-aswayo//:dny woiy papeojumoq


http://chemse.oxfordjournals.org/

