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Abstract

Background/Aims: The influence of TAS2R38 haplotype on the relationship between the per-
ceived intensity of propylthiouracil (PROP) and the basic tastes of salt, sweet, sour, and bitter
(quinine) was evaluated in the Beaver Dam Offspring Study. Methods: Genotyping was per-
formed on 1,670 participants aged >45 years (mean age = 54.4; range = 45-84), and supra-
threshold taste intensity was measured using filter paper disks and a general labeled magni-
tude scale (0-100). Results: Among those with taste intensity data and the PAV or AVI
haplotype (n = 1,258), the mean perceived intensity of PROP was 37.3 (SD = 30.0), but it varied
significantly (p < 0.0001) by diplotype (PAV/PAV = 60.1; PAV/AVI = 46.5; AVI/AVI = 14.4). PROP
intensity was correlated with the basic taste intensities (salt: r = 0.22; sweet: r = 0.25; sour:
r = 0.21; quinine bitterness: r = 0.38; p < 0.001 for all tastes); however, a significant effect
modification of the PROP-taste intensity relationships by TAS2R38 diplotype was observed.
There was a stronger association between PROP and each of the basic tastes in the PAV/PAV
diplotype group than in the other groups. Conclusions: Directly measuring the perceived in-
tensity of the 4 tastes, rather than using PROP intensity as an indicator of taste responsive-
ness, is recommended for studies of taste perception. © 2015 S. Karger AG, Basel
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Introduction

Taste may relate to health through food preferences and selection [1, 2], and sensitivity
to bitter compounds is important in the avoidance of toxic substances [3]. Variation in the
ability to taste the bitterness of phenylthiocarbamide (PTC), a thiourea compound, has a
strong genetic component [4] with the TASZR38 gene encoding a bitter taste receptor for PTC
[5]. There are 3 common nonsynonymous SNPs within TASZR38 (rs713598, rs1726866, and
rs10246939), and amino acid substitutions of alanine for proline, valine for alanine, and
isoleucine for valine occur as a result of base pair substitutions at the 3 sites. These substitu-
tions give rise to the common haplotypes of PAV (PTC sensitive) and AVI (PTC insensitive).

In recent years, work has indicated that the TASZR38 gene also plays a role in the genetic
component of variability in responsiveness and sensitivity to 6-n-propylthiouracil (PROP),
another thiourea compound [6, 7]. In addition, it has been proposed that there may be other
genes contributing to PROP taste response [8, 9]. The phenotypic variation in the perceived
intensity of suprathreshold concentrations of PROP has also been widely investigated, and it has
been suggested that there are 3 distinct groups of individuals: (1) those with high perceived
PROP intensity, termed ‘supertasters’, (2) those with low perceived PROP intensity, termed
‘nontasters’, and (3) those with moderate perceived PROP intensity, termed ‘medium tasters’ [10].

It has been hypothesized that PROP supertasters also experience other oral sensations,
such as the intensity of the 4 basic tastes (bitterness, salt, sour, and sweet), more intensely,
and the term supertasting was broadened to imply a generally heightened level of oral
perception of all the tastes [11]. Subsequently, positive associations between PROP intensity
and the intensity of bitter [12-15], sweet [14-16], salty [11, 14, 15, 17], and sour [14, 15]
stimuli as well as the oral sensation of fat or creaminess [18, 19] were observed. However,
not all studies found that PROP intensity was predictive of other oral responses [13, 20-22].

The underlying mechanism for the correlation between PROP responsiveness, the other
tastes, and food preferences was thought to be the fact that PROP supertasters had more
fungiform papillae (FP; containing taste buds) than nontasters [10, 20, 23, 24]. However, in
recentinvestigations analyzing PROP in a continuous manner and categorically with a number
of different grouping schemes, no significant relationship between FP density and PROP
intensity was observed [25, 26]. In addition, no significant PROP intensity and FP density
association was found within any of the TASZR38 haplotype subgroups [25, 26]. In an earlier
study, TAS2R38 haplotype was found to modify the association between FP density and PROP
bitterness whereby a significant association between PROP intensity and FP density was
observed only in the TASZR38 homozygote groups and not among the heterozygotes [15].

The purpose of the present study was to examine the influence of TASZR38 genotype on
the strength of the phenotypic relationships between the perceived intensity of PROP and the
perceived intensities of the other 4 tastes. The suitability of using PROP responsiveness as an
indicator of responsiveness to the 4 basic tastes was evaluated. In addition, the distribution
of PROP intensity was described and its association with demographic and behavioral factors
was assessed.

Materials and Methods

Study Population

The participants in the study were members of the Beaver Dam Offspring Study (BOSS), an investigation
of the adult children (ages 21-84 years, predominately non-Hispanic white) of participants in the population-
based Epidemiology of Hearing Loss Study (EHLS). The baseline BOSS examination took place in 2005-2008
[27-29]. There were 2,359 BOSS participants who rated the perceived intensity of PROP during the taste
testing component of the examination. Approval of the study was granted by the Health Sciences Institutional
Review Board of the University of Wisconsin and informed consent was obtained from the participants.
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Measurements

TAS2R38 haplotypes were available for participants aged >45 years. DNA was extracted from whole
blood and was genotyped using the [llumina IBC chip [30]. The IBC chip, also known as the HumanCVD
Genotyping BeadChip, is a custom-designed array that interrogates 49,094 SNPs distributed across approx-
imately 2,000 genes and loci previously associated with a range of cardiovascular, metabolic, and inflam-
matory syndromes. The PLINK tool set with a standard E-M algorithm for making haplotype predictions was
used to construct haplotypes from the genotype data for the 3 common nonsynonymous SNPs within
TAS2R38 [31]. Participants with only the common haplotypes of PAV or AVI (92% of genotyped partici-
pants) were included in the study resulting in having 3 diplotypes, i.e. PAV/PAV homozygotes, PAV/AVI
heterozygotes, and AVI/AVI homozygotes. Ancestry was determined using a self-report and was verified by
a principal component analysis as implemented in the Eigensoft package [32, 33]. The principal component
analysis included European (CEU), African (YRI), and Asian (CHB/JPT) samples from HapMap2 as anchors
in the analysis.

Filter paper disks impregnated with suprathreshold concentrations of 1.0 M PROP, 1.0 M sodium chloride
(salt), 1.8 M sucrose (sweet), 0.1 M citric acid (sour), and 0.001 M quinine (bitter) were used to measure taste
intensity. Testing was performed in a set order beginning with salt followed by sweet, sour, bitter, and PROP
[28].

A general labeled magnitude scale (gLMS) [34] was used for the rating of the perceived intensity. The
gLMS was anchored on one end with 0 labeled as ‘no sensation’ and on the other end with 100 labeled as
‘strongest imaginable sensation of any kind'. Taste testing was done only with the participants who success-
fully completed the training using the gLMS.

Factors included in the descriptive analyses of PROP intensity included the demographic items of age,
sex, and education [college graduate (16+ years of education) - yes or no]. The behavioral factors assessed
were lifetime smoking history (never, former, current) and alcohol consumption (any in the past year and
ever drank 4+ drinks/day on a regular basis). In addition, exercise was measured as the number of times per
week the participants engaged in a regular activity long enough to work up a sweat. Responses were grouped
into 3 categories: 0, 1-2 and 3+ times per week.

Statistical Analyses

All analyses were performed using SAS, version 9.2 (SAS Institute, Inc., Cary, N.C., USA). Analysis of
variance (ANOVA) with unadjusted pairwise comparisons was conducted to test the differences in mean
PROP intensity between the TAS2R38 haplotypes. The coefficient of determination (R?) from this ANOVA
provided the proportion of the phenotypic variance in PROP intensity explained by the TASZR38 haplotype.
In assessing the relationships between PROP intensity and intensities of the 4 basic tastes, Pearson corre-
lation coefficients were calculated using the CORR procedure in SAS. To determine how these relationships
varied by the TASZR38 diplotype group, multiple linear regression models were fit with the basic tastes as
the dependent variables and the PROP intensity and diplotype group as the independent variables. Indicator
variables were created for the diplotype group with the heterozygote (PAV/AVI) group as the reference, and
PROP intensity-diplotype group interaction terms were the product of the indicator variables and the PROP
intensity score.

To evaluate the error resulting from using the PROP intensity score as an estimate of the intensity of
the 4 tastes, the PROP intensity score was subtracted from each of the basic taste intensity scores.
Therefore, negative differences indicated an overestimation of the basic taste intensity and positive differ-
ences indicated an underestimation. To demonstrate the effect of the estimation errors when making
comparisons across populations, the distribution of the errors observed in the study population within
each diplotype group was applied to a theoretical population with the same distribution of quinine
bitterness intensity but with the homozygote proportions reversed. Thus, in the study population, approx-
imately 18% of the participants with PROP intensity ratings were PAV homozygous and 36% were AVI
homozygous, whereas in the theoretical population, 36% were PAV homozygous and 18% were AVI
homozygous.

The association between the perceived PROP intensity and the covariates was determined by using
general linear modeling (PROC GLM) to estimate the least squares mean PROP intensity for each category of
the covariates after adjustment for age and sex, and to test differences for significance. The observed margins
(OM) adjustment was used in the calculation of the least squares means so that the weighting scheme was
based on the marginal distributions in the study sample. The adjusted means, therefore, reflect the distri-
bution of the covariates among the study participants.
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Fig. 1. Distribution of the PROP intensity by TAS2R38 diplotype.

Results

Of the 1,670 participants aged >45 years with TASZR38 haplotype identification, 1,258
had only the common haplotypes of PAV and AVI and rated the PROP intensity. There were
222 PAV homozygotes (PAV/PAV), 583 heterozygotes (PAV/AVI), and 453 AVI homozygotes
(AVI/AVI).

The mean PROP intensity among this subgroup was 37.3 units on the gLMS (SD = 30.0),
and it varied significantly (p < 0.0001 for all pairwise comparisons) across TASZR38 diplo-
types (fig. 1). The mean ranged from 60.1 among the PAV homozygotes to 14.4 among the AVI
homozygotes, and the mean PROP intensity was 46.5 for the heterozygotes. The TAS2R38
haplotype explained 35.6% of the total phenotypic variance in PROP intensity. There were
PAV homozygotes reporting very low PROP intensities as well as AVI homozygotes reporting
very high PROP intensities. There was considerable overlap of PROP intensities between the
PAV homozygotes and the heterozygotes.
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Fig. 2. PROP intensity and taste intensity. Least squares regression fitted lines (8 = regression coefficient).

The correlations between PROP intensity and the 4 basic taste intensities were each signif-
icant (p < 0.001) but weak (salt: r = 0.22, sweet: r = 0.25, sour: r = 0.21, quinine bitterness: r =
0.38). The relationships between the intensities of PROP and the basic tastes varied significantly
by diplotype group indicating the presence of effect modification (fig. 2). The relationships were
stronger among the PAV homozygotes than among the heterozygotes and AVI homozygotes.

Due to the observed effect modification, the magnitude and direction of the error resulting
from using PROP intensity to estimate the intensities of the 4 tastes varied by diplotype. For
the PAV homozygotes, there was overestimation of the intensities, with quinine bitterness
having the least degree of overestimation and sweet having the greatest. Conversely, for the
AVI homozygotes, there was underestimation, with sweet having the least amount and
quinine bitterness having the greatest. For the heterozygotes, there was also substantial
overestimation of salt and sweet intensities.

The extent of the error in the estimation of the 4 tastes varies across populations if the
populations have differing distributions of TAS2ZR38 diplotype groups. For example, in a
population where the distribution of quinine bitterness is the same as in this study population
(mean = 50.0) and where there are twice as many AVI homozygotes as PAV homozygotes
(also similar to this study population), using PROP intensity to estimate quinine bitterness
would result in an average underestimation of approximately 12.7 units (fig. 3). If another
population with the same distribution of quinine bitterness had a TAS2ZR38 distribution with
twice as many PAV homozygotes as AVI homozygotes, the underestimation of quinine
bitterness would be approximately 4.4 units.
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Fig. 3. Difference between quinine bitterness and PROP intensity (error) for two populations (a, b) with
varying TAS2R38 diplotype distributions.

With respect to the distribution and nongenetic determinants of PROP intensity, there
were a total of 2,359 participants (mean age = 48.8 years) in the entire cohort who rated the
intensity of the PROP stimulus. The average perceived intensity was 37.4 (SD = 30.2, medi-
an = 34, range = 0-100) (table 1). With age and sex adjustment, middle-aged groups had the
highest mean PROP intensities (35-44 years = 37.8; 45-54 years = 39.5), and females demon-
strated a significantly greater mean PROP intensity (40.1) than males (34.3). In addition,
college graduates had a significantly lower mean PROP intensity (35.7) than participants with
less education (38.4). There were no significant differences in mean PROP intensity for any
of the behavioral factors. In the sample with TAS2R38 haplotype information, similar rela-
tionships of PROP intensity with age and gender were observed. College graduates again had
a lower mean intensity (36.1) than those with less education (38.0), but the difference was
no longer significant.

Discussion

As expected, a significant relationship between the perceived intensity of PROP presented
at a suprathreshold concentration and TASZR38 diplotype was observed in this large cohort
of middle- to late-aged individuals. Participants with the PAV haplotype had a higher mean
PROP intensity than participants with the AVI haplotype, but there was considerable overlap
in intensity ratings across the groups.

The perceived intensity of PROP and the 4 basic tastes were found to be positively corre-
lated, which is consistent with previous reports [11, 13, 15, 16]. However, the strength of the
relationships differed by TASZR38 haplotype; the relationships were significantly stronger in
the PAV homozygotes. A previous study with 198 participants, substantially fewer than in the
present study, did not find significant effect modification of the PROP-basic taste relation-
ships by TASZR38 diplotypes [15], while other prior investigations [11, 13, 16] did not assess

KARGER

148


http://dx.doi.org/10.1159%2F000371552

Journal of . J Nutrigenet Nutrigenomics 2014;7:143-152
Nutrigenetics

and, : DOI: 101159/00037] 52 © 2015 S. Karger AG, Basel
Nut-r-lge-nom]cs www karger.com/jnn

Fischer et al.: The Associations between 6-n-Propylthiouracil (PROP) Intensity and
Taste Intensities Differ by TAS2R38 Haplotype

Table 1. Mean PROP intensity by participant characteristics, adjusted for age group and sex

Characteristic All participants Participants with TASZR38
diplotype?
n PROP least  pvalue n PROP least  pvalue
squares, squares,
mean + SEP mean + SEP
Overall 2,359 37.4+30.2¢ - 1,258 37.3+30.0°
Demographic
Age group 0.02 0.04
21-34 131 35.0+2.6 - -
35-44 714 37.8+1.1 - -
45-54 881 39.5+1.0 730 39.1+1.1
55-64 483 34.0x1.4 407 344+1.5
65-84 150 36.1+x2.4 121 36.9+2.7
Gender <0.0001 <0.001
Male 1,105 34.3+0.9 518 345+1.2
Female 1,254 40.1+x0.8 640 40.1+1.2
Education (college graduate) 0.04 0.28
Yes 838 35.7+1.0 398 36.1+1.5
No 1,509 38.4+0.8 852 38.0+1.0
Behavioral
Smoking 0.31 0.66
Current 390 38.6%1.5 195 37.6x2.1
Former 689 38.3+1.2 438 38.3x1.4
Never 1,279 36.5+0.8 624 36.6+1.2
Any alcohol in the past year 0.63 0.09
Yes 2,128 37.5+0.7 1,123 37.8x0.9
No 229 36.5+2.0 134 33.2+2.6
Ever drank 4+ drinks/day 0.20 0.67
Yes 412 39.2+1.5 237 38.1+2.0
No 1,946 37.0+0.7 1,021 37.2+0.9
Exercise (times/week) 0.97 0.82
0 892 37.3+x1.0 502 36.8+1.3
1-2 548 37.7x1.3 275 37.4+1.8
3+ 914 37.3+1.0 478 38.0+1.4

@ Participants with TAS2ZR38 diplotypes of PAV/PAV, PAV/AVI, or AVI/AVI.
b Adjusted for age group and sex.
¢ Unadjusted overall mean and SD.

the influence of TASZR38. This study’s observation that the relationships between the inten-
sities of PROP and the other tastes were weaker in the nontasters (AVI/AVI diplotype) may
be aresult of the lower level of variability in PROP intensity in that group. Although the range
of PROP intensity in the AVI/AVI group was 0-100, the standard deviation was lower than in
the other groups. It is possible that participants with the PAV/PAV diplotype show a stronger
relationship between the perceived intensities of the 4 basic tastes and PROP simply because
they are able to taste the bitterness of PROP, and there is variation in the perceived intensity
of the PROP bitterness.

The observed difference in the relationship between the perceived intensities of PROP and
the 4 tastes by TASZR38 diplotype has important implications when considering PROP intensity
as a possible marker for the tastes. The current study demonstrated that there is less misclas-
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sification of taste status when using PROP as a surrogate in people with the PAV/PAV diplotype.
In the participants with the PAV/AVI or AVI/AVI diplotypes, there was substantial underesti-
mation of perceived intensity of the 4 tastes and therefore, subjects were more likely to be erro-
neously classified as weak tasters of the 4 basic tastes. The nontasters or weak tasters of PROP
(AVI/AVI diplotype) are not necessarily weak tasters of salt, sweet, sour, and quinine bitter
since the TASZR38 gene encodes bitter taste receptors for compounds containing the thiourea
moiety [5].

Differential misclassification of taste status for the 4 tastes will possibly lead to biased
findings within studies. In addition, comparisons across populations will be difficult if the
TASZR38 haplotype distribution differs in the populations. This is more likely to occur when
the populations being compared have small numbers of participants or are different with
respecttoancestry.Previousinvestigations of PROP responsiveness were primarily conducted
in small, selected convenience samples of healthy volunteers and many studies did notinclude
TAS2R38 genotype information [11, 13, 14, 16, 18]. For these reasons, inconsistencies in
findings across studies may be partially explained by reliance on PROP intensity to represent
the other taste intensities.

Regarding our secondary objective, age, sex, and education were found to be related to
the perceived intensity of PROP but no behavioral factors were associated with PROP supra-
threshold perception. These results are consistent with reported studies suggesting that
females are more likely to be PROP supertasters [10, 35]. Previous work in the BOSS cohort
found that females also had significantly greater mean intensities for salt, sour, sweet, and
bitter presented at suprathreshold concentrations [36]. College graduates demonstrated
significantly lower mean intensities for all 4 tastes [36]. The observed sex differences in the
perceived intensity may be related to hormonal fluctuations in females [37] or to cognitive
assessment differences between males and females, as observed in an investigation of intra-
nasal irritation and odorousness [38]. The present study’s findings did not agree with
previouswork suggesting thatvariability in PROP bitternessisrelated toalcohol consumption
[39].

Strengths of the present study include the fact that the measurement of the perceived
intensity of PROP and the 4 tastes was done using a standard protocol employing the gLMS
to ensure valid comparisons across the diplotype groups [34]. Although taste testing was
done using filter paper disks, previous studies have shown that the perceived intensity of
PROP delivered through filter paper disks is correlated with the perceived intensity of PROP
delivered through solutions [40-42]. In addition, test-retest reliability using filter paper disks
has been high (r = 0.9) [42]. Tastants were presented only once but in a set order with PROP
as the final taste to minimize context effects [43].

PROP bitterness has served as a marker of orosensory response in many previous
investigations over the past two decades. Because of the observed relationship of the
perceived intensity of PROP with the other tastes and with oral somatosensation (irri-
tation, temperature, pain), the concept of PROP supertasting was broadened to imply
heightened oral sensation in general [44]. The results of this study suggest that this broad-
ening of the concept of supertasting may lead to difficulties, particularly when comparing
or integrating results across studies. The value of using PROP intensity as a marker for the
4 basic taste intensities depends on the underlying distribution of the TASZR38 haplotype.
When the distribution varies across studies, as it likely does, it is difficult, if not impossible
(when TAS2R38 genotyping is not available), to determine the impact of the difference in
distributions. In agreement with Lim et al. [22], the present study suggests that at this
time, it may be important to directly measure responses to the 4 basic tastes when studying
the relationship between taste perception, food preferences and choices, and ultimately
health.

KARGER

150


http://dx.doi.org/10.1159%2F000371552

Journal of . J Nutrigenet Nutrigenomics 2014;7:143-152
Nutrigenetics

and, : DO 191159/000371 522 © 2015 S. Karger AG, Basel
Nut-r-lge-nom]cs www karger.com/jnn

Fischer et al.: The Associations between 6-n-Propylthiouracil (PROP) Intensity and
Taste Intensities Differ by TAS2R38 Haplotype

Acknowledgements

The project described was supported by R0O1AG021917 from the National Institute on Aging, National
Eye Institute, and the National Institute on Deafness and Other Communication Disorders and by an unre-
stricted grant from Research to Prevent Blindness (RPB). The content is solely the responsibility of the
authors and does not necessarily reflect the official views of the National Institute on Aging or the National
Institutes of Health. The authors thank the participants for their continued commitment to the study.

Disclosure Statement

The authors declare that they have no conflicts of interest.

References

1 Glanz K, Basil M, Maibach E, Goldberg ], Snyder D: Why Americans eat what they do: taste, nutrition, cost,
convenience, and weight control concerns as influences on food consumption. ] Am Diet Assoc 1998;98:1118-
1126.

2 Dressler H, Smith C: Food choice, eating behavior, and food liking differs between lean/normal and over-
weight/obese, low-income women. Appetite 2013;65:145-152.

3 Peyrotdes Gachons CP, Beauchamp GK, Breslin PA: The genetics of bitterness and pungency detection and its
impact on phytonutrient evaluation. Ann NY Acad Sci 2009;1170:140-144.

4 Blakeslee AF: Genetics of sensory thresholds: taste for phenylthiocarbamide. Proc Natl Acad Sci USA 1932;18:
120-130.

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

6 Duffy VB, Davidson AC, Kidd JR, Kidd KK, Speed WC, Pakstis A], Reed DR, Snyder D], Bartoshuk LM: Bitter
receptor gene (TAS2R38), 6-n-propylthiouracil (PROP) bitterness and alcohol intake. Alcohol Clin Exp Res
2004;28:1629-1637.

7  Calo C, Padiglia A, Zonza A, Corrias L, Contu P, Tepper BJ, Barbarossa IT: Polymorphisms in TAS2R38 and the
taste bud trophic factor, gustin gene co-operate in modulating PROP taste phenotype. Physiol Behav 2011;
104:1065-1071.

8 Reed DR, Nanthakumar E, North M, Bell C, Bartoshuk LM, Price RA: Localization of a gene for bitter-taste
perception to human chromosome 5p15. Am ] Hum Genet 1999;64:1478-1480.

9 Bufe B, Breslin PA, Kuhn C, Reed DR, Tharp CD, Slack JP, Kim UK, Drayna D, Meyerhof W: The molecular basis
of individual differences in phenylthiocarbamide and propylthiouracil bitterness perception. Curr Biol 2005;
15:322-327.

10 Bartoshuk LM, Duffy VB, Miller IJ: PTC/PROP tasting: anatomy, psychophysics, and sex effects. Physiol Behav
1994;56:1165-1171.

11 Bartoshuk LM, Duffy VB, Lucchina LA, Prutkin ], Fast K: PROP (6-n-propylthiouracil) supertasters and the
saltiness of NaCl. Ann NY Acad Sci 1998;855:793-796.

12 Bartoshuk LM: Comparing sensory experiences across individuals: recent psychophysical advances illuminate
genetic variation in taste perception. Chem Senses 2000;25:447-460.

13 Delwiche JF, Buletic Z, Breslin PAS: Relationship of papillae number to bitter intensity of quinine and PROP
within and between individuals. Physiol Behav 2001;74:329-337.

14 Bajec MR, Pickering GJ: Thermal taste, PROP responsiveness, and perception of oral sensations. Physiol Behav
2008;95:581-590.

15 Hayes JE, Bartoshuk LM, Kidd ]JK, Duffy VB: Supertasting and PROP bitterness depends on more than the
TAS2R38 gene. Chem Senses 2008;33:255-265.

16 LucchinaLA, Curtis OF 5th, Putnam P, Drewnowski A, Prutkin JM, Bartoshuk LM: Psychophysical measurement
of 6-n-propylthiouracil (PROP) taste perception. Ann NY Acad Sci 1998;855:816-819.

17 Hayes JE, Sullivan BS, Duffy VB: Explaining variability in sodium intake through oral sensory phenotype, salt
sensation and liking. Physiol Behav 2010;100:369-380.

18 Tepper B], Nurse R]: PROP taster status is related to fat perception and preference. Ann NY Acad Sci 1998;855:
802-804.

19 Hayes JE, Duffy VB: Revisiting sugar-fat mixtures: sweetness and creaminess vary with phenotypic markers
of oral sensation. Chem Senses 2007;32:225-236.

20  Yackinous C, Guinard ]-X: Relation between PROP taster status and fat perception, touch, and olfaction. Physiol
Behav 2001;72:427-437.

KARGER

151


http://dx.doi.org/10.1159%2F000371552

Journal of J Nutrigenet Nutrigenomics 2014;7:143-152 152

Nutrigenetics
and . DO 1Q.1129/0003 71222 © 2015 S. Karger AG, Basel
Nut'r'lgenom'lcs www.karger.com/jnn

Fischer et al.: The Associations between 6-n-Propylthiouracil (PROP) Intensity and
Taste Intensities Differ by TAS2R38 Haplotype

21 Drewnowski A, Henderson SA, Cockroft JE: Genetic sensitivity to 6-n-propylthiouracil has no influence on
dietary patterns, body mass indexes, or plasma lipid profiles of women. ] Am Diet Assoc 2007;107:1340-1348.

22 Lim], Urban L, Green BG: Measures of individual differences in taste and creaminess perception. Chem Senses
2008;33:493-501.

23 Essick GK, Chopra A, Guest S, McGlone F: Lingual tactile acuity, taste perception, and the density and diameter
of fungiform papillae in female subjects. Physiol Behav 2003;80:289-302.

24  Duffty VB, Hayes JE, Davidson AC, Kidd JR, Kidd KK, Bartoshuk LM: Vegetable intake in college-aged adults is
explained by oral sensory phenotypes and TASZR38 genotype. Chemosens Percept 2010;3:137-148.

25  Fischer ME, Cruickshanks K], Schubert CR, Pinto A, Klein R, Pankratz N, Pankow |S, Huang GH: Factors related
to fungiform papillae density: the Beaver Dam Offspring Study. Chem Senses 2013;38:669-677.

26  Garneu NL, Nuessle TM, Sloan MM, Santorico SA, Coughlin BC, Hayes JE: Crowdsourcing taste research: genetic
and phenotypic predictors of bitter taste perception as a model. Front Integr Neurosci 2014;8:33.

27  Cruickshanks K], Wiley TL, Tweed TS, Klein BEK, Klein R, Mares-Perlman JA, Nondahl DM: Prevalence of
hearinglossin older adults in Beaver Dam, Wisconsin. The Epidemiology of Hearing Loss Study. Am ] Epidemiol
1998;148:879-886.

28 Cruickshanks K], Schubert CR, Snyder D], Bartoshuk LM, Huang G-H, Klein BEK, Klein R, Nieto FJ, Pankow ]S,
Tweed TS, Krantz EM, Moy GS: Measuring taste impairment in epidemiologic studies. The Beaver Dam
Offspring Study. Ann NY Acad Sci 2009;1170:543-552.

29 Zhan W, Cruickshanks K], Klein BEK, Klein R, Huang GH, Pankow ]S, Gangnon RE, Tweed TS: Generational
differences in the prevalence of hearing impairment in older adults. Am ] Epidemiol 2010;171:260-266.

30 Keating B, Tischfield S, Murray SS, Bhangale T, Price TS, Glessner T, et al: Concept, design and implementation
of a cardiovascular gene-centric 50 K SNP array for large-scale genomic association studies. PLoS One 2008;
3:e3583.

31 Purcell S, Neale B, Todd-Brown K, Thomas L, Ferreira MAR, Bender D, Maller ], Sklar P, de Bakker PIW, Daly
M], Sham PC: PLINK: a tool set for whole-genome association and population-based linkage analyses. Am ]
Hum Genet 2007;81:559-575.

32 Price AL, Patterson NJ, Plenge RM, Weinblatt ME, Shadick NA, Reich D: Principal components analysis corrects
for stratification in genome-wide association studies. Nat Genet 2006;38:904-909.

33 Patterson N, Price AL, Reich D: Population structure and eigenanalysis. PLoS Genet 2006;2:e190.

34 Bartoshuk LM, Duffy VB, Green BG, Hoffman HJ, Ko C-W, Lucchina LA, Marks LE, Snyder D], Weiffenbach JM:
Valid across-group comparisons with labeled scales: the gLMS versus magnitude matching. Physiol Behav
2004;82:109-114.

35 Drewnowski A, Kristal A, Cohen J: Genetic taste responses to 6-n-propylthiouracil among adults: a screening
tool for epidemiological studies. Chem Senses 2001;26:483-489.

36 Fischer ME, Cruickshanks K], Schubert CR, Pinto A, Klein BE, Klein R, Nieto F], Pankow ]S, Huang GH, Snyder
DJ: Taste intensity in the Beaver Dam Offspring Study. Laryngoscope 2013;123:1399-1404.

37 Prutkin J, Duffy VB, Etter L, Fast K, Gardner E, Lucchina LA, Snyder D], Tie K, Weiffenbach ], Bartoshuk LM:
Genetic variation and inferences about perceived taste intensity in mice and men. Physiol Behav 2000;69:
161-173.

38 Ohla K, Lundstrom JN: Sex differences in chemosensation: sensory or emotional? Front Hum Neurosci 2013;
7:607.

39 Dufty VB, Peterson JM, Bartoshuk LM: Associations between taste genetics, oral sensation and alcohol intake.
Physiol Behav 2004;82:435-445.

40 Drewnowski A, Henderson SA, Shore AB: Genetic sensitivity to 6-n-propylthiouracil (PROP) and hedonic
responses to bitter and sweet tastes. Chem Senses 1997;22:27-37.

41 Kaminski LC, Henderson SA, Drewnowski A: Young women'’s food preferences and taste responsiveness to
6-n-propylthiouracil (PROP). Physiol Behav 2000;68:691-697.

42 Ly A, Drewnowski A: PROP (6-n-Propylthiouracil) tasting and sensory responses to caffeine, sucrose, neohes-
peridin dihydrochalcone and chocolate. Chem Senses 2001;26:41-47.

43 Marks LE, Borg G, Westerlund J: Differences in taste perception assessed by magnitude matching and by
category-ratio scaling. Chem Senses 1992;17:493-506.

44 Hayes JE, Keast RS: Two decades of supertasting: where do we stand? Physiol Behav 2011;104:1072-1074.

KARGER


http://dx.doi.org/10.1159%2F000371552

