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Abstract

Recent reports suggest that polymorphisms in the carbonic anhydrase gene CA6 (also known as
gustin) may explain additional variation in the bitterness of 6-n-propylthiouracil beyond that
explained by variation in the bitter receptor gene TAS2R38. CA6 (gustin) has been implicated in
taste bud function and salivary buffer capacity. In the present study we examined associations
between polymorphisms in the CA6 gene with salt and bitter taste perception, and oral anatomy.
243 subjects (146 female) aged 18-45 rated the intensity of five concentrations of 6-n-
propylthiouracil and NaCl on a generalized Labeled Magnitude Scale (QLMS) in duplicate and one
concentration of potassium chloride (KCI). Using salivary DNA, we examined 12 SNPs within
CAG in relation to taste intensity and number of fungiform papillae. We observed no difference in
bitter taste perception from 6-n-propylthiouracil (PROP) or from potassium chloride for any of the
SNPs examined. Perceived saltiness of NaCl on the other hand was significantly associated with a
number of CA6 polymorphisms, and particularly rs3737665. Nonetheless, FP density did not vary
between alleles of rs3737665, nor with any of the other CA6 SNPs. Also, we fail to find any
evidence that CA6 effects on taste perception are due to differences in fungiform papilla number.
Additional work is needed to confirm whether variations within the CA6 gene may be responsible
for differences in salt taste perception.
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1. Introduction

Taste perception has long been known to vary across individuals. Since the discovery of
‘taste blindness’ to phenylthiocarbamide (PTC) in the early 1930s [1,2], substantial research
has been carried out to understand the biological basis of individual differences in taste
perception. The perception of the bitter-tasting compounds PTC and 6-n-propylthiouracil
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(PROP) have received particular attention as they are members of a specific class of
thiourea-containing compounds that also includes naturally occurring compounds found in
brassica vegetables [3,4]. Since glucosinolates in Brassica vegetables are hydrolyzed to
isothiocyanantes, molecules with recognized beneficial effects (e.g. [5]), the juxtaposition of
aversive taste sensations and lower vegetable intake (e.g. [6,7]) with intake of beneficial
phytonutrients (e.g. [8]) has attracted substantial interest. However, only in the last decade
have we been able to examine the molecular genetics underlying this dimorphism. The
TAS2R38 gene (née PTC; HGNC:9584) was identified in 2003 [9], and was found to encode
a receptor, hT2R38, which responds to PTC and PROP in vitro and in vivo [10,11]. Because
polymorphisms in TAS2R38 associate with differences in taste perception [10-12] and
vegetable intake [13], this genetic variation may have broader impact on food choice and
nutritional status [14,15], although not all data support this view [16,17].

Subsequent work on TAS2R38 haplotypes and taste perception indicated other additional
unknown genetic factors might also be involved in PROP bitterness perception
[11,12,18,19], potentially located on chromosome 16 [20]. Differences in the number of
fungiform papillae (FP) are often discussed as being involved in PROP perception, as FP
density is thought to be a rough indicator of taste nerve innervation [21], and indeed,
correlations between the number of FP and perceived bitterness [22,23] and sweetness [24]
have been reported. Further, number of FP reportedly correlates with PROP taste intensity
independently of TAS2R38, as number of FP does not differ with diplotype [12], suggesting
FP number may be an anatomical marker of overall taste intensity. However, when the link
between PROP and FP was explored within genetically homogenous individuals, the
expected relationship between PROP and FP was absent in the TAS2R38 heterozygotes,
demonstrating that the association between FP and taste perception is not straightforward.
Moreover, not all reports support the finding that number of FP is directly correlated with
PROP: a recent epidemiological study found no association between PROP intensity and FP
number [25]. Indeed, it has been suggested that FP number is a more accurate predictor of
taste intensity perception in small areas of the anterior tongue than for whole-mouth
stimulation [26].

The term *supertaster’ was first coined by Linda Bartoshuk following observations in her
laboratory that PROP tasters (defined via threshold) were more varied in their perception
than nontasters [27]. Using suprathreshold methods, they found that descriptions of PROP
from ‘tasters’ ranged from mildly to intensely bitter. Traditionally, PTC/PROP tasters had
been separated from nontasters using detection thresholds, or response to an antimodal
concentration (see [28]). This separation agreed with the prevailing theory at the time; i.e.
that the ability to taste thiourea compounds at low concentrations was a simple Mendelian-
inherited dominant trait, with T indicating the taster allele and t indicating the nontaster
allele. Thus, Ttand TT individuals would phenotypically be tasters, and tt individuals
nontasters (although other modes of inheritance were occasionally suggested (cf. [29-31];
see [32] for a detailed review).

In 1994, Bartoshuk, Duffy and Miller published the first peer reviewed paper on
supertasting, subdividing tasters into ‘supertasters’ and ‘medium tasters’ via multiple PROP
and sodium chloride solutions as whole-mouth stimuli, which were rated for intensity using
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magnitude estimation [22]. They speculated that ‘supertasters’, those reporting intense
bitterness from PROP, might be homozygous dominant (e.g. TT) with ‘medium tasters’
being heterozygous (e.g. Tt) [22], although molecular data later disproved this (e.g. [11,12]).
The concept of supertasting has evolved over time, and a variety of phenotyping methods
now exist to determine who is or is not a supertaster (see [33] for a review). In the original
1994 paper, a ratio of PROP intensity to salt intensity was used to categorize individuals: a
ratio below 0.8 were defined as nontasters, and above 1.2 were considered supertasters [22].
Using similar logic, a graphical variant of this method uses three concentrations of salt and
PROP solutions [34]. In the graphical method, the psychophysical function is plotted for
each individual, and they are categorized into super, medium and nontasters depending on
whether the PROP ratings are higher, the same, or lower than those for salt, respectively
[34]. This can be reduced to a one solution test, which still shows high test-retest reliability
[34]. 1t was later demonstrated that using sound rather than NaCl as a reference against
which to normalize the PROP ratings resulted in greater effect sizes [35], since the intensity
of a wide range of taste stimuli, including salt, increase with increased PROP perception
[35-37]. Given this limitation in salt-based classification methods, other researchers have
normalized PROP ratings to other modalities like tones [19] or weights [38] or remembered
sensations like the brightness of the sun [39] prior to classification, while other reports use
raw (unnormalized) PROP ratings and classify individuals either on the basis of a priori
cutoffs [6,40] or the observed distribution in the data [41,42]. Notably, both the observed
distribution method, and the a-priori cut-off method are typically based on the early
assumption that a given population should have a 25/50/25 split, with the lower quarter
being nontasters, the upper quarter being supertasters and the remainder being medium
tasters. Simple Mendelian genetics would dictate that the population should have the
proportions 25% tt, 50% Tt, and 25% TT. However, this assumption may not be valid, given
newer data.

Other work suggests PROP bitterness is a continuous variable and should be treated as such
(e.g. [21], although traditional trimodal classification schemes may reflect the underlying
distribution of larger populations [43]. Most work uses liquid stimuli, although PROP has
also been delivered via filter paper discs [44] or dissolving strips [45] placed on the tongue;
such methods are particularly useful for conducting large-scale studies outside of the
laboratory environment (e.g. [17,46].

In addition to variability from different classification schemes, choice of scaling methods
may hinder comparisons across research groups and populations. Although the field has
largely settled on the general Labeled Magnitude Scale (QLMS) [47] or its predecessor, the
Labeled Magnitude Scale (LMS)[48], use of other psychophysical scales complicates
interpretation of earlier reports (e.g. [49-52].

Regardless of the classification method, it has often been shown that PROP bitterness
perception correlates with greater intensity ratings from other taste stimuli. However, Lim et
al. [53], state that other taste stimuli may be better markers of general taste ability, due to the
bimodal nature of PROP taste perception. Using NaCl, sucrose, citric acid and quinine as the
taste stimuli, they found that while the four taste stimuli correlated to each other, PROP
correlated only to the bitterness of quinine. Rather than the typical suggestion that number of
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taste buds or FP density could explain covariation between PROP and other tastants, Lim
and colleagues suggested that correlated intensities might be due to a central gain
mechanism; whether this mechanism might have a simple genetic correlate is unknown.

The role of taste bud density in generalized supertasting (hypergeusia) [33] has been
revisited recently, with a report which suggested PROP taste intensity also associates
variations in the CA6 (gustin) gene [54]. The CA6 gene encodes the carbonic anhydrase VI
protein, an enzyme that catalyzes the hydration of carbon hydroxide in saliva, [55] and is
thought to have an important role in taste bud function. A SNP in CA8, rs2274327
(Thr55Arg) results in different variations, which have been implicated in salivary buffer
capacity; in individuals with the highest buffer capacity, those with two thymine nucleotides
(i.e. TT allele carriers) were significantly lower than expected by chance [55]. A range of
other SNPs within CA6 were examined in that report, but rs2274327 appeared to be the only
functional SNP, at least with regard to buffer capacity.

Padiglia and colleagues [14] examined the rs2274333 SNP within CA6 and observed that
‘A’ (adenine) alleles were more frequent in supertasters (as defined by a graphical
PROP:salt ratio). The authors speculated the differences in taste intensity might have been
due to varying FP density, although they did not measure FP in their report. Therefore, an
open question remains as to whether SNPs within the CA6 gene are related to taste intensity
for other taste stimuli. Also, it is unknown whether number of FP varies with
polymorphisms within CA6. Thus, the goals of the present study were to: a) examine
putatively functional SNPs in the CA6 gene as predictors of variation in suprathreshold taste
intensity for salty and bitter tastants, and b) assess potential relationships between CA6
SNPs and number of fungiform papillae.

2. Materials and methods

2.1. Participants

243 reportedly healthy participants (146 women), aged 18-45 were recruited from the
Pennsylvania State University campus and surrounding area. Written, informed consent was
obtained from each participant and participants were reimbursed for their time. Individual
test sessions with the participant and experimenter took approximately 60 min to complete,
of which 5-10 min was spent photographing the tongue.

2.2. Stimuli and psychophysical measurement

As reported elsewhere, the first day of testing included taste stimuli in two different blocks
as part of a larger, ongoing study into the genetics of oral sensation (e.g. [56]). Subjects
rated their perceived intensity of stimuli on a generalized Labeled Magnitude Scale (QLMS)
with a top anchor of ‘strongest imaginable sensation of any kind’. (Snyder et al. [47], found
that the modifier ‘imaginable’ is not needed, but we included it for comparability with
previous reports). All participants completed a short orientation session on the use of the
scale and an onscreen test to rate a range of remembered and imagined taste and non-taste
stimuli before proceeding to the taste tests (e.g. [57]).
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In the first block of stimuli, participants received: sucrose (0.5 M), potassium chloride (0.56
M), quinine hydrochloride (0.41 mM), capsaicin (0.25 uM) and a mixture of monosodium
glutamate/inosine monophosphate (100 mM/50 mM). (Adding IMP to MSG intensifies the
perception of umami in a superadditive fashion [58]). After being instructed that the
presented stimuli may elicit multiple sensations, participants were asked to consider all
sensations on all trials, and rate the intensity sweet, sour, salty, savory/umami, bitter, and
burning sensations on separate generalized Labeled Magnitude Scales.

PROP phenotype was collected using standard methods, as described elsewhere [6]. Briefly,
participants received ten 10 mL PROP solutions (3.2, 1, 0.32, 0.1, and 0.032 mM, in
duplicate), ten 10 mL salt solutions (0.01, 0.032, 0.1, 0.32, and 1 M, in duplicate) and 25
1000 Hz tones in fixed blocks (i.e. 5 tones, 5 salt solutions, 5 tones, 5 salt solutions, 5 tones,
5 PROP solutions, 5 tones, 5 PROP solutions, and 5 tones). Within a block, stimulus order
was counterbalanced. Tones (50 to 90 dB in 10 dB steps) were generated with a Maico
MA39 audiometer calibrated to deliver the specified sound pressure level binaurally. The
tastants, USP grade 6-n-propylthiouracil, potassium chloride (both Sigma) and kosher salt,
were prepared using reverse osmosis (RO) water. Participants rinsed with room temperature
RO water between each sample, with minimum interstimulus interval of 30 s enforced
between each sample. Overall intensity was rated on a gLMS.

2.3. DNA Collection and Genotyping

DNA was obtained using salivary collection kits (Genotek, Ontario, Canada) according to
manufacturers directions, and genotyped using Sequenom MassARRAY (Sequenom, San
Diego, CA) technology. We examined 12 SNPs within CA6: rs12748400, rs17032907,
rs2274327, rs2274328, rs2274333, rs2274334, rs3737665, rs3765964, rs3765965,
rs3765967, rs3765968 and rs7545200. Within TAS2R38, one SNP, A49P (rs713598) was
examined in the present analyses. TAS2R38 contains three SNPs (A49P, A262V and V2961)
which form two common haplotypes, designated P-A-V and A-V-I. These associate
differentially with PROP bitterness perception. Since these SNPs show strong linkage
disequilibrium, the A49P SNP alone was deemed a sufficient indicator of haplotype for the
present analyses. Genotypes were assigned automatically via MassARRAY software
(Sequenom) and independently inspected by 2 technicians. As a standard procedure, 15% of
samples are rerun to ensure reliability.

2.4. Fungiform papilla counting

The researcher stained the front section of participants’ tongues using blue coloring on
sterile cotton swab, allowing FP to be visualized. The participant rested his or her chin on a
table-mounted chin rest, and held their tongue between a specially-constructed transparent
holder. This consisted of two clear plastic slides (VWR International), 25 mm x 77 mm in
dimension, fastened together with a screw and bolt, and containing a 6 mm diameter white
adhesive circle. 3-5 photographs were taken of the tongue in a flat plane. Photographs were
taken with a Canon EOS Rebel T3i camera used in manual mode with the following
settings: 1SO 800, Aperture: 29 (F29), shutter speed: 1/200. The focus on the lens was set to
automatic focus (AV mode). The procedure was carried out in a darkened interior room
without windows or other ambient light, using a macro ring light attachment, Canon
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MR-14EX, which was set in ETTL mode at —1. Pictures were transferred to a computer and
using Adobe Photoshop CS5.1, the images were enlarged and the number of FP within a
circle of 6 mm in diameter was counted, for two areas, on the left and right of the midline of
the tongue, near the tip. Previous research has found this to be the optimum area for
counting FP. An average for both areas was obtained and this number converted to FP per
cm2. Two researchers independently counted each tongue.

2.5. Statistical analysis

3. Results

Repeated-measures ANOVA was performed separately for each CA6 SNP to examine the
effect of genotype on salt and PROP perception, with concentration as the repeated measure.
To control for TAS2R38 genotype, allelic variation at the A49P SNP was entered in the
model. Prior reports have implicated the carbonic anhydrase VI (CA6) rs2274333 SNP in
categorical PROP taster status [14], so we tested the association between rs2274333
diplotype and PROP taster status via chi-square, using two different classification methods
for PROP taster groups. Bi-variate Pearson’s correlation was used to check for correlation
between FP density and PROP intensity. One-way ANOVA was performed to test whether
the perceived intensity of KCI and whether the number of FP varied in the different CA6
diplotype groups. Statistical analyses were carried out in SPSS, Version 21.

3.1. SNPs within CA6 did not associate with PROP intensity, irrespective of TAS2R38

We failed to find any evidence that the Ser90Gly SNP (rs2274333; chr 1) explained
variation in PROP intensity [F(2,238) = 0.119; p = 0.888), in contrast to prior reports [54].
This SNP was not in linkage disequilibrium with any of the SNPs in CA6; the LD plot for
the 12 SNPs we tested is shown in Fig. 1. No differences in PROP intensity were observed
for any of the other SNPs.

To ensure that any potential association between CA6 and PROP intensity was not obscured
by the effect of TAS2R38 genotype, we repeated the analysis, controlling for TAS2R38
variation. In repeated measures ANOVA testing for simultaneous effects of CA6 and
TAS2R38 SNPs on PROP intensity, there was a main effect of the TAS2R38 A49P SNP
[F(1,236) = 112.74; p < 0.001] as expected. However, the Ser90Gly rs2274333 SNP was
still not a significant predictor of PROP bitterness [F(2, 236) = 0.122; p = 0.886]. Nor were
similar models for the other CA6 SNPs significant (all p’s > .05). Fig. 2 shows the mean
bitterness intensity ratings in the different SNPs of rs2274333 in the A49P SNPs of
TAS2R38 for the highest concentration of PROP (3.2 mM, where any difference in
perception between genotypes would be expected to be greatest).

3.2. SNPs within CA6 associated with NaCl intensity

Since the SNPs that we tested in CA6 did not associate with PROP intensity, we examined
perceived NaCl intensity to determine whether this could explain the association with taster
status in previous reports, as salt ratings are half of the ratio used when the phenotype is
defined in this way. We observed that two of the CA6 SNPs were significantly associated
with salt intensity via one-way repeated measures ANOVA. The synonymous Asn256 SNP
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(rs3737665; chr 1) associated with differences in the perceived intensity of NaCl (Fig. 3)
[F(2,237) = 4.54; p = 0.012].

The Gly287Glu SNP (rs3765964; chr 1) also associated with differences (Fig. 4) in the
perceived intensity of NaCl [F(2,240) =6.25; p = 0.002].

3.3. Effects of CA6 SNPs on the saltiness and bitterness of KCL

One-way ANOVA was used to examine the saltiness and bitterness ratings for 0.56 M KCI
for each CA6 SNP; bitterness did not vary as a function of any of these SNPs. Regarding
saltiness, two SNPs were significantly associated with KCI saltiness. Again, the
synonymous Asn256 SNP (rs3737665; chr 1) associated with differences in KCI saltiness
[F(2,237) = 3.645; p = 0.028]. The Thr55Met SNP (rs2274327; chr 1) also associated with
differences in KCI saltiness [F(2,236) = 3.83; p = 0.023].

3.4. Taster status and PROP ratio

Using the ratio method to trichotomously classify individuals as non-, medium and
supertasters (NT, MT, ST) [22], there was no evidence of distributional differences for the
Ser90Gly SNP (rs2274333) across groups, in conflict with earlier reports. However, our data
were skewed towards ‘supertasters’ when using this classification scheme. Because of
reports that supertasting is more common in women than in men [59], we checked that this
over representation was not due to the greater proportion of women: in our data, the
proportion of supertasters (ST) using cut-off values of 0.8 and 1.2, did not differ in men and
women: 66.7% ST, 12.1% MT and 21.2% NT, versus 61.2% ST, 15.0 % MT and 23.8% NT,
respectively (;(2 (2) = 1.565, p = 0.45). This proportion of ST is still much larger than would
typically be expected (assuming 20-30% supertasters, a dataset of this size would be
expected to have 50-75 supertasters). This is likely partly due to the arbitrary nature of the
1.2 cut-off for medium and supertasters. Modifying the criterion upward to a value of 2.25
gave more expected proportions.

To further investigate the previously reported link between taster status and alleles of CA6, a
PROP:salt ratio was created and cut-offs of 1.2 and 0.8 for the supertaster and nontaster
groups were applied per Bartoshuk et al. [22]. As shown in Table 1, there was no
relationship between PROP group (as determined via PROP ratio) and rs2274333 diplotype
(x? (4) = 9.325, p = 0.053).

We also adjusted the ratio for the ST:MT cutoff, to 2.25, to obtain more typical ST:MT:NT
proportions, (29.85, 47.3% and 22.9%), and repeated the chi-squared analysis on these
adjusted ratios (Table 2). Again, we found no evidence of a relationship between PROP
group and rs2274333 diplotype (y2 (4) = 1.02, p = 0.91), in contrast to that reported
previously for rs2274333 by Padiglia et al. [14], and Calo et al. [54].

3.5. PROP intensity, FP density and variations in CA6

Fungiform papillae (FP) densities ranged from 22.99 to 128.22 FP per cm?, and the average
density was 69.71/cm? (1.62 S.E.M). Here, there was no correlation observed between FP
density and PROP bitter intensity. Further, FP density did not differ by any of the SNPs in
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CAG that were shown above to associate with salt intensity (Fig. 5). Controlling for age and
gender did not change this conclusion.

4. Discussion

Here we find evidence that polymorphisms in the carbonic anhydrase gene CA6 associate
with the perception of salt, but not PROP. Recently, Cal6 and colleagues (2011) reported
that mean bitterness from PROP differed by the rs2274333 SNP in CA6 in 72 Sardinian
individuals: bitterness from 3.2 mM PROP was greater in individuals with the AA diplotype
(Ser90 homozygotes) compared to the GG diplotype (Gly90 homozygotes). Here, we failed
to replicate this result in a larger mixed ancestry North American cohort. Previously,
Padiglia and coworkers [14] reported that the frequency of rs2274333 AA diplotypes was
overrepresented in supertasters (defined via a salt ratio). Again, we failed to replicate this
finding in present data using supertaster groups defined via salt ratios. Additionally, we
failed to find any association between CA6 polymorphisms and number of FP.

A recent report by Bae et al. (2012) examined perception of the closely-related thiourea-
containing compound PTC in relation to three SNPs (rs2274327, rs2274333 and rs2274328)
within the carbonic anhydrase gene in Korean participants, with taste disorders and in a
control group with normal taste function. Although they found that for one of the SNPs they
examined (rs2274328) the frequency of AA individuals was greater than expected in the
taste disorder subjects, they found no association with PTC sensitivity for any of the SNPs
examined. It is unclear how the CA6 gene (which does not encode a specific receptor for
PROP but rather is thought to exert an effect via differential zinc binding) could explain
variation in PROP bitterness observed by Calo et al. (2011) but not PTC bitterness, when
variation in the hT2R38 receptor correlates strongly with perception of both of these
compounds. Further, research conducted around the time that the chromosomal location for
the TAS2R38 gene was determined, suggested a region of chromosome 16 might be
associated with PTC taste perception [20]. However, CA6 is located on chromosome 1.

The finding of Bae and colleagues [60], in conjunction with present data, suggests that the
observation by Padiglia and colleagues [14] regarding the allele frequencies in supertasters
may arise from the manner in which taster status in those studies was determined. That is,
the use of the PROP:salt ratio to define taste phenotype may have suggested an association
with PROP intensity when in fact the underlying association was with salt taste intensity.
However this would not explain the differences observed in absolute bitterness intensity
later reported for the same SNP [54].

Nonetheless, a number of studies have shown that salt intensity increases as a function of
PROP intensity, which taken in consideration with our findings, suggest that the use of a
PROP:salt ratio may not be the most appropriate choice to define PROP supertaster status as
we now know that salt intensity ratings are confounded with PROP intensity ratings.
Further, the underlying SNP responsible for this perceptual difference may in fact be
rs3737665 rather than rs2274333 as previously reported, as we observed LD between these
SNPs (Fig. 1) and found more differences across rs3737665 alleles compared to rs2274333
between the five concentrations of salt tested.
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Carbonic anhydrase has been described both as a salivary zinc metalloprotein, and as a
trophic factor for taste bud development. Meanwhile, PROP sensitivity is often but not
always reported to associate with fungiform papillae density [22,23,61], c.f. Prutkin et al.
[62] (in women) and Garneau and Derr [25]. Prutkin and colleagues reported a correlation
between FP and PROP intensity, but only in women. Within the studies that have observed a
correlation between FP density and PROP bitterness, the relationship is not absolute;
Yackinous and Guinard [61] found that the distribution of FP overlapped PROP taster
groups. Other work indicates FP number is independent of the TAS2R38 gene [12]. Since
variation in the CA6 gene reportedly explains an additional variation beyond TAS2R38 with
regard to PROP, the logical conclusion was thus that fungiform papilla densities might differ
with SNPs of CA6, e.g. [14,54]. However, we fail to find evidence to support this
speculation here, as we did not observe any significant difference in fungiform papillae
density with any of the CA6 SNPs examined. Essick and colleagues [63] showed that
nontasters tended to have larger and fewer FP than medium and supertasters of PROP.
Considering that the taste buds lie within the FP, it is not unreasonable to assume that larger
FP would have more taste buds within them. Thus, the link between FP and taste intensity
that is observed in some studies remains unclear, and is a topic that deserves further
attention. One possible factor may be that the measurement of one area of the tongue does
not take into account differences in total tongue size, meaning that smaller people could
appear to have a greater FP density. This might explain some of the observations of greater
FP numbers in females.

Padiglia et al. [14] reported that salivary zinc concentrations were lower in PROP
supertasters, and suggested that the rs2274333 SNP may influence the binding between zinc
and gustin, which could then reduce the taste function. Bae and colleagues [60] observed
that the number of participants who had a taste disorder was higher in AA individuals for
rs2274328, yet they also showed that rs2274333 was not in LD with rs2274328. Therefore it
is possible that both of these SNPs separately influence zinc binding. Alternatively, other
SNPs within the CA6 gene may influence other aspects of taste perception such as saliva
content and/or volume. Recently, salivary flow has been shown to influence the perception
of salty, but not bitter tastes, [64], thus it remains possible that other SNPs within CA6
differentially affect salivary flow which might explain why these SNPs associate with salt
but not bitter, taste intensity. More effective salivary buffering action is associated with
increased concentrations of total protein and calcium, sodium and chloride, all of which tend
to be higher during high flow rates [65,66]. Peres et al. [55] showed that in those with high
salivary buffer capacity, the frequency of C alleles (one or more) for the rs2274327 SNP
was greater than expected. As this SNP was reported to be in strong LD with rs2274328
[60], it is therefore possible that the differential taste function observed may be due, at least
in part, to differences in salivary buffer capacity and/or salivary flow. Here, however, we did
not find a significant difference in the ratings for either NaCl or KCI for either of those
particular SNPs. Further work is needed in this area to pinpoint the causal regions within
CAG for these difference and to further explore the interplay between these two factors and
the range of known SNPs within the CA6 gene.
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5. Conclusion

In this large laboratory study of individuals with mixed ancestry, neither PROP intensity
ratings nor fungiform papillae density differed with genetic variations in CA6. These results
imply that a previous report [14] suggesting supertasters were more common in individuals
homozygous for the ‘A’ allele at SNP rs2274333 might have stemmed from a difference in
salt perception rather than perceived bitterness, since the authors had used a ratio of PROP
and salt perception to classify individuals. However, the individual PROP bitterness scores
in the Italian population were later shown to vary with CA6 differences [54]. It is unclear
why we were unable to replicate that finding in this sample, but one possibility is that
although not a “genetically isolated’ population, the participants from that study were
primarily Italian Europeans, and the cohort has been previously described as “ethnically
homogenous” [67], whereas the participants from the present sample were more ethnically
diverse, in addition to the much larger sample size presented here. The finding that salt
perception varies with some variations in CA6 may further our understanding of the
transduction of the taste of salt, and future work will further investigate this using a variety
of other salty stimuli.
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Fig. 1.
LD plot of SNPs examined within CA6. SNPs are listed in the order on which they lie on the

chromosome. Black lines indicate LD blocks.
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Fig. 2.

TAS2R38 A49P Heterozygote

TAS2R38 P49 Homozygote

Perceived bitterness for 3.2 mM PROP on a gLMS. Dots represent individuals with varying
alleles for the CA6 rs2274333 Ser90Gly SNP, nested within TAS2R38 allele. The horizontal
black lines are group means. As expected, PROP bitterness differed by TAS2R38 (p<.0001;

see text). Within TAS2R38 groups, AA individuals for the CA6 rs2274333 SNP did not show

elevated bitterness (p>.8; see text for details).
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Perceived Salt Intensity with alleles of rs3737665. Salt intensity for a range of salt solutions
was rated on the gLMS. Error bars depict standard error.
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was rated on the gLMS. Error bars depict standard error.
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FP density in different allele groups for a range of CA6 SNPs. Shown are FP densities per
cm? for all the CA6 SNPs suggested in one-way ANOVA analysis to associate with one or
more concentrations of salt intensity. The n in each bar represents the number of participants
for that allele group and error bars represent the standard error.
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Table 1

Chi-squared table of rs2274333 diplotype by PROP taster status (as determined by traditional PROP:salt ratio
cut-off values).

rs2274333 (Ser90Gly)  Supertaster (63% of total) Medium taster (14% of total)  Nontaster (23% of total)

Ser90 (n 109) 74 10 25
Ser90Gly (n 98) 62 14 22
Gly90 (n 34) 16 10 8
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Table 2

PROP taster status by rs2274333 diplotype (taster status was determined by adjusted PROP:salt ratio cut-offs
to obtain the expected ST:MT:NT distribution).

rs2274333 (Ser90Gly)  Supertaster Medium taster  Nontaster

Ser90 (n 109) 30 54 25
Ser90Gly (n 98) 33 43 22
Gly90 (n 34) 10 16 8
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