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Abstract

Bitter taste perception, mediated by receptors encoded by the TAS?R loci, plays important roles in
human health and nutrition. Prior studies have demonstrated that nonsynonymous variation at site
516 in the coding exon of TAS2R16, a bitter taste receptor gene on chromosome 7, has been
subject to positive selection and is strongly correlated with differences in sensitivity to salicin, a
bitter anti-inflammatory compound, in human populations. However, a recent study suggested that
the derived G-allele at rs702424 in the TAS2R16 promoter has also been the target of recent
selection and may have an additional effect on levels of salicin bitter taste perception. Here, we
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examined alleles at rs702424 for signatures of selection using Extended Haplotype Homozygosity
(EHH) and Fg statistics in 44 diverse populations from West Central, Central and East Africa.
We also performed a genotype-phenotype analysis of salicin sensitivity in a subset of 135
individuals from East Africa. Based on our data, we did not find evidence for positive selection at
rs702424 in African populations, suggesting that site 516 is likely the variant under selection at
TAS2R16. Additionally, we did not detect a significant association between rs702424 alleles and
salicin bitter taste recognition, implying that this site does not contribute to salicin phenotypic
variance. Overall, this study of African diversity provides further information regarding the
genetic architecture and evolutionary history of a biologically-relevant trait in humans.
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Introduction

Bitter taste receptors, encoded by the TAS2R genes, are involved in a number of biological
processes, including oral sensory perception 123 and immune response 48, adding a level
of complexity to our understanding of these receptors’ function. Prior genetic analyses have
reported strong signatures of selection at TAS2R loci on chromosome 7 7:8:9.10.11 'gyggesting
these genes have been functionally important during human evolution. For example, the
derived T-allele at site 516 within the coding exon of TAS2R16 has been identified as a
target of positive selection, and has been correlated with increased cell surface expression of
the TAS2R16 receptor and heightened sensitivity to salicin bitterness 810, A recent genetic
study of global populations (including six African populations) also detected long-range
linkage disequilibrium (LD) on chromosomes with both the derived T-allele at site 516 and
the derived G-allele at rs702424 in the TAS2R16 promoter, and inferred recent selection for
haplotypes carrying these two mutations 9. To test for signatures of selection within the
TAS2R16 promoter, we analyzed allelic variation at rs702424 together with sequence data
from the TAS2R16 coding exon in a large set of diverse populations from West Central,
Central and East Africa. We also tested for an association between genetic variability at
rs702424 and threshold levels of salicin taste recognition in individuals from East Africa.

Methods and Results

We examined allelic variation (G/A) at rs702424 from the 1M Illumina Duo array
genotyped in 697 individuals originating from 44 populations in West Central, Central and
East Africa (Supplementary Table 1). African populations with shared genetic similarity, as
well as cultural and/or linguistic properties (for example, Khoesan-speaking hunter-
gatherers, Niger-Kordofanian-speakers and Afroasiatic-speakers) were pooled together for
subsequent analyses as described in (8) and (12). We found that the derived G-allele at
rs702424 ranged in frequency from 4.2% in the Bulala population from Chad (Central
Africa) to 32.5 % in the Luo Nilo-Saharan-speakers from Kenya (East Africa)
(Supplementary Table 2). To investigate signals of selection based on allele frequency
differences, we estimated average Fst among populations at rs702424 13 and compared this
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observed estimate to a genome-wide distribution of Fg values derived from (a) 1069
randomly sampled SNPs from the 1M Illumina Duo array and (b) HapMap Phase 111 SNP
data in African populations. These analyses indicated that our observed Fgt estimate (Fst =
0.01) at rs702424 was not unusual compared to the empirical distribution (occurring at the
27th percentile for both the 1M Illumina and HapMap SNP data), implying the absence of
extensive population divergence at this site. Furthermore, our observed Fgt at rs702424 was
not significantly different from mean Fgt of the 1069 SNPs from the 1M Illumina array
based on the one sample t-test (t=22.8, df=1068, P >0.05). By contrast, however, in a prior
analysis of TAS?R16 in a similar set of diverse African populations we found that observed
Fst at polymorphic site 516 (Fs7=0.076) in the coding exon was an outlier (> 98t
percentile) in the genome-wide distribution of Fgt values derived from the 1M Illumina
data, consistent with a model of local adaptation at this locus .

To increase power to accurately reconstruct haplotypes, we integrated genotype data at
rs702424 with previously collected TAS2R16 coding exon sequences for the same
individuals (N=165), and we inferred 9 distinct haplotypes. We then constructed a median-
joining network (Figure 1) which showed that haplotype diversity grouped into two main
clusters: (1) “A-G” haplotypes (defined by the ancestral A-allele at rs702424 and the
ancestral G-allele at site 516 within TAS?R16, respectively) and (2) “A-T” haplotypes
(defined by the ancestral A-allele at rs702424 and the derived T-allele at site 516,
respectively), and “G-T” haplotypes (defined by G-allele at rs702424 and the derived T-
allele at site 516, respectively) (Table 1 and Figure 1). Our genealogy also revealed that “G-
T” haplotypes were present in divergent African populations with different diets and living
in different geographic regions (Table 1; Figure 1), suggesting that these variants are quite
old. However, given that the “G-T” haplotypes are positioned furthest from the root of the
tree (Figure 1), we argue that the derived G-allele at rs702424 is likely younger than the T-
allele at site 516 which was previously estimated to be ~1 million years old®. In addition,
the reticulation among the “A-T” and “G-T” haplotypes in the “high-sensitivity” clade in
Figure 1 indicates that recombination has occurred between variation at rs702424 and the T-
allele at site 516 in African populations.

To further explore signatures of selection based on long-range LD patterns, we applied the
Extended Haplotype Homozygosity (EHH)* test in African samples for which we had
Illumina 1M-Duo genotype and TAS?R16 sequence data (N=165). Specifically, we
integrated previously sequenced TAS2R16 coding exon data with ~60,000 SNPs from the
[llumina 1M Duo genotyped across the entire length of chromosome 7, and measured the
decay of EHH from the core SNP (rs702424). However, we did not observe extensive EHH
on chromosomes carrying the derived G-allele at rs702424 compared to chromosomes
carrying the ancestral A-allele (Figure 2; Supplementary Supplementary Figure 1), contrary
to the pattern we would expect for a recent selective sweep of variation.

Levels of salicin (a known ligand of the TAS2R16 receptor) sensitivity were measured using
a modification of the classic threshold recognition test!® in a subset of 135 individuals from
East Africa. We examined the functional effect of common variation at rs702424 by
comparing mean salicin score (transformed to a normal distribution) for three genotypic
classes: (1) individuals homozygous for the derived G-allele at rs702424 and with at least
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one T-allele at site 516 (2) individuals heterozygous for variation at rs702424 and with at
least one T-allele at site 516 (3) individuals homozygous for the ancestral A-allele at
rs702424 and with at least one T-allele at site 516 using a GLM univariate ANOVA
adjusting for age and sex. We observed a lower mean salicin score for individuals
homozygous or heterozygous for the G-allele at rs702424 compared to individuals
homozygous for the A-allele at the same site. However, the difference in mean score
between these genotypic classes was not statistically significant (P > 0.05).

Discussion

Although previous analyses detected signatures of positive selection at site 516 in the coding
exon of TAS2R16 in Africa 810, we did not find evidence of selection at rs702424 in the
TAS2R16 promoter based on EHH and Fgr statistics in a similar set of African populations
in the present study. However, a study inferred recent selection for the derived mutations at
rs702424 and site 516 primarily in Eurasian populations °. Given the widespread global
distribution of the derived G-allele at rs702424 °, we suggest that this mutation arose on
haplotypes with the derived T-allele at site 516 before modern humans migrated from Africa
~40,000-80,000 years ago. If, indeed, selection occurred only on haplotypes carrying the
derived alleles at both rs702424 and site 516 in non-Africans as previously proposed ?,
selection at site rs702424 must have occurred after the expansion of modern humans out of
Africa. Alternatively, the long-range LD structure present in non-Africans may have resulted
from the population bottleneck that accompanied the geographic expansion from Africa 916,
Nonetheless, it is clear that the G-allele at rs702424 has not been a target of positive
selection in African populations unlike the derived T-allele at site 516. In addition, we did
not observe a significant effect of alleles at rs702424 on salicin bitter taste recognition,
supporting the recent finding that nonsynonymous variation at site 516 mainly influences
salicin phenotypic variance. While variability at rs702424 did not exhibit signals of selection
in Africa and was not correlated with salicin bitter taste, continued research on TAS?2R16 and
other TAS2R loci (including regulatory variation), together with phenotype data, will be
important for understanding both the evolution and function of these understudied receptor
genes.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Genealogy of Haplotype Relationships in African Populations
Here, the circles represent haplotypes, and the size of the circles indicates the number of

chromosomes in our samples with that particular haplotype. The colors within each circle
also represent the proportion of that haplotype found in a particular population. The numbers
between haplotypes indicate the nucleotide position where a mutation has occurred (-725 is
the nucleotide position of rs702424 upstream from the transcription start site of TAS2R16).
The dashed lines demarcate haplotypes previously associated with “high” and “low” salicin
bitter taste sensitivity 810In addition, we indicated haplotypes defined by variation both at
rs702424 in the TAS2R16 promoter and at site 516 in the TAS?2R16 coding exon,
respectively (for example, “G-T” haplotypes which correspond to the G-allele at rs702424
and the T-allele at site 516, respectively).

J Hum Genet. Author manuscript; available in PMC 2014 December 01.



1duosnue Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Campbell et al.

Page 7

KE-AA (2N=98) KE-NS (2N=52)
s 12
1 1
08 z 08
x w
ancestral
b o8 ~———ancestral 06 ‘
——derived <—deried
04 0.4
02 02
0 - . ; 0 >
1223 1225 12256 1226 1223 1224 1225 1226
genomic position (Mb) genomic position (Mb)
Fulani (2N=16) Omotic (2N=30)
12 1.2
1 1
08 08
z E
Woooe angesrs) = 06 ——ancestral
derived Asitoast
04 0.4 -
02 4 02 A
o o ; T
1224 1225 1226 1226 1221 1223 1224 1225 122.6
genomic position (Mb) genomic position (Mb)

Figure 2. EHH Plots for Selected African Populations
We applied the EHH statistic to identify signatures of recent positive selection based on

long-range LD on chromosomes containing the rs702424 core SNP of interest for
individuals for which we also had Illumina Human 1M-Duo genotype and TAS?2R16
sequence data (N=165 individuals). The decay of haplotype homozygosity on chromosomes
was measured by calculating EHH for the core rs702424 SNP and the surrounding SNPs in
the order of increasing distances on either side of the core (in Mb). EHH=0 means all
extended haplotypes are different, while EHH=1 indicates that all extended haplotypes are
the same. Here, the red line represents the decay of homozygosity on chromosomes carrying
the derived G-allele at rs702424, while the blue line signifies the decay of homozygosity on
chromosomes with the ancestral A-allele at the core site. KE-AA and KE-NS are
abbreviations for Kenyan Afroasiatic-speakers and Kenyan Nilo-Saharan-speakers,
respectively. Omotic-speakers and the Fulani are from Ethiopia and Cameroon, respectively.
The number of chromosomes (2N) analyzed for each population is given in parentheses.
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