DIGITALCOMMONS

— @WAYNESTATE— Wayne State University

Human Biology Open Access Pre-Prints WSU Press

3-7-2015

Genetic Admixture and Flavor Preferences:
Androstenone Sensitivity in Malagasy Populations

Harilanto Razafindrazaka
Centre National de la Recherche Scientifique, Université de Toulouse, France, razafindrazaka.harilanto@gmail.com

Aurore Monnereau
Centre National de la Recherche Scientifique, Université de Toulouse, France

Dina Razafindrazaka

Centre National de la Recherche Scientifique, Université de Toulouse, France
Laure Tonasso

Stephanie Schiavinato
Centre National de la Recherche Scientifique, Université de Toulouse, France

See next page for additional authors

Recommended Citation

Razafindrazaka, Harilanto; Monnereau, Aurore; Razafindrazaka, Dina; Tonasso, Laure; Schiavinato, Stephanie; Rakotoarisoa, Jean-
Aimé; Radimilahy, Chantal; Letellier, Thierry; and Pierron, Denis, "Genetic Admixture and Flavor Preferences: Androstenone
Sensitivity in Malagasy Populations" (2015). Human Biology Open Access Pre-Prints. Paper 71.
http://digitalcommons.wayne.edu/humbiol_preprints/71

This Open Access Preprint is brought to you for free and open access by the WSU Press at Digital Commons@WayneState. It has been accepted for

inclusion in Human Biology Open Access Pre-Prints by an authorized administrator of Digital Commons@WayneState.


http://digitalcommons.wayne.edu/
http://digitalcommons.wayne.edu/
http://digitalcommons.wayne.edu/
http://digitalcommons.wayne.edu/humbiol_preprints
http://digitalcommons.wayne.edu/wsupress

Authors
Harilanto Razafindrazaka, Aurore Monnereau, Dina Razafindrazaka, Laure Tonasso, Stephanie Schiavinato,
Jean-Aimé Rakotoarisoa, Chantal Radimilahy, Thierry Letellier, and Denis Pierron

This open access preprint is available at Digital Commons@WayneState: http://digitalcommons.wayne.edu/humbiol _preprints/71


http://digitalcommons.wayne.edu/humbiol_preprints/71

Genetic Admixture and Flavor Preferences: Androstenone Sensitivity in Malagasy

Populations

Harilanto Razaﬁndrazakal*, Aurore Monnereaul, Dina Razaﬁndrazakal, Laure Tonasso,
Stephanie Schiavinato', Jean-Aimé Rakotoarisoa’, Chantal Radimilahy?, Thierry

. . . *
Letelherl, Denis Pierron’

'Université de Toulouse, Centre National de la Recherche Scientifique, Laboratoire

d’ Anthropologie Moléculaire et Imagerie de Synthese, Unité Mixte de Recherche 5288,
31073 Toulouse, France

’Institut de Civilisations/Musée d’Art et d’Archéologie, Isoraka, Antananarivo 101,

Madagascar

*Correspondence to: Denis Pierron or Harilanto Razafindrazaka, Laboratoire
d’Anthropobiologie Moléculaire et Imagerie de Synthése, CNRS UMR

5288, Université Toulouse III 37 allées Jules Guesdes, 31073 Toulouse, France. Tel :
+33 (0)5 61 55 80 65. Fax : +33 (0)5 61 14 59 79. E-mail: pierron.denis@cnrs.fr or

razafindrazaka.harilanto@gmail.com

Key words: androstenone, anosmia, Madagascar, OR7D4

Abstract

The genetic basis of androstenone anosmia has been well-studied due to androstenone’s

putative role as a human sex pheromone and its presence in pork meat. Polymorphisms



have been identified on the olfactory receptor gene OR7D4, which significantly affect
perception of androstenone pleasantness and intensity in several western populations.

This study aims to investigate androstenone sensitivity and the influence of
OR7D4 polymorphisms in non-western populations. Androstenone perception was
tested in 132 individuals from Madagascar using a double 3-Alternative Choice test
with two concentrations of androstenone (0.17 pg/ml and 1.7 pg/ml).

We found that Malagasy populations described this molecule in a similar way to
European populations, and 21% of the sample was not able to smell androstenone. In
contrast to previous studies, there was no significant evidence of the influence of
rs61729907: C>T (R88W) and rs5020278: C>T polymorphisms (T133M) on
androstenone sensitivity in Malagasy populations. We found, however, a significant
effect of the polymorphism rs61732668 (P79L), and a significant difference in
androstenone perception between populations in different locations across Madagascar.

This study indicates the existence of population specific factors to androstenone
sensitivity, suggesting that population history has a role in shaping an individual’s smell

and flavor preferences, and food preferences in general.



Introduction

There is extreme variation in the olfaction abilities of humans (Menashe et al. 2003,
Keller et al. 2012, Olender et al. 2012). An emerging research interest focuses on the
genetic causes of the diverse perceptions of smell and flavor, because they are likely to
be related to food preferences (Bremner et al. 2003, Menashe et al. 2007, Abbott 2012,
Knaapila et al. 2012, McRae et al. 2012, Pierron et al. 2012, Jaeger et al. 2013,
Mainland et al. 2014, Lunde et al. 2012, McRae et al 2013).

Sensitivity to androstenone (5a-androst-16-en-3-one) has been particularly well-
studied due to its putative role as a human sex pheromone (Wysocki and Beauchamp
1984, Gross-Isseroff et al. 1992, Karl 1993, Araneda and Firestein 2004, Zhou et al.
2014). High frequencies of androstenone specific anosmia have, however, been reported
in some European populations (Annor-Frempong et al. 1997, Mainland et al. 2002,
Bremner et al. 2003, Keller et al. 2007, Bekaert et al. 2011). Moreover, among
androstenone-sensitive individuals perceptions vary: some individuals are indifferent to
the smell (neutral perception), others describe it as a pleasant woody, musky or floral
smell, while others express a high aversion to the smell, describing it as unpleasant,
urinous, or sweaty (Keller et al. 2007, Lundstrom et al. 2006). Recently, androstenone
sensitivity became a societal concern due to the debate regarding animal welfare and the
practice of male pig castration (Annor-Frempong et al. 1997, Blanch et al. 2012);
androstenone being one of the main molecules causing the unpleasant boar taint in non-
castrated pigs (Lunde et al. 2012).

For several decades, androstenone anosmia was known to be a heritable trait
(Wysocki and Beauchamp 1984, Gross-Isseroff et al. 1992), however, no causal

polymorphisms were identified. More recently, sensitivity to androstenone (not only



anosmia) was linked to two polymorphisms: rs61729907: C>T and rs5020278: C>T, on
the olfactory receptor gene OR7D4, which explain about 39% of the valence of
pleasantness and intensity ratings of androstenone (Keller et al. 2007).

These two non-synonymous single-nucleotide-polymorphisms (SNPs) are in
linkage disequilibrium and result in two amino acid substitutions: R88W and T133M
1.e., three genotypes exist: RT/RT, RT/WM and WM/WM. This association has been
replicated in Australian and American populations of European descent (Knaapila et al.
2012). There is also a correlation with genotype and the aversion to androstenone in
pork meat from non-castrated pigs in Norwegian population (Lunde et al. 2012).

Since these results only concern western countries, the present study aims to
quantify the influence of OR7D4 genotypes on androstenone perception in populations
with different ways of life and genetic backgrounds. We tested androstenone perception
in four different Malagasy populations who present high genetic and cultural diversity
inherited from an ancient admixture between African and Indonesian populations

(Razafindrazaka et al. 2010, Pierron et al. 2014).

Materials and Methods

Populations

We sampled and tested men, aged between 18—45 years, who had four grandparents
within a 50 km radius of the sampling location. Individuals came from one of four
distinct regions in Madagascar; 28 individuals were from Antananarivo, 28 from Sainte-
Marie Island, 29 from the Mahajanga region and 33 from the Belo-sur-Tsiribihina
region. Men and women have been repeatedly found to have different detection

thresholds for androstenone (Bekaert et al., 2011; Blanch et al., 2012; Bremner et al.,



2003; Lunde et al., 2009; Weiler et al., 2000; Wysocki and Beauchamp, 1984). We
chose to focus on men, because smell perception in women might be affected by their
hormonal cycle and use of oral contraceptives (Renfro and Hoffmann 2013); our aim
was to only study the effect of OR7D4 polymorphisms.

Sampled individuals whose four grandparents were not from a 50 km radius of
the sampling location were excluded from the region group. Although the results are not
useful in inter-region Malagasy studies, these data are relevant to inter-country studies
(i.e., USA versus Madagascar) and thus, we decided to pool the individuals into one
heterogeneous group labeled “Others”.

No clinical examinations were performed, however: (i) all individuals were
asked whether they suffered from any cold-related or olfactory problems (temporary or
permanent); and (i1) global impaired olfaction was tested by performing a double 3-
Alternative Choice test using Bourgeonal (CAS 18127-01-0) at 1/200 (high
concentration used by Keller et al. 2007) in paraffin oil. Bourgeonal was used for this
test due to its general positive hedonic value. All individuals reported to smoke fewer
than five cigarettes a day. Individuals stating olfactory problems were excluded from
the experiment and all the other individuals were positive for the 3AFC test.
Procedures were approved by the Madagascar National Ethical Committee of the Health
Minister: PROJET GENOMIX "Comité d’Ethique auprés du Ministére de la Santé
Publique - Agence du Medicament de Madagascar".

Individuals were given detailed information on the study and all gave written
consent prior to the study. DNA was collected from saliva using the Oragen Kit.
Genotyping was performed by amplifying the coding region of the OR7D4 gene

(chr19:9324555-9325532, GRCh37/hgl9, 978bp) using the primers that we designed



using primer-BLAST (Ye et al. 2012): 5> CAGCAGACACAACAGCTACAT 3’; 5°
AGTTCTGAGGCCCTGATTTGTC 3’ and the amplicon was sequenced using the same

primers.

Sensitivity Testing

Two concentrations of androstenone (5a-ANDROST-16-EN-3-ONE, Sigma, CAS
18339-16-7) were used for the odor sensitivity tests: the standard concentration of 0.17
pg/ml and a high concentration of 1.7 pg/ml. Crystals of androstenone were diluted in
distilled water and sonicated for 30 mins by Bioruptor (Diagenode). Undissolved
crystals were not removed.

Sensitivity was tested using a double 3-Alternative Choice test, similar to the test
described by Lunde et al. (Lunde et al. 2012). For each test, the subjects were asked to
assess verbally the perceived intensity (1-very low, 2-low, 3-moderate or 4-high) of the
odor. The value of reported intensity corresponds to the mean of the two answers for
the same concentration. Mean values below three were later grouped into a “low”
category for statistical purposes. Subjects were also asked to assess verbally the hedonic
valence (unpleasant, neutral, and pleasant) and to give a description of the perceived
odor. No visual scale was used for either the intensity or hedonic valence.

Individuals were classified as “sensitive” when they were able to detect the
standard concentration, “hyposensitive” when they were only able to detect the high

concentration, and “anosmic” when they were not able to detect either concentrations.



Statistical Methods

Statistics on Genetic data were computed using PLINK and R softwares (R Core Team
2014, Purcell et al. 2007). For each SNP, the departure from the Hardy-Weinberg
equilibrium was computed by Chi-squared test and Likelihood-ratio using
HardyWeinberg R package (Graffelman et al. 2008). The genotype effect on phenotype
was computed using allelic test Chi-squared and logistic regression on genotypes on
PLINK. Correlation between genotype and perceived intensity or hedonic value was

computed by Komogorov-Smirnov test alternative hypothesis using R software.

Results

Among the 132 individuals, about 60% (n = 79) were androstenone-sensitive at 0.17
pg/ml, 19% were hyposensitive at 1.7 pg/ml and 21% were anosmic. These percentages
cannot be reliably compared with other studies, given the significant differences in
methodologies for testing androstenone-sensitivity. Nevertheless, the percentage of
anosmics in Malagasy populations appears to be at the lower value of the reported
range, which is from 18% in USA to 74% in Norway (Bekaert et al., 2011; Blanch et
al., 2012; Bremner et al., 2003; Lunde et al., 2009; Weiler et al., 2000; Wysocki and
Beauchamp, 1984).

We sequenced the OR7D4 locus for 128 individuals (four DNA extractions were
not successful) in order to genotype the polymorphism R88W and T133M. We found
that 83 individuals were homozygous for the ancestral form RT/RT. Forty-one
individuals were heterozygous RT/WM for the two polymorphisms and four individuals
were homozygous for WM/WM (Table 1; Table 2). Considering the Malagasy sample

as a whole, the allele frequency of the derived form was 19% and there was no



significant departure from the Hardy-Weinberg equilibrium (Chi-squared test: 0.155, p
value = 0.69; Likelihood-ratio test = 0.16, p value = 0.69). The observed frequencies for
both SNPs (R88W and T133M) were closer to the frequencies observed in Europe (FIN
:22%, GBR : 18%, IBS : 18%, TSI : 22%) and in Asia (CHB : 20%, CHS : 24%, JPT :
25%) than the frequencies observed in Africa (YRI : 7%, ASW : 4%, LWK : 3%)
(Genomes Project et al., 2012).

The minor allele WM reached its maximum frequency in the Antananarivo
population (33%); although a high proportion of heterozygotes was observed almost no
homozygotes for WM/WM were observed. However there was no significant
divergence from the Hardy-Weinberg equilibrium (Chi-squared test: 2.513, p value =
0.11; Likelihood-ratio test = 2.80, p value = 0.09). With a larger sample we might find
this population to be out of equilibrium; Antananarivo is the capital city and the
population might be socially structured (despite all individuals and their four
grandparents living within a 50 km radius).

We tested the influence of the WM/WM, RT/RT and RT/WM genotypes on the
perception of androstenone and observed that being anosmic was not strongly
influenced by the WM allele. Indeed (i) subjects carrying the WM/WM genotype were
androstenone-sensitive; (ii) 24% of the RT/RT genotype were androstenone anosmic
(Table 1; Figure 1); and (ii1) statistical tests failed to show any significant effect on
anosmia (allelic test Chi-squared :1.68, p value = 0.19; logistic regression on genotypes:
-1.31, p value = 0.19) or on sensitivity (allelic test chi-square : 0.49, p value = 0.49;
logistic regression on genotypes: -0.71, p value = 0.48).

Since the OR7D4 genotype has been proposed to influence subjective perception

(Keller et al. 2007), we asked the participants to rate the intensity and the hedonic value



of the odor at the 0.17 ug/ml concentration. No correlation was observed between the
genotype and the perceived intensity or the hedonic value (Figure 1, Komogorov-
Smirnov, D = 0.333 p value = 1, alternative hypothesis: one-sided).

Regarding the hedonic value (Table 3), it is worth noting that among the non-
anosmics 76% of the RT/RTs found androstenone unpleasant, and only 20% found it
pleasant. For the heterozygotes for RT/WM, the spilt was more balanced with about half
the individuals reporting androstenone as pleasant/neutral and half as unpleasant (Table
3). However, the difference between heterozygotes and homozygotes was not
statistically significant (Chi-squared = 2.82, df = 1, p value = 0.093).

The low percentage of homozygotes for WM/WM genotypes (carried by only
four individuals) indicated that WM/WM is not a major contributor to androstenone
anosmia in the Malagasy. However, it should be noted that our results do not exclude
the influence of OR7D4 on androstenone sensitivity in general.

Since the WM/WM genotype is not the main factor explaining androstenone
anosmia in Malagasy populations, we investigated the influence of other non-
synonymous polymorphisms across the OR7D4 gene. We did not observe any new non-
synonymous polymorphisms specific to Malagasy populations (Table 2), however,
some individuals presented a derived allele for the P79L SNP (rs61732668, allele
frequency = 7%) and the S84N SNP (rs5020280, allele frequency = 2%). We observed
little variation between sampling locations in the frequency of the derived allele at the
S84N SNP (occurring at a frequency of 0% in the Antananarivo, 2% in the Belo and
Sainte Marie, and 3% in the Mahajanga samples) and at the P79L SNP (occurring at a
frequency of 3% in the Mahajanga, 6% in the Antannarivo and Belo, and 12% in the

Sainte-Marie samples). Based on a dataset of 1000 genomes (Genomes Project et al.,



2012), it appears that both SNPs are very rare in Europe and Asia (allele frequency less
than 1% in any population), but they are more frequent in Africa (P79L rs61732668 :
ASW: 11%, LWK : 11%, YRI: 13%) , (S84N - rs5020280 : ASW: 7%, LWK : 4%,
YRI: 3%). The observed frequencies appear to be congruent with the Malagasy context
of admixture between African and Asiatic populations.

In vitro experiments suggest that S84N carriers would be more sensitive to
androstenone (Keller et al. 2007), because we found only four heterozygotes it was not
possible to test this hypothesis. Nevertheless, it is interesting to note that none of these
heterozygotes are anosmic (two sensitive and two hyposmic) which is consistent with
(Keller et al. 2007). In contrast, we found that the polymorphism P79L was significantly
associated with androstenone anosmia (allelic test Chi-squared : 6.343, p value = 0.011,
logistic regression on genotypes 2.5, p value = 0.012), confirming Keller et al. findings.
Of the 18 individuals heterozygous for the P79L SNP only two individuals reported
androstenone as an unpleasant odor, therefore, a significant association was found with
the hedonic rating (allelic test chi-square : 7.078, p value = 0.008, logistic regression
on genotypes -1.962, p value = 0.05). None of the five individuals heterozygous for
P79L and WM were sensitive to androstenone (four anosmics and one hyposmic),
which is consistent with the in vitro experiment suggesting a deleterious effect of the
P79L polymorphism (Keller et al. 2007).

Finally, we assessed other factors, such as geographical origin. Interestingly, we
found a significant difference between the location of individuals and their intensity
rating and hedonic valence (Figure 2). For example, all individuals sensitive to
androstenone living in Mahajanga described the smell as unpleasant, which was

significantly different from other sampled populations (Fisher Exact test, p = 8 x10™).
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The Malagasy descriptions of the odor were the same as those classically found
in other populations (Keller et al. 2007, Knaapila et al. 2012, Lunde et al. 2012);
androstenone was described as a urinous, animal and sweaty smell, rather than as a

pleasant or floral smell (Table 4; Table 5).

Discussion

Despite the fact that R88W and T133M polymorphisms on OR7D4 gene have been
shown to influence androstenone perception in four different western populations
(Keller et al. 2007, Knaapila et al. 2012, Lunde et al. 2012), we did not find any
significant influence in the Malagasy populations studied. Our results do not fit with
most of the published data and suggest the existence of population specific factors to
androstenone sensitivity. Indeed we found that the P79L polymorphism has a significant
effect on androstenone anosmia despite its low frequency in the populations.

Interestingly, the presence of the P79L polymorphism might be linked to the
African heritage of the Malagasy population (because it is almost absent in Asia and in
Europe). This possibility has to be investigated for future work and open new questions
regarding the influence of population history, such as African and Asian genetic
admixture on the phenotype of Malagasy individuals.

At a population level, all individuals sensitive to androstenone living in
Mahajanga described the smell of androstenone as unpleasant, while more than 20% of
each other populations described it as neutral or pleasant. This result could be related to
the fact that the Mahajanga population rarely consumes pork. In this region low pork
consumption is due to ancestral and religious taboos related to their population history

and their closer connection (genetic and cultural) to the Islamic world, including more
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direct and contemporary connections with the Comoro islands. Again these results
suggest new questions regarding the linkage between population history and
androstenone sensitivity.

More generally this suggests that the observed heterogeneity of androstenone
aversion in populations inhabiting the same island could be linked to the genetic and
cultural heterogeneity of Madagascar, due to its singular settlement history
(Razafindrazaka et al. 2010, Pierron et al. 2014).

More genetic and anthropological studies, based on a larger sample from more
regions, are needed to determine the cultural and genetic components of androstenone
sensitivity. In the future, environmental factors must also be considered to determine the
differences between these populations, for example, students from Antananarivo have
been raised in a more polluted environment compared with other populations living in
remoter areas. Indeed the inhalation of toxic substances harm the olfactory system and
penetrating the the olfactory bulb via the olfactory epithelium and then can change the
odor perception(Calderon-Garciduenas, L. et al. 2015, Sorokowska et al . 2015). This
study, however, raises new questions about the role of population history on

individuals’ perceptions of smell and flavour, and its influence on food preferences.
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Table 1: Sensitivity of the Malagasy populations to androstenone according to OR7D4

genotype

% Sensitive % Hyposensitive % Anosmic
Genotype (number) (number) (number)
RT-RT 63% (49) 61% (14) 74% (20)
RT-WM 33%  (26) 35% (8) 26% (7)
WM-WM 4% 3) 4% (1) 0% (0)

19




Table 2: List of individuals’ phenotypes and genotypes according to their geographic origin.

Concentration
Genotypes Concentration 0.17 mg/ml 1.7 mg/ml
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Antananarivo ETU1 NA NA NA NA 0 0 0 1
Antananarivo ETU119 |NA NA NA NA 0 0 0 0
Antananarivo ETU2 PP SS RR TT 1 3 3 1
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Antananarivo ETU21 PL SS RW ™ 0
Antananarivo ETUI118 |PP SS RR TT NA
Antananarivo ETUI120 |PP SS RR TT 1
Antananarivo ETUI122 (PL SS RR TT 0
Antananarivo ETUI123 |PP SS RW ™ 1
Antananarivo ETUI125 |PP SS wWwW MM 1
Antananarivo ENST4 PP SS RW ™ 1
Sainte-Marie OLF37 NA NA  NA NA 1
Sainte-Marie OLF43 NA NA  NA NA 1
Sainte-Marie OLF22 PP SS RR TT 0
Sainte-Marie OLF23 PP SS RR TT 1
Sainte-Marie OLF25 PL SS RR TT 1
Sainte-Marie OLF26 PP SS RW ™ 1
Sainte-Marie OLF28 PP SS RR TT 1
Sainte-Marie OLF29 PP SS RW ™ 1
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Sainte-Marie OLF47 PP SS RwW ™ 3 2
Sainte-Marie OLF48 PL SS RwW ™ 0 0
Sainte-Marie OLF49 PP SS RR TT 2.5 NA
Sainte-Marie OLF50 PP SN RR TT 4 3
Sainte-Marie OLF51 PP SS RR TT 0 0
Mahajanga OLF52 PP SS RR TT 0 0
Mahajanga OLF53 PP SS RR TT 4 3
Mahajanga OLF54 PP SS RwW ™ 4 3
Mahajanga OLF55 PP SS RR TT 4 3
Mahajanga OLF56 PP SS RR TT 4 3
Mahajanga OLF57 PP SS RR TT 2 3
Mahajanga OLF58 PP SS RR TT 1 3
Mahajanga OLF59 PP SS RwW ™ 2 3
Mahajanga OLF60 PP SS RR TT 0 0
Mahajanga OLF61 PP SS RwW ™ 0 0
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Mahajanga OLF77 PP SS RwW ™ 3.5 NA
Mahajanga OLF78 PL SS RwW ™ 0 0
Mahajanga OLF79 PP SN RW TM 0 1
Mahajanga OLF80 PP SN RW TM 4 1
Belo

OLF&3 1
surTsiribihina PP SS RR TT 4
Belo

OLF&4 1
surTsiribihina PP SS RR TT 4
Belo

OLF8&5 1
surTsiribihina PP SS RR TT 4
Belo

OLF86 1
surTsiribihina PL SS RR TT 4
Belo

OLF8&7 1
surTsiribihina PP SS RR TT 0
Belo OLF8&8 PP SS RR TT 0 0
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Belo

OLF111
surTsiribihina PP SS RW ™ 0
Belo

OLF112
surTsiribihina PL SS RR TT 2
Belo

OLF113
surTsiribihina PP SS RR TT 0
Belo

OLF114
surTsiribihina PP SS RR TT 0
Belo

OLF115
surTsiribihina PP SS RR TT 0
Others OLF81 PP SS RR TT 2
Others OLFRg2 PP SS WW MM NA
Others ENST1 PP SS RW ™ 4
Others ICMAA1 |PP SS RR TT 4
Others ICMAA2 |PP SS RR TT 4
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Table 3: Hedonic rating according to genotype and population

Anosmic  pleasant neutral Unpleasant Total
RT-RT total 43% (n=34) [11% (n=9) |3% (n=2) [44% (n=35) (1
RT-RT Antananarivo 30% (n=3) 10% (n=1) [60% (n=6) |10
RT-RT Belo surTsiribihina 56% (n=15) {19% (n=5) 26% (n=7) (27
RT-RT Mahajanga 44% (n=8) 56% (n=10) |18
RT-RT Others 33% (n=3) 11% (n=1) |56% (n=5) |9
RT-RT Sainte-Marie 31% (n=5) [25% (n=4) 44% (n=7) |16
RT-WM total 37% (n=15) [17% (n=7) |12% (n=5) [34% (n=14) (1
RT-WM Antananarivo 33% (n=5) [13% (n=2) [27% (n=4) |27% (n=4) |15
RT-WM Belo surTsiribihina  |33% (n=2) [33% (n=2) 33% (n=2) |6
RT-WM Mahajanga 33% (n=3) 67% (n=6) |9
RT-WM Others 67% (n=2) 33% (n=1) |3
RT-WM Sainte-Marie 38% (n=3) |38% (n=3) |[13% (n=1) |13% (n=1) |8
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'WM-WM total 25% (n=1) 25% (n=1) |50% (n=2) |1
'WM-WM Antananarivo 100% (n=1) 1
WM-WM Mahajanga 100% (n=1) |1
WM-WM Others 50% (n=1) 50% (n=1) |2
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Table 4: Description of androstenone according OR7D4 genotype

GENOTYPES

Descriptions RT-RT RT-WM WM-WM Total
Urinous 8 5 _ 13
Sweaty 5 1 1 7
Animal 6 2 _ 8
Alcohol 4 _ _ 4
Pills 4 _ _ 4
Purgent 3 1 3 4
Unpleasant vegetal 1 4 _ 5
Pleasant perfume, floral and fruit 4 3 _ 7
Mineral water _ 1 _ 1
Undefined 15 9 2 26
Total 50 26 3 79
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Table S: Description of androstenone according sampling region

Regions
o 5 T = @ > ~
g 5 S = 5 5 S
= c. <] =, o = =
@» = g = i )
= = g =1
5 2 5 s
. . ” H o
Descriptions 5y =
Urinous 1 13
Sweaty _ 7
Animal 1 8
Alcohol 1 4
Pills _ 4
Purgent _ 4
Unpleasant vegetal _ 5
Pleasant perfume, floral and fruit _ 7
Mineral water 1
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Figure 1: Intensity rating (A) and hedonic
valence (B) of androstenone according to
OR7D4 genotype. (Rating and valence on the

abscissa and Nb of Individual on ordinate).
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Figure 2: Intensity rating and hedonic valence of

androstenone according to the geographic location

of the populations in Madagascar.
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Supplemental Table 1: Genotype List / Phenotype

Concentration
Genotypes Concentration 0.17 mg/ml 1.7 mg/ml
Pleasant (1) .
. . . Sensitive (1)
Regions Subjects | P79L | ssan | rResw |Tizam | “ensitive Intensity Neutral (2) sensitive (1.7 1|\ 1 censitive (2)
(0.17 mg/ml) (1-4) Unlpeasant (3) mg/ml) Anosmic (3)
Unable to smell (0)

Antananarivo ETU1 NA NA NA NA 0 0 0 1 2
Antananarivo ETU119 NA NA NA NA 0 0 0 0 3
Antananarivo ETU2 PP SS RR TT 1 3 3 1 1
Antananarivo ETU3 PP SS RW ™ 1 4 3 1 1
Antananarivo ETU4 PL SS RR 1T 1 4 3 1 1
Antananarivo ETUS PP SS RW ™ 1 4 2 1 1
Antananarivo ETU6G PP SS RW ™ 0 0 0 1 2
Antananarivo ETU7 PP SS RR 1T 1 4 2 1 1
Antananarivo ETU8 PP SS RR TT 0 0 0 0 3
Antananarivo ETU9 PP SS RR 1T 1 2 3 1 1
Antananarivo ETU10 PP SS RW ™ 1 4 3 1 1
Antananarivo ETU11 PP SS RR 1T 1 3 3 1 1
Antananarivo ETU12 PP SS RW ™ 1 3.5 1 1 1
Antananarivo ETU13 PP SS RW ™ 0 0 0 1 2
Antananarivo ETU14 PP SS RW ™ 1 3.5 3 1 1
Antananarivo ETU15 PP SS RW ™ 1 4 1 1 1
Antananarivo ETU16 PP SS RW ™ 1 4 3 1 1
Antananarivo ETU17 PP SS RW ™ 1 2 2 1 1
Antananarivo ETU18 PP SS RW ™ 0 0 0 0 3
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Antananarivo ETU19 PP SS RW ™ 1 4 2 1 1
Antananarivo ETU20 PP SS RR 1T 0 0 0 1 2
Antananarivo ETU21 PL SS RW ™ 0 0 0 0 3
Antananarivo ETU118 PP SS RR TT 1 2 3 NA 1
Antananarivo ETU120 PP SS RR 1T 1 2 3 1 1
Antananarivo ETU122 PL SS RR 1T 0 0 0 0 3
Antananarivo ETU123 PP SS RW ™ 0 0 0 1 2
Antananarivo ETU125 PP SS WWwW MM 1 1 2 1 1
Antananarivo ENST4 PP SS RW ™ 1 2 2 1 1
Sainte-Marie OLF37 NA NA NA NA 1 4 3 1 1
Sainte-Marie OLF43 NA NA NA NA 1 4 3 1 1
Sainte-Marie OLF22 PP SS RR TT 0 0 0 0 3
Sainte-Marie OLF23 PP SS RR 1T 1 4 3 1 1
Sainte-Marie OLF25 PL SS RR TT 1 4 1 1 1
Sainte-Marie OLF26 PP SS RW ™ 1 2 3 1 1
Sainte-Marie OLF28 PP SS RR TT 1 4 3 1 1
Sainte-Marie OLF29 PP SS RW ™ 1 4 1 1 1
Sainte-Marie OLF30 PL SS RR TT 1 4 1 1 1
Sainte-Marie OLF31 PP SS RR TT 0 0 0 1 2
Sainte-Marie OLF32 PP SS RR TT 1 4 3 1 1
Sainte-Marie OLF33 PL SS RW ™ 0 0 0 0 3
Sainte-Marie OLF34 PP SS RW ™ 0 0 0 0 3
Sainte-Marie OLF35 PP SS RW ™ 1 2 1 1 1
Sainte-Marie OLF36 PP SS RW ™ 1 1 1 1 1
Sainte-Marie OLF38 PL SS RR 1T 0 0 0 1 2
Sainte-Marie OLF39 PP SS RR TT 1 2 3 1 1
Sainte-Marie OLF40 PL SS RR TT 1 4 1 1 1
Sainte-Marie OLF41 PP SS RR TT 0 0 0 1 2
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Sainte-Marie OLF42 PP SS RR 1T 1 3 1 1 1
Sainte-Marie OLF44 PP SS RR 1T 1 3 3 1 1
Sainte-Marie OLF45 PP SS RR 1T 1 4 3 1 1
Sainte-Marie OLF46 PP SS RR 1T 1 4 NA 1 1
Sainte-Marie OLF47 PP SS RW ™ 1 3 2 1 1
Sainte-Marie OLF48 PL SS RW ™ 0 0 0 1 2
Sainte-Marie OLF49 PP SS RR 1T 1 2.5 NA 1 1
Sainte-Marie OLF50 PP NS RR 1T 1 4 3 1 1
Sainte-Marie OLF51 PP SS RR 1T 0 0 0 1 2
Mahajanga OLF52 PP SS RR 1T 0 0 0 0 3
Mahajanga OLF53 PP SS RR T 1 4 3 1 1
Mahajanga OLF54 PP SS RW ™ 1 4 3 1 1
Mahajanga OLF55 PP SS RR T 1 4 3 1 1
Mahajanga OLF56 PP SS RR 1T 1 4 3 1 1
Mahajanga OLF57 PP SS RR 1T 1 2 3 1 1
Mahajanga OLF58 PP SS RR 1T 1 1 3 1 1
Mahajanga OLF59 PP SS RW ™ 1 2 3 1 1
Mahajanga OLF60 PP SS RR 1T 0 0 0 0 3
Mahajanga OLF61 PP SS RW ™ 0 0 0 1 2
Mahajanga OLF62 PP SS RR 1T 0 0 0 1 2
Mahajanga OLF63 PP SS RR T 0 0 0 1 2
Mahajanga OLF64 PP SS RR 1T 1 4 3 1 1
Mahajanga OLF65 PP SS RR T 0 0 0 0 3
Mahajanga OLF66 PP SS RR 1T 1 4 3 1 1
Mahajanga OLF67 PP SS RR 1T 0 0 0 1 2
Mahajanga OLF68 PP SS RR 1T 1 4 3 1 1
Mahajanga OLF69 PP SS RR 1T 1 4 3 1 1
Mahajanga OLF70 PP SS RR 1T 1 4 3 1 1
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Mahajanga OLF71 PP SS RR 1) 0 0 0 1 2
Mahajanga OLF72 PP SS RW ™ 1 4 3 1 1
Mahajanga OLF73 PP SS RW ™ 1 2 3 1 1
Mahajanga OLF74 PP SS ww MM 1 3 3 1 1
Mahajanga OLF75 PP SS RR 1) 1 1 NA 1 1
Mahajanga OLF76 PL SS RR 1) 0 0 0 0 3
Mahajanga OLF77 PP SS RW ™ 1 35 3 NA 1
Mahajanga OLF78 PL SS RW ™ 0 0 0 0 3
Mahajanga OLF79 PP NS RW ™ 0 0 0 1 2
Mahajanga OLF80 PP NS RW ™ 1 4 3 1 1
Belo surTsiribihina OLF83 PP SS RR TT 1 4 3 1 1
Belo surTsiribihina OLF84 PP SS RR 1) 1 4 1 1 1
Belo surTsiribihina OLF85 PP SS RR TT 1 4 3 1 1
Belo surTsiribihina OLF86 PL SS RR 1) 1 4 1 1 1
Belo surTsiribihina OLF87 PP SS RR 1) 0 0 0 1 2
Belo surTsiribihina OLF88 PP SS RR TT 0 0 0 0 3
Belo surTsiribihina OLF89 PL SS RR 1) 0 0 0 1 2
Belo surTsiribihina OLF90 PP SS RR 1) 0 0 0 1 2
Belo surTsiribihina OLF91 PP SS RR 1) 1 4 3 1 1
Belo surTsiribihina OLF92 PP SS RR 1) 1 2 3 1 1
Belo surTsiribihina OLF93 PP SS RR 1) 0 0 0 0 3
Belo surTsiribihina OLF94 PP SS RR 1) 0 0 0 1 2
Belo surTsiribihina OLF95 PP SS RR 1) 0 0 0 0 3
Belo surTsiribihina OLF96 PP SS RR TT 0 0 0 0 3
Belo surTsiribihina OLF97 PP SS RR 1) 0 0 0 0 3
Belo surTsiribihina OLF98 PP SS RW ™ 1 4 3 1 1
Belo surTsiribihina OLF99 PP SS RW ™ 1 3 1 1 1
Belo surTsiribihina OLF100 PP SS RW ™ 1 4 1 1 1
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Belo surTsiribihina OLF101 PP SS RW ™ 1 4 3 1 1
Belo surTsiribihina OLF102 PP SS RR 1) 1 4 3 1 1
Belo surTsiribihina OLF103 PP SS RR 1) 1 4 1 1 1
Belo surTsiribihina OLF104 PP SS RR 1) 1 4 1 1 1
Belo surTsiribihina OLF105 PL SS RR T 0 0 0 0 3
Belo surTsiribihina OLF106 PP SS RR 1) 0 0 0 0 3
Belo surTsiribihina OLF107 PP SS RR T 1 1.5 3 1 1
Belo surTsiribihina OLF108 PP SS RR 1) 1 2 3 1 1
Belo surTsiribihina OLF109 PP NS RR TT 0 0 0 1 2
Belo surTsiribihina OLF110 PP SS RW ™ 0 0 0 1 2
Belo surTsiribihina OLF111 PP SS RW ™ 0 0 0 0 3
Belo surTsiribihina OLF112 PL SS RR 1) 1 2 1 1 1
Belo surTsiribihina OLF113 PP SS RR T 0 0 0 0 3
Belo surTsiribihina OLF114 PP SS RR 1) 0 0 0 0 3
Belo surTsiribihina OLF115 PP SS RR T 0 0 0 0 3
Others OLF81 PP SS RR 1) 1 2 3 1 1
Others OLF82 PP SS ww MM 1 NA 3 1 1
Others ENST1 PP SS RW ™ 1 4 3 1 1
Others ICMAA1 PP SS RR 1) 1 4 3 1 1
Others ICMAA2 PP SS RR 1) 1 4 3 1 1
Others ICMAA3 PP SS RR T 1 4 2 1 1
Others ICMAAS5 PP SS RR 1) 1 4 3 1 1
Others ENST2 PL SS RW ™ 0 0 0 0 3
Others ENST3 PL SS RR 1) 1 4 3 1 1
Others ICMAA4 PP SS RW ™ 0 0 0 1 2
Others ETU116 PP SS RR 1) 0 0 0 0 3
Others ETU117 PP SS ww MM 0 0 0 1 2
Others ETU121 PL SS RR 1) 0 0 0 0 3
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Supplemental Table 2

Descriptions/ Genotypes RR-TT RW-TM wWwW-MM Total
Urinous 8 5 _ 13
Sweaty 5 1 1 7
Animal 6 2 _ 8
Alcohol 4 _ _ 4
Pills 4 _ _ 4
Purgent 3 1 _ 4
Unpleasant Vegetal 1 4 _ 5
Pleasant Perfume, floral and
fruit 4 3 _ 7
Mineral water _ 1 _ 1
Undefined 15 9 2 26
Total 50 26 3 79

Belo sur
Descriptions/ Regions Others Tsiribihina Mahajanga Sainte-Marie Antananarivo Total
Urinous 1 _ 2 3 7 13
Sweaty _ 1 3 3 _ 7
Animal 1 1 3 3 _ 8
Alcohol 1 2 1 _ _ 4
Pills _ _ 2 2 _ 4
Purgent _ 1 _ 1 2 4
Unpleasant Vegetal _ 1 2 1 1 5
Pleasant Perfume, floral and _ _
fruit 3 3 1 7
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Mineral water _ 1 _ - - 1
Undefined 5 6 5 5 7 28
Total 8 16 18 21 18 81

46




	Wayne State University
	3-7-2015
	Genetic Admixture and Flavor Preferences: Androstenone Sensitivity in Malagasy Populations
	Harilanto Razafindrazaka
	Aurore Monnereau
	Dina Razafindrazaka
	Laure Tonasso
	Stephanie Schiavinato
	See next page for additional authors
	Recommended Citation
	Authors


	Microsoft Word - HB_87_1_Razafindrazaka et al_preprint.docx

