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            Abstract
Humans have âˆ¼400 intact odorant receptors, but each individual has a unique set of genetic variations that lead to variation in olfactory perception. We used a heterologous assay to determine how often genetic polymorphisms in odorant receptors alter receptor function. We identified agonists for 18 odorant receptors and found that 63% of the odorant receptors we examined had polymorphisms that altered in vitro function. On average, two individuals have functional differences at over 30% of their odorant receptor alleles. To show that these in vitro results are relevant to olfactory perception, we verified that variations in OR10G4 genotype explain over 15% of the observed variation in perceived intensity and over 10% of the observed variation in perceived valence for the high-affinity in vitro agonist guaiacol but do not explain phenotype variation for the lower-affinity agonists vanillin and ethyl vanillin.
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                    Figure 1: Dose-response curves of the receptor encoded by the most common functional allele for 27 receptors.[image: ]


Figure 2: Unrooted tree based on similarity of amino acid properties.[image: ]


Figure 3: Functional testing of odorant receptor variants.[image: ]


Figure 4: Summary of functional variation.[image: ]


Figure 5: Functional differences between participants.[image: ]


Figure 6: Effects of genetic variation in OR10G4 on perceived intensity and valence.[image: ]
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Integrated supplementary information

Supplementary Figure 1 Outline of the screening procedure.

Supplementary Figure 2 Relative surface expression, measured by a fluorescence-activated cell sorter, does not correlate with relative potency (a) (Spearman rho=-0.01, n=38, p=0.95) or relative efficacy (b) (Spearman rho=0.16, n=38, p=0.33).
For each variant we compared the change in mean surface expression (PE fluorescence intensity) to the change in the receptor potency (EC50 from the best-fit sigmoidal model) or receptor efficacy (top-bottom from the best-fit sigmoidal model) relative to the most common functional variant.

                          Source data
                        


Supplementary Figure 3 We calculated 20 chemical descriptors, previously shown to explain more than 62% of the variance in functional responses in a heterologous system, for 2718 odorants17.
For display purposes, the odorants are projected onto a 2D space made of the first and second principal components. Black crosses represent all 2718 odorants, red circles represent the 55 odorants chosen to span olfactory space.

                          Source data
                        


Supplementary Figure 4 Sensitivity-ordered tuning curves for odorant receptors.
The y-axis represents the luciferase response normalized by Renilla Luciferase. The 55 odorants are displayed along the x-axis according to the strength of response they elicited from the reference allele of each receptor (defined as the most frequent allele that shows activity significantly higher than the vector control). If a given odorant did not significantly activate any of the variant receptors above the no-odor control (2-tailed t-test, Î±=0.05/55), that odorant's response was set to zero across all variants. The odors eliciting the strongest response are placed at the center of the distribution. The order of odorants is the same across all variants of a given receptor, but is different across receptors. Odorant information can be found in the linked source data file. Error bars represent standard error.

                          Source data
                        


Supplementary Figure 5 Dose response curves for odorant receptors.
Y-axis values are normalized to the reference allele (shown in blue), here defined as the most frequent allele in the 1000 genomes population that shows activity significantly higher than the vector control. SNPs are named relative to the hg19 reference sequence. Error bars represent standard error.

                          Source data
                        


Supplementary Figure 6 Functional characterization of OR10G4 polymorphisms.
Y-axis values are normalized to the reference allele (shown in blue), here defined as the most frequent allele in the 1000 genomes population that shows activity significantly higher than the vector control. SNPs are named relative to the hg19 reference sequence. Error bars represent standard error.

                          Source data
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