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The inheritance of phenylthiocarbamide (PTC) taste perception 

  

Phenylthiocarbamide (Image 1) is an organic compound belonging 

to the alkaloid family just like nicotine, caffeine and theine. It may 

feel when tasting it a very bitter substance or simply not feeling like 

anything at all. Is this due to the concentration of PTC? The answer 

is no. At least not to any great extent. The answer is not actually in 

this compound, but in the person who is taking it.  

 

 

When we eat or drink some type of nourishment, the perception of taste begins on the 

tongue where specific chemicals of that particular food interact with taste receptors 

found on the receptor cells. Surprisingly, each receptor cell just responds to one of the 

six elemental tastes, namely sweet, salty, bitter, sour, umami, oleogustus.  

But how do we perceive one taste or another? The mechanism is simple. The taste 

chemicals present in food interact with a bitter taste receptor on the surface of the taste 

receptor cell which then forms a synapse with a nerve that sends electrical signals to the 

brain where bitter taste is perceived. 

In terms of genetics, the bitter taste receptor gene, TAS2R38, located on chromosome 

7 was discovered in 2003 by the chemist Arthur Fox [1]. This particular gen codifies for 

a 333 amino-receptor protein and accounts a large proportion for the phenotypic 

variance in PTC perception. When we look closely at the gene, it is possible to see that 

there is basically three SNPs (located in positions 145, 785 and 886) within the coding 

region that explain up to 85% of the total influence over phenotype [2].  

Polymorphisms for this gene are generally caused due to amino acid substitutions in the 

333-amino-acid sequence. For this reason, different amino acid combinations lead to 

different amino acid haplotypes which will then determine the particular genotype 

(Image 2).  

  

 

 

 

 

 

 

Image 1. PTC’S molecular structure 

Image 2. Different variations on amino acids and their consequence on haplotypes 
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Although there are other factors, environmental and genetic, which influence the ability 

to detect PTC, it is clear that there is a Mendelian inheritance of bitter taste gene and 

therefore a Mendelian trait. There will be described three types of people, those 

individuals who find PTC bitter are classified as tasters, those who find PTC tasteless are 

considered non-tasters and those who find PTC just a little bit bitter are classified as 

intermediate taster. The demonstration that it is a largely genotypic character was made 

on the basis of pedigrees, analysing who was able to perceive the taste. The Mendelian 

inheritance of the haplotypes of TAS2R38 is described in the box below [2]: 

From these haplotypes it can now be 

deduced the genotype inherited and 

therefore the phenotype expressed. 

For instance, if a person has an 

AVI/AVI haplotype, this will mean they 

will have both recessive alleles and 

therefore they will be non-taster. 

 

Given the haplotypes of a PAV/AAV and a PAV/PAV people, we would expect to see a 

strong response because this would be taster people, yet this does not occur. These 

people would have a weak response to PTC and therefore be non-tasters because there 

is not necessarily a 100% correlation between genotypes and phenotypes [2]. As I 

mentioned before the gen just has an 85% of impact, the remaining 15% of influence 

comes from other factors. 

In spite of this, just as the results of Mendel’s monohybrid crosses were of a 3:1 ratio 

with a phenotypic ratio of 3 dominant to 1 recessive, with PTC it is exactly the same with 

more or less 75% of people being able to taste it and 25% not being able to taste it [1]. 

The ability to taste PTC present in 75% of the population is correlated with the ability to 

taste naturally-bitter substances in food. Despite the fact that there are bitter 

substances in beneficial foods, many toxins in plants are also bitter due to the similar 

chemical structure. For this reason, it has been hypothesized that bitter taste perception 

likely evolved in humans to prevent the consumption of potentially toxic chemicals and 

may represent a defensive mechanism in our species. But if this is true, why would there 

be people with recessive alleles or even recessive genotypes?  

The answer is not yet conclusive but it is believed that a recessive allele could detect 

other bitter substances and thus represent an advantage. Thus, a person with both 

alleles could detect the most bitter substances [2] and would be the most advantageous 

individual, what it is known as heterozygote advantage. 

For this reason and as a first conclusion, since the non-tasting haplotype AVI occurs at 

high levels in populations, this suggests an important function selected on the recessive 

allele not yet discovered.   

PAV: Taster (dominant, common) 

AVI: Non-taster (recessive, common) 

AAV: Intermediate taster (dominant, rare) 

PAV > AAV & AVI 

AAV > AVI 
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Also, there are many elements that are able to alter taste receptors. Examples of it are 

tobacco, which has a negative impact on bitter receptors modifying their structure and 

making someone less susceptible to bitter taste [3]. In addition, it has been studied that 

as one grows older, the intensity of the receptors is lower (Graph 1) [4].  

In conclusion, I believe there must be 

a gen codifying for nicotine receptors 

able to interact with TAS2R38 gene, 

acting sometimes as a suppressor 

gene to the latter one. Moreover, I 

guess that the correlation between 

elderly and low intensity on receptors 

may be due to learning in youth to 

discriminate foods by their taste and 

thus not needing as many active 

receptors in adulthood.  

 

 

 

Finally, the last main conclusion is that the widespread haplotype distribution among 

populations at high levels suggested these variants are very old and probably predate 

the origin of modern humans. In fact, when a Homo Neanderthalensis TAS2R38 gene 

was sequenced, it was found out that this individual was heterozygous meaning that 

both alleles where probably present in the common ancestor between Homo 

Neanderthalensis and Homo Sapiens (Lalueza-Fox et al. 2009) [5].  

Furthermore, chimpanzees are also tasters and non-tasters to bitterness, even though 

in this case this ability is controlled by different alleles than those found in humans, 

indicating those alleles evolved separately in the hominid lineage [6]. This means there 

was a convergent evolution in the hominid lineage, but the mutation associated to the 

gen is different between chimpanzees and Homo Sapiens. 

 

 

 

 

 

 

 

 

Graph 1. Variations of bitter taste perception in the whole population by the 

TAS2R38-rs713598 (Ala/Ala, Ala/Pro and Pro/Pro) polymorphism and age 

group. Values are adjusted means including sex, age, diabetes, body mass 

index, smoking and medications. 
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