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Hardy Weinberg – Taste PTC activity 
In 1931 Arthur Fox in Wilmington, Delaware, synthesized phenylthiocarbamide (PTC). 
Some researchers reported a bitter taste when entering his laboratory, while others, 
including Fox himself, experienced no such sensation. Fox hypothesized that the taste was 
due to PTC particles suspended in the air and that some people were able to taste the 
chemical while others were not.  In the early thirties is was understood that the tasting 
ability was hereditary and the ability to taste or not taste PTC was used in paternity tests. 

Soon after its discovery, geneticists determined that there is an inherited component that 
influences how we taste PTC. Today we know that the ability to taste PTC (or not) is 
conveyed by a single gene that codes for a taste receptor on the tongue. The PTC gene, 
TAS2R38, was discovered in 2003. 

There are two common forms (or alleles) of the PTC gene, and at least five rare forms. One of the common forms is a 
tasting allele, and the other is a non-tasting allele. Each allele codes for a bitter taste receptor protein with a slightly 
different shape. The shape of the receptor protein determines how strongly it can bind to PTC. Since all people have two 
copies of every gene, combinations of the bitter taste gene variants determine whether someone finds PTC intensely bitter, 
somewhat bitter, or without taste at all. 

It has been suggested that the ability to taste natural chemicals similar to PTC helped human ancestors stay away from 
some toxic things. Substances that resemble PTC today are in some vegetables from the cabbage family (Brassicaceae) such 
as broccoli, Brussels sprouts, or out Fast Plants!!  Although PTC is not found in nature, the ability to taste it correlates 
strongly with the ability to taste other bitter substances that do occur naturally, many of which are toxins. 

Plants produce a variety of toxic compounds in order to protect themselves from being eaten. The ability to discern bitter 
tastes evolved as a mechanism to prevent early humans from eating poisonous plants. Humans have about 30 genes that 
code for bitter taste receptors. Each receptor can interact with several compounds, allowing people to taste a wide variety 
of bitter substances. Because avoiding bitter plants would severely limit their food sources, strict herbivores have fewer 
bitter taste genes than omnivores or carnivores. Instead, animals that graze on plants have a high tolerance to toxins. 
Grazers have large livers that are able to break down toxic compounds. 
https://learn.genetics.utah.edu/content/basics/ptc/ 
 
                                                                              Lets see who are tasters and Non-Tasters: 

     Tasters   Non-‐Tasters  
phenotype            
Yourself            

Class  Totals            

frequency            

percent            

Assuming that our class is a random sample of the entire US population and the following criteria is met: 

1.    Population size is large. 
2.   There is random mating. 
3.   There is no mutations occurring in the population.                   The genotype and allele frequencies will remain 
4.   There is no gene flow out or into the population.                       constant.   
5.   There is no natural selection 

From our data we could calculate all the allele frequencies and individual genotype frequencies. 

 

 
phenythiocarbamide	  
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Using the Hardy Weinberg formula we can calculate the frequency of : 

The individual genotypes of the entire population:   T T : Homozygous dominant 

                 T t :  Heterozygous 

                   t t :  Homozygous recessive 

      The allele frequency of the entire population:    T   :  dominant allele 

            t   :   recessive allele 

                                         And we can do this from our small sample size of the class! 

The jumping off point cannot be the individual frequency of the Tasters because we do not know if the Tasters are 
homogenous dominant or heterozygous BUT we do know that the Non-Tasters are homozygous recessive and 
that is the jumping off point. Before we can calculate all of the frequencies above we need to derive the formula that we 
need. 

Since Hardy Weinberg formula is used with for other alleles besides the Taster allele it uses a general symbol for the 
dominant allele = p and the general symbol for the recessive allele = q.  So instead of using T for the dominant 
allele we will use p and instead of using t for the recessive allele we will use q. 

Now we need our probability rules:   

To produce a gamete (haploid) that will have either the maternal or paternal chromosome for the Taster allele we need 
the addition rule to demonstrate all the possible outcomes of the flip of the coin (getting either p or q). The zygote can either 
have a p or q and this is “mutually exclusive” thus the total probability of having a p or q allele is:  

(p + q) = 1 

Now if we create a zygote (diploid) we will need to cross 2 gametes from 2 different individuals that both have probability 
of (p + q) and we will need the multiplication rule because each gamete is made by an independent event (meiosis from the 
male and meiosis from the female).   
                                                                                 probability in       probability in               probability of all possible zygotes 
                                                                                  male gamete      female gamete 
                                                                                      (p + q)      x      (p + q)            =  
This equation will give us formula of all the possible  
individuals frequencies as if we crossed 2 heterozygotes: 
 

              

   So since all of the individuals that are Non-Tasters are homozygous recessive then frequency of the Non-Tasters   
   individuals is equal to q2 !   In order to get q (the frequency of the recessive allele) we must take the square root of q2: 
 
                        Ö q2  = q   or 	  Ö homozygous recessive individual frequency = Ö Non-Taster frequency    ®  q =  
 
            Because of the addition rule (“mutually exclusive”) = (p + q) = 1   we can solve for p 

                                                                                                                                                         p  =  

 

! p" q
p p"p p"q
q p"q q"q

paternal

maternal

But in order to use this equation to get genotype frequencies we need 
the individual frequencies of the p and q alleles.  We get this from the 
homozygous recessive individuals because they are the only genotype 
(q q) that we are certain of from the phenotypes in the data. 
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            So we now have the dominant allele frequency  p = _________ 

                                   and the recessive allele frequency q = _________ 

 These values represent the allele frequencies in our sample AND IN THE ENTIRE POPULATION that the sample      
came from assuming a random sample (no sampling errors) and that the population IS IN Hardy-Weinberg Equilibrium! 

Hardy- Weinberg Equlibrium is a condition of a population where the allele frequencies (p and q) stay constant because: 

1.   Population size is large. 
2.   There is random mating. 
3.   There is no mutations occurring in the population 
4.   There is no gene flow out or into the population.   
5.   There is no natural selection.                      

The allele frequencies staying constant in this set of conditions is much like the reason for a Null Hypothesis!  We test for 
micro evolution (small changes) by evaluating if the allele frequencies ARE CHANGING by comparing a samples allele 
frequencies to a populations. We know what allele frequencies should be if the 5 conditions are met above. If a samples 
frequencies are not actually what we calculate with the Hardy Weinberg formula then allele frequencies ARE changing and 
there is (micro) evolution occurring for that allele. Think about the peppered moths.  Evolution occurred when 
typical (white) moth allele (p) and melanic (black) moth allele (q) frequency changed! 

Now we can continue with our calculations using the formula we derived for all possible zygotes: 

                                                                                    p2  +   2pq  +   q2 

to obtain the frequency of the individuals in the sample AND in the entire population if the 5 criteria for Hardy-Weinberg 
equilibrium is met. 

 alleles   Individuals  
   p     q   p2     2pq   q2    

calculations                           
frequency                           

number  of  people  in  class                           

 

So through the homozygous recessive individuals we are able to determine the number genotypes of the Tasters, although 
we cannot determine the genotype of the individual Tasters unless we do some DNA fingerprinting. 

Do not forget the forget that the frequency of the alleles and the frequency of the individual phenotypes that we get 
from the sample tested will represent the ENTIRE population.  If the sample’s frequencies do not match what we expect 
from the calculations then Hardy – Weinberg equilibrium criteria is not being met and micro evolution is occurring for 
the allele tested (in this case the PTC gene, TAS2R38). 

Assuming that we have a random sample of out population is there micro evolution occurring? 

 

 



Name:______________________________________	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  AP	   	  	  Biology	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Date:	  __________________	  
Mr.	  Grodski	  

 

Global Variation in Sensitivity to Bitter-Tasting 
Substances (PTC or PROP) 
 

 

Chart created by the NIDCD Epidemiology and Statistics Program, based on Guo & Reed (2001). 

Early studies showed that the ability to taste PTC or a related chemical compound, 6-n-propylthiouracil (PROP), was 
under genetic control and was probably a simple Mendelian trait (Blakeslee, 1931; Fox, 1932; Levit & Soboleva, 1935). 
Subsequent linkage studies have shown the underlying genetics to be more complex, with multiple alleles on two or more 
chromosomes (Reed et al., 1999; Drayna, 2005). Why this trait has been maintained in human populations is unknown, 
but several studies have suggested that this polymorphism may influence food selection, nutritional status, thyroid 
metabolism, and consumption of bitter tasting beverages such as coffee or alcohol (Bartoshuk et al., 1994; Tepper, 1998; 
Duffy et al., 2004). 
 
https://www.nidcd.nih.gov/health/statistics/global-variation-sensitivity-bitter-tasting-substances-ptc-or-prop 
 
 


