Genetics Lab 7
Analysis of single gene traits in a genetically stable population

Phenotype, genotype, and allele frequencies
Population Genetics

**Please read text material from Chapter 25 ( pp. 697-704)
The Hardy-Weinberg Law
A

REFER TO THE CLASS DATA TABLE FOR MONOGENETIC TRAITS AND THE HANDOUT TITLED “HUMAN GENETICS”
 Part 2 Genetic Individuality (page 123)
Exercise illustrating genetic individuality.  Each student will keep track of the number of phenotypes one must consider before he/she stands out as an individual in the class.

Continue with the discussion questions that follow.  As members of a melting pot society, think about where your alleles may have come from in the world. 
B

Part 3—handout Phenotype frequency (p.124)
To begin today’s lab we will do some familiar analysis of our population (class of 26).  Using our data we can determine the number of persons in our class that show any of the individual phenotypes.  This can be expressed as percentage of the “population”.  In turn we can use these percentages to determine the expected number of individuals that would show of any number of the phenotypes simultaneously.  

We can then compare observed frequencies with expected by performing X2 analysis.    We will work through an example together; then YOU should examine a second set of phenotypes and repeat the analysis.

C   Population genetics—thinking about genes and alleles in a gene pool.
Phenotype, genotype, and allele frequencies
Students have had the opportunity to observe phenotypes in themselves and in the entire class.  From the pooled data we have a “population” of 20 to observe frequencies of:

1) Phenotypes

2) Genotypes

3) Alleles

Phenotypic frequency can be determined by observation.  For example, consider our own analysis,  in which 14 class members were PTC tasters, whereas 12 were non-tasters. If we consider the total of 26 class members 14/26 (.54) are tasters, and 12/26 (.46) are non-tasters. Since there are only 2 alternatives for the PTC tasting phenotype, one is either a taster or a non-taster  (0.54 + 0.46= 1  or 54% + 46%=100%)

Once our phenotype is determined we can determine our genotype if the transmission of the trait has been analyzed previously and the gene is known. DNA analysis can show differences in alleles.  We know that the inability to taste PTC is recessive so genotypes for :

Non-tasters would be tt

Tasters would be TT or Tt

In our class, if we could do DNA analysis immediately, we might determine (see below) that of the tasters 3 are TT and 11 are Tt genotype.  With this data we can determine a genotypic frequency.

3/26 (.12) TT

11/26 (.42)  Tt


again… [0.12+ 0.42 +0.46 ]  = 1.0
12/26 (.46) tt

From genotypic frequencies one can determine allele frequencies.  Each individual in a population carries 2 alleles for any gene (one on each homologous chromosome) so there are 2X the number of alleles as individuals in a population.  So as a class we have 52 alleles for PTC tasting (and for all other phenotypes). Using our pretend data above, we can determine the frequency of T and t in our class.

3 TT=

6 T alleles

11Tt =
         11 T alleles    +

11 t alleles

12 tt = 



         
24 t alleles

totals =17T 
and 
35 t  

frequencies 17/52= T alleles (0.33 of the alleles in the population are T)


         35/52 = t alleles (0.67 of the  alleles in the population are t)

(This is just a possibility to illustrate allele frequency---refer to “p” and “q” below—We did not actually determine the genotypes of the tasters!)


----------------------------------------------------------------------------------------------

In our example above we, really did not know the frequency of TT and Tt genotypes since any taster could carry 1 or 2 T alleles.  For many recessive disorders it would be valuable to know whether one is a carrier of a mutation (heterozygote) or not a carrier (homozygote).  Why? We can determine a frequency of genotypes by applying a quantitative relationship between phenotype, genotype and allele frequencies.

We can assign frequencies in the following way.

p= frequency/probability of the T allele (in egg or sperm) in the population

q= frequency/probability of the t allele (in egg or sperm) in the population
as seen above p+q=1 (alleles for the taster phenotype  are either T or t)

Using the product law, the probability of an individual having TT genotype (one from egg and one from sperm) is pxp =p2
The probability of having Tt is (“T” sperm)(“t” egg) pXq  and ( “T” egg)(“t” sperm) pxq =( pq +pq)= 2pq

The probability of an individual having tt genotype is qxq =q2

Since every individual in a population will have one of the three genotypes 

p2 +2pq +q2=1 This relationship of genotypic frequencies is called: the Hardy-Weinberg law/model. (Text pp.700-704) This law holds true when the population fulfills several “rules” which can affect real populations (p. 702).  When we assume a population meets the criteria of an ideal population, we can show that the frequency of alleles in the population does not change from generation to generation.  In other words, the gene pool remains constant.  This ideal population really shows us what occurs when evolution is not occurring!   In reality, we usually use H-W analysis to determine IF/whether evolution is occurring---e.g. is the frequency of alleles changing over time? If the frequency of alleles is changing we can try to pinpoint why---selection, mutation, migration etc.  Using the traits we looked at as a class, the HW model can also reveal “neutral genes” in a gene pool---genes that are not acted on by the forces of evolution (like PTC tasting).  
Today, you can use this equation to determine the expected frequency of genotypes in a population.  We can use our own data to determine the unknown allele frequencies in our class.  We start with what we know for sure…the frequency of the recessive trait in our population (56%).

q2 = .46
 q= 0.68
p=(1-q)
 p= 0.32

p2 +2pq +q2=1 ?  
.10+ .44 + .46 =1 (Yes— but you based your 











calculations on this idea!)

2pq= 0.44
p2    =  0.10
If our population met the assumptions for the Hardy-Weinberg law to apply…

As determined directly 12/26 (.46) are non-tasters 

Of the 14 tasters, 2.6 students (.10 x 26 students)  would be expected to be TT and  11.4  students (0.44 of the 26 students) would be expected to be Tt. 
*Note this is different than our pretend  genotype  frequencies above. 
Do this---Calculate the frequencies of T and t alleles from our class analysis.
So knowing just the frequency of the recessive trait allows estimation of the frequency of the homozygous dominant and heterozygous genotype.  Again, this only applies iF there are no forces of evolution at work.

Application?

If instead of analyzing allele frequency for PTC tasting, we analyzed a serious disease controlled by a recessive gene, what would this analysis tell you about the possibility of encountering carriers of the recessive allele in this class?  If you didn’t have the disease, would you be more likely to be a carrier or not?  Would you look outside the class for a spouse?  Would you consider genetic testing before having children?
Exercise

Use the tabulated class data  as a representative sample to determine the predicted frequency of genotypes in the general population for:

1) Tongue rolling
3) Dimples


2) Widows peak

4) eye color (pigmented or not)
*If any of the above phenotypes show the same frequency of dominant and recessive as the example, or each other, choose a different phenotype to analyze.
