NOTES:  HARDY WEINBERG

Define: 

· Population

· Gene pool

Analyzing a Gene Pool

· By determining the frequency of allele types (e.g. A and a) and genotypes (e.g. AA, Aa, and aa) it is possible to determine the state of the gene pool.

· The state of the gene pool will indicate if it is stable or undergoing change. Genetic change is an important indicator of evolutionary events


Example:

· Allele frequency of A:

· Allele frequency of a:

· Genotype frequency of AA:

· Genotype frequency of Aa:

· Genotype frequency of aa:

G. H. Hardy, an English mathematician, and W.R. Weinberg, a German physician, independently worked out the effects of random mating in successive generations on the frequencies of alleles in a population.   The Hardy-Weinberg principle states that the allele frequency for dominant and recessive alleles remains the same over the generations in any given population so long as five conditions exist.  These five conditions are: 

1. No mutations can occur.

2. The population is large.

3. All mating is random (any male can mate with any female or vice versa). 

4. No migration can occur. 

5. There are no selective pressures acting on a particular allele.  

The Hardy-Weinberg principle is important for biologists because it is the basis of hypothetical stability from which real change can be measured. 

The Hardy-Weinberg principle is based on mathematical laws of probability.  

For our example, we assumed that in the total population, we had the following genotypes, FF, Ff, and ff.   We also assumed that mating is random so that ff could mate with ff, Ff, or FF; or Ff could mate with ff, Ff, or FF, etc. In addition, we assumed that there are only two alleles in the population, F and f and neither had a selective advantage. When we counted all the alleles, the frequency of 'f' alleles plus the frequency of 'F' alleles added up to 1. 

Hence:  
F + f = 1

The probability of producing an FF offspring is: 

F x F = FF
0.5 x 0.5 = 0.25 

The probability of producing an ff offspring is: 

f x f = ff
0.5 x 0.5 = 0.25 

The probability of producing an Ff offspring is: 

F x f = Ff
0.5 x 0.5 = 0.25 
There are two ways to get that combination (Ff and fF; you could get F from the male and f from the female OR f from the male and F from female).
On a Punnet Square, the results look like this: 
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Because an Ff bunny will still produce the dominant a phenotype, the proportions can be added to find that 75% of the bunnies in the population will have the dominant phenotype (FF + Ff + Ff; .25 + .25 + .25) and 25% will have the recessive phenotype (ff).  As long as the required conditions are met, this population will always be 75% dominant phenotype and 25% recessive phenotype. 

We have just derived the Hardy-Weinberg equations!
From our example:

· P = frequency of the F allele

· Q = frequency of the f allele

· pp (homozygous dominant) individuals had the genotype FF

· qq (homozygous recessive) individuals had the genotype ff

· pq (heterozygous) individuals had the genotype Ff[image: image1.png]



The Hardy-Weinberg equations state that:


p + q = 1


p2 + 2pq + q2 = 1


p = frequency of the dominant allele


q = frequency of the recessive allele





NOTE





and  		f x F = Ff


0.5 x 0.5 = 0.25 











