Hardy-Weinberg Problem Set Answers
Five conditions for equilibrium: no mutation, no natural selection, no gene flow, large population size, random mating.  Be able to both explain and give an example of each.  
-------------------------------------------------------------------------------------------
1. If 98 out of 200 individuals in a population express the recessive phenotype.  

a. What percent of the population would you predict would be heterozygotes? 
q2 = (98/200) = 0.49 
q = square root of 0.49 = 0.7
p = 1-q 
p = 1 - 0.7 = 0.3 
2pq = 2(0.3)0.7 = 0.42  
42% of the population are heterozygotes.
b. How many individuals are carriers?  (Carriers are heterozygous for the trait.)
200(0.42) = 84 individuals are carriers
2. Your original population of 200 was hit by a tidal wave and 100 organisms were wiped out, leaving 36 homozygous recessive out of the 100 survivors. If we assume that all individuals were equally likely to be wiped out, how did the tidal wave affect the predicted frequencies of the alleles in the population? 
The problem is asking you find the frequencies of the alleles – that is p and q.

Start with the frequency you can find -- homozygous recessive. Follow the same step-by-step procedure as above. 

What is the frequency of homozygous recessive? 

q2 = (36/100) = 0.36    (the number of homozygous recessive individuals divided by the population size) (Part divided by the whole in math terms)
q = square root of 0.36 = 0.6

1 - 0.6 = p    so p = 0.4

The allele frequencies before the tidal wave were p = 0.3 and q =0 .7.   After the tidal wave the allele frequencies are p = 0.6 and q = 0.4    Is this an example of natural selection or genetic drift?  (genetic drift – because the change in gene frequencies are due to a chance event).   
Given that the allele frequencies did change as the result of the tidal wave, we would say that microevolution has occurred. What do we call the phenomenon that caused this evolution? 

· The drastic reduction in size of a population due to some chance event is called a bottleneck event - particularly when the original gene pool (allele frequencies) are represented differently in the surviving population.
· Since the population is now smaller, it is likely that it will be subjected to genetic drift and continue to shift away from the original (pre-tidal wave) allele frequencies.
------------------------

3. Let’s say that brown fur coloring is dominant to gray fur coloring in mice. If you have 168 brown mice in a population of 200 mice...
Again start with what you know:  If 168 out of 200 are brown that means 32 mice must be gray. There are only two phenotypes (three genotypes). So the first step is to determine q2. 
Why don't you start with p2 since I have given you the frequency of the dominant phenotype? 
Think about it -- you have two DIFFERENT genotypes that can give you the dominant phenotype. Homozygous dominant and heterozygotes. So the frequency of the dominant phenotype would be p2 + 2pq
You can't solve for p, if both p and q are unknown. So solve for q first --- 
q2 = (32/200) = 0.16
q = 0.4
p = 1 - (0.4) = 0.6
a) What is the predicted frequency of heterozygotes? 

2pq = 2 (0.6)(0.4) = 0.48   The frequency of heterozygotes is 0.48.
b) How many individuals are heterozygous?
Population size x frequency of the heterozygotes:   200 x 0.48 = 96    96 individuals are heterozygous
c) What is the predicted frequency of homozygous dominant? 

p2 = (0.6)(0.6) = 0.36  The frequency of homozygous dominant individuals in the population is 0.36.
d) What is the predicted frequency of homozygous recessive? 

q2 = (0.4)(0.4)= 0.16       The frequency of homozygous recessive in the population is 0.16.
Self check:  p2 + 2pq + q2 = 1     Therefore     0.36 + 0.48 + 0.16 = 1.0

e) How many of the brown mice are heterozygous?  In this question we are asking not about the entire population but about just the brown phenotype:  heterozygous / (p2 +2pq)  =   0.48 / (.36 + .48) = .57  
The questions wants to know how many so .57 x 200 = 114 of the brown individuals are heterozygous
------------------------ 
4. If 81% of a population is homozygous recessive for a given trait.......... Note questions are out of order in how you should figure out the answers -- I have indicated the order in which I would answer the questions. 
(STEP 2) What is the predicted frequency of homozygous dominant?

p2 = p x p or 0.1 x 0.1 = 0.01 

(STEP 3) What is the predicted frequency of heterozygotes? 

2pq = 2(0.1)(0.9) = 0.18

(STEP 1) What is the frequency of the dominant and recessive alleles in the population? (You need to answer this part first).
In order to figure this out you need to know p (frequency of the dominant allele) -

You know q2 = 0.81 (81% / 100 = 0.81 which a frequency)  (where q2 is the frequency of homozygous recessive genotype) 

q = square root of 0.81 or 0.9 = the frequency of the recessive allele 

p = 1-q or 1-0.9 = 0.1 - the frequency of the dominant allele 

DOUBLE CHECK: 

p2 + 2pq + q2 = 1

and    
p   +   q     = 1
0.01 + 0.18 + 0.81 = 1 


0.1 + 0.9  = 1
------------------------ 
5. If 51% of the population carries at least one copy of the recessive allele....... Note questions are out of order in how you should figure out the answers -- I have indicated the order in which I would answer the questions. 
(STEP 2) What is the predicted frequency of individuals in the population that express the dominant phenotype? 

the predicted frequency of individuals who express the dominant phenotype are:

frequency of homozygous dominant + the frequency of heterozyotes or 
p2 + 2pq 
(0.7 * 0.7) + (2(0.7)(0.3) 
0.49 + 0.42 = 0.91 
(STEP 3) What is the predicted frequency of individuals in the population that express the recessive phenotype? 

The frequency of individuals with the recessive phenotype is the frequency of homozgyous recessive or q2 
q2 = q x q or 0.3 x 0.3 = 0.09 
Note the above answer and this one equals 1 which is a good double check 
p2+2pq+q2 = 1
0.49 + 0.42 + 0.09 = 1
(STEP 1) - the information in the question gives you the % of individuals who are homozygous dominant, but not who expresses the dominant phenotype (which would be homozygous dominant and heterozygotes). 

So need to solve for q and p and then answer the questions above: 

p2 (frequency of homozygous dominant) would be equal to 100%-51% or 49% or 0.49 

p = the square root of 0.49 or 0.7 

q = 1 - p or 1 - 0.7 = 0.3 

_________________
6. Calculate q2
a. q2 = 32%/100 = 0.32

b. If 50% of gametes = p, and since gametes are haploid and only carry 1 allele, then the other half of the alleles recessive or q   so q2 = 0.5 x 0.5 = 0.25

c.  If 850 out of 1700 have brown eyes, then 1700 – 850 = 850 have blue eyes.  So q2 = 850/1700 = .5
7. Population size = 1600 individuals.  Each individual has two alleles so 1600 x 2 = 3200 alleles.  P2 + 2pq = .16 (has the dominant trait of brown fur).  1 – 0.16 = 0.84  meaning that 0.84 is the frequency of green fur (homozygous recessive) in the population.  Therefore  q2  = 0.84.  So now find p and q.   q = 0.92 and 1 – 0.92 = p = 0.08     The number of recessive alleles in the population is 3200 alleles x 0.92 = 2944.  The number of dominant alleles in the population is 3200 x .08 = 256.  256 + 2944 = 3200. 

