Biology 356 – Lab 9 (Fall 2009).   Population Genetics and Evolution
Evolution

Evolution can be defined as the change in allele frequencies in a population over time.  Alleles are variant forms of a gene.  A population is made up of members of a single species.  Only populations (and levels above populations) can evolve.  A single individual can grow, age, and die but can never evolve.  Evolution can be caused by several factors, and a theorem called the Hardy-Weinberg Principle outlines these factors.  Today, we’ll examine how a few of these mechanisms can cause evolution (a change in allele frequencies in a population).
Hardy-Weinberg Principle

The Hardy-Weinberg Principle is a mathematical statement (equation) that can be used to predict allele and genotype frequencies in a population that is NOT evolving.  This equation is as follows:




Eqn. 1: 
p2 + 2pq + q2 = 1

In this equation, p represents the allele frequency of one allele (usually the most common allele) and q represents the allele frequency of the other allele.  We will assume that there are only two alleles for each gene, thus we get a second equation:




Eqn 2:

p + q = 1
In equation 1, the term p2 represents the frequency of the homozygous genotype for the p allele.  The term 2pq represents the frequency of the heterozygous genotype, and q2 represents the frequency of the other homozygous genotype.  

For example, let’s assume that we had a population of 50 individuals.  Each of these individuals is diploid, therefore each has two copies of each gene.  The individuals can be homozygous for either allele, or they can be heterozygous.  Because there are 50 diploid individuals, there are 100 copies of the alleles, right?  Now, let’s assume that 60% of the alleles are of one type and 40% are of the other type.  That means that p=0.6 and q=0.4.   Note that p+q=1.  If we assume that this population is not evolving, and obeys the Hardy-Weinberg rule, then we expect p2 of the population to be homozygous for the p allele.  In other words, p2=(0.6)2=0.36, or 36% of the population is homozygous for the p allele.  36% of 50 individuals is 18 individuals.  We also expect q2 of the population to be homozygous for q.  Thus, q2 = (0.4)2 = 0.16, or 16%.  16% of 50 is 8 individuals.  Further, we expect 2pq to be heterozygous.  Thus, 2pq=2(0.6)(0.4) = 0.48.  48% of 50 is 24 individuals.  Note here that the frequencies of the genotypes add to one ( p2 + 2pq + q2 = 1, or  0.36 + 0.48 + 0.16 = 1).  Also, note that the number of individuals of each genotype adds to 50.  
If this population is not evolving, then the allele frequencies and the genotype frequencies will remain unchanged forever.  Under Hardy-Weinberg, this can occur only if several assumptions are met.
Assumptions of Hardy-Weinberg

The assumptions of Hardy-Weinberg are as follows:


1. large population size (to overcome random events and chance)


2. random mating (the gametes combine at random in the population)


3. no mutation


4. no immigration or emigration


5. there is no natural selection

Each of these assumptions, if violated, will result in a change in allele and genotype frequencies (i.e. will result in evolution in the population).  Today we will simulate a population that is not evolving, and then we will simulate populations in which a couple of these assumptions are violated (i.e. populations that evolve).  We will do the simulations with beans of different colors representing different alleles.

Procedure

In the first simulation, each pair of students will get a bag and put 60 dark beans and 40 light beans into it.  These beans will represent “gametes” with different alleles.  The bag will be shaken (or stirred, to mix the “gametes”), and then pairs of beans will be withdrawn to represent a “new” diploid individual.  Pull out 50 pairs of beans (without looking), and record the number of individuals that are homozygous for either light or dark, and the number that are heterozygous.  Record your data on the table below.  We will also collect the total number of homozygous and heterozygous individuals, and you can write the class totals in the appropriate spaces.
	
	Dark/Dark
	Dark/Light
	Light/Light

	Your Data
	
	
	

	Class Total
	
	
	


What were the initial allele frequencies?  (p = ?; q = ?)

What were YOUR ACTUAL genotype frequencies? (take the number of each genotype and divide by 50).

What was the CLASS TOTAL ACTUAL genotype frequencies? (take the total number of each genotype and divide by the class total)

How close were these numbers to the numbers predicted by Hardy-Weinberg? (i.e. p2=?; 2pq = ?; q2 = ?)

Because the first assumption of H-W is that the population is large, we expect that the class totals will be closer to the predicted frequencies than any individual pair of students’ totals.  Did this happen?  

Evolution by Genetic Drift

Now, we’ll simulate what happens over several generations if the population gets very small (randomly) each time.  Again, begin with your bag of 60 dark and 40 light beans.  This time, remove only 10 individuals (i.e. 20 beans), and record your genotypes in the table below.  We’ll assume that only these 10 individuals are allowed to breed to make a new population.  This is called a “genetic bottleneck” (one type of genetic drift), and has a “random” effect on the genetic makeup of the population.  Once you have these 10 individuals, calculate a “new” p and q for this population.  You do this calculation in the following way:  Because there are 10 individuals, you have 20 alleles total.  For each homozygous individual, there are 2 alleles of either color, and for each heterozygous individual there is only one of each type.  Thus, p = [2 (number of homozygous p individuals) + (number of heterozygous individuals)]/20; and q = [2 (number of homozygous q individuals) + (number of heterozygous)]/20.  
Now, recreate the initial population of 100 gametes, only using these new frequencies. For example, if you found that, in the sample of 10, you had 50 percent dark and 50 percent light beans, then your new population of gametes would have 50 dark and 50 light beans.  This time, for Generation 2, draw 40 individuals, and record their genotypes in the table.  Again, calculate new p and q values, and recreate the population of 100 gametes with these new values.  For Generation 3, draw 40 again, and calculate new p and q.  Recreate the 100 gametes and continue this way, following the numbers provided in the table to determine how many to draw.  Once the table is complete, you can graph p and q on the graph paper provided and see how these values change with time.  The fact that these values do change shows that the population was evolving.

	Generation
	Dark/Dark
	Dark/Light
	Light/Light
	“new” p
	“new” q

	Initial 0
	       xxx
	        xxx      
	       xxx
	    0.60
	   0.40

	1 (draw 10)
	
	
	
	
	

	2 (draw 40)
	
	
	
	
	

	3 (draw 40)
	
	
	
	
	

	4 (draw 10)
	
	
	
	
	

	5 (draw 40)
	
	
	
	
	

	6 (draw 40)
	
	
	
	
	

	7 (draw 10)
	
	
	
	
	

	8-10 (draw 10)
	
	
	
	
	


What happened to p as time went on?   What happened to q?

When did p and q change most drastically?  Was it when you drew 40 or when you drew 10?  
We expect that evolution will proceed most rapidly by drift when the population size is small.  Thus, we expect p and q to change quickly when only 10 are drawn. Did this happen?  This should show up on your graph as “flat” areas between generations.

Evolution by Natural Selection

This time, we will assume that the homozygous light/light genotype is fatal.  Thus, every individual that is drawn that is homozygous light will not reproduce and is removed from the population.  This time, start with a bag with 50 dark and 50 light beans.  Draw 20 individuals from the bag, and record their genotypes in the table below.  However, the homozygous light individuals will “die” and will not contribute gametes to the next generation, so you need to calculate new p and q values using only the individuals that are homozygous dark and heterozygous.  Recreate the initial bag of 100 beans with these new allele frequencies, and again draw 50 individuals.  Again, record the genotypes and calculate new p and q assuming that the homozygous light individuals die.  Continue this way for a total of 5 generations.  When the table is complete, plot your p and q values on the graph paper provided.  
	Generation
	Dark/Dark
	Dark/Light
	Light/Light
	“new” p
	“new” q

	Initial 0
	       xxx
	        xxx      
	       xxx
	    0.50
	   0.50

	1 
	
	
	
	
	

	2 
	
	
	
	
	

	3 
	
	
	
	
	

	4 
	
	
	
	
	

	5 
	
	
	
	
	


What happened to q as time went on?

What happened to p?

Why do you think that there are still some light beans in the population, even though we always removed the homozygous light individuals and did not allow them to breed?

In this case, because we removed the homozygous light individuals, we have assumed that light is recessive to dark, and the light “trait” is selected against.  What do you think would have happened to the population if we had instead selected against the dominant allele?  Why do you think this?

When you are finished, separate the light from the dark beans and return them to the proper containers.
