Evolution practical:  GENETIC DRIFT AND SELECTION
Learning objectives

By the end of the practical you should be able to identify the allele frequency changes caused by:

a. genetic drift

b.  balancing or directional selection

c.  gene flow

d.  the interaction between a, b & c.

Monitoring and assessment

The skills you will learn today will be assessed by a test during the practical.

Today's Practical

This exercise is designed to introduce the idea of genetic drift and to investigate the interaction between genetic drift and gene flow; and that between genetic drift and selection to provide some insight into why different populations have different allele frequencies. Although these random changes in allele frequencies can be demonstrated to occur from generation to generation in all populations, you will discover that the effect is larger in some populations than others. You will further discover that even in loci that are under direct selective pressure, the outcome of that selection will be affected by genetic drift.

To begin with make sure you understand the meaning of the following: allele, locus, allele frequency, homozygote, heterozygote, dominant, recessive, additive.  If not, ask a demonstrator to explain them.
1.1.
Simple genetic drift with beans

The first exercise is to simulate evolution in the case where all genotypes have the same fitness.  In the Figure we demonstrate the simulation process for a small population.  You are provided with a box of “genes”.  There are two alleles (different types): A and a.  (nb. We do not assume A is dominant).

You will simulate a population that initially has 50% A and 50% a.  Each generation the adults in the population produce sperm and eggs.  We will represent these by a tray of gametes.   Some of these go on to produce the offspring, which grow up to be the adults in the next generation. Simulate this process by drawing a gene to represent a sperm, noting its colour (then replacing it) then a gene to present an egg.  We will then know the genotype of the first individual: AA, Aa or aa.  Continue this process of drawing (with replacement) until you have decided the genotypes of the whole population.

If you are told that you are in group 

a you should simulate a population of  5 individuals (10 genes)

b you should simulate a population of 20 individuals (40 genes).

Record the allele frequency in the new population of adults, and then make up a box of gametes in the same proportion as the adults.  For example if the first adult population had an A allele frequency of 60% so the next generation of gametes should consist of 24 A and 16 a.  We will repeat the whole process for 5 generations and record the results.

1.3. Genetic drift & gene-flow with beans
If you are in group 

a you should simulate a population of 20 individuals (40 genes)


b you should simulate a population of  5 individuals (10 genes)

The simulation proceeds as before, except 1/5 of your breeding adults should be selected from a neighbouring tray to simulate gene flow (i.e. 1 adult for group b, 4 adults for group a).

The procedure will be demonstrated at the start of the class.

1.2 Combinations to try out on the simulation program 

Working with the simulator try out the following combinations. Combinations a and b replicate what you have already done with the beans.  The others introduce important new ideas.  Make sure you discuss the results with a demonstrator.  The bean exercise was designed to give you an understanding of what the program is doing, but the computer exercise can generate results much faster, plot them, and include the effects of selection and gene flow.

IMPORTANT.  We do NOT assume that allele A is dominant to a.  The dominance will depend on the fitness values you enter into the simulation!

THINK carefully about what the different options mean.  Do not just type them in.  

Notice you have to answer a question on each option in the test.

	
	a
	b
	c
	d
	g
	h
	i
	j
	k
	l
	m

	Population size
	5
	20
	20
	100
	20
	100
	20
	100
	20
	100
	10

	Fitness of AA
	1
	1
	1
	1
	0.8
	0.8
	0.9
	0.9
	?
	?
	1

	Fitness of Aa
	1
	1
	1
	1
	1
	1
	1
	1
	?
	?
	1

	Fitness of aa
	1
	1
	0.8
	0.8
	0.8
	0.8
	0.8
	0.8
	?
	?
	1

	Mutation A to a
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	Mutation a to A
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	Migration
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0.2

	Initial freq. of A
	0.5
	0.5
	1/40
	1/200
	0.2
	0.2
	0.2
	0.2
	1/40
	1/200
	0.5

	No generations
	100
	100
	100
	100
	500
	500
	500
	500
	100
	100
	500

	No. populations
	20
	20
	100
	100
	20
	20
	20
	20
	100
	100
	50


Option
Description of the regime
a,b
Replicate of the beans experiment

c,d
Selection for a dominant allele: A is dominant because fitness(Aa) = fitness(AA) as in Biston
g,h
Selection in favour of a heterozygotes (homozygotes of equal fitness).

i,j
Selection in favour of a heterozygotes (homozygotes of unequal fitness)

k,l
Selection in favour of a recessive allele: YOU HAVE TO WORK OUT THE VALUES MARKED “?” TO SHOW YOU UNDERSTAND

m
Similar to your beans-simulation of migration

Test. To be handed in at the end of the practical.  

Family Name (Block capitals)

First names

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

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

Why are new favourable alleles often lost in combination c?

Are they lost more often in larger populations (ie. Option d)? Why? Hint: drift is reduced, but starting frequency is lower since we are assuming 1 mutation newly arrived per population.

Does the form of selection in case g prevent genetic drift?

Why do allele frequencies stay at intermediate values in case h?

Why is the equilibrium frequency different in cases i and g?

If one or other allele were to be lost by genetic drift in case j, which is most likely to be? Why?

What were the values of fitness you used for combination k?   Explain the outcome.

What were the values of fitness you used for combination l? Explain the outcome.

Is the approach to fixation of A faster in case l or case d. Why? Hint: When allele A is approaching fixation a is rare.  Allele a will therefore occur in what genotype?  What is its fitness compared to case d?

Why can fixation be reversed when there is gene flow in case m?  How can irreversible fixation occur even in this case?

At the end of the practical you will be handed a test sheet.  The demonstrators will not help you with the test!  However, if you have understood the exercise and discussed it thoroughly with the demonstrators, you should be able to answer it easily. 
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This figure shows the allele frequencies of a neutral allele in several populations connected by gene flow.  How can you tell from the graphs that gene flow is going on?





This is the same as combination A, but the populations are of different size.  Are they larger or smaller?  Give your reasons.  





In this case there is selection in favour of the A allele.  Why is the A allele being lost from some populations?





In this case the selection is just the same as in combination C.  Why might the rate of fixation be more rapid?  Give your reasoning.





In this case there is selection in favour of heterozygotes.  Why is fixation less rapid than in combination D?





In this case there is selection in favour of heterozygotes, and one homozygote is fitter than the other.  Which one? Give your reasons.





Family name   


(block capitals)





First names











