BIOL1108L – Evolution & Population Genetics


Before coming to lab, you should read through this entire handout

Written by Stephen Burnett, 2008-2009, Clayton State University, Morrow, GA.  Do not copy or use this document without permission.


Introduction

So far, we have tended to focus on evolution in a qualitative way, but it is possible to discuss evolution numerically as well.  To do so, scientists had to first tie together the ideas of modern genetics (which began with Gregor Mendel) and evolutionary biology.  This process produced what is called the Modern Synthesis, which was developed in the 1920’s and 30’s.  An important precursor to the Modern Synthesis was the development of the Hardy-Weinberg equation in 1908.  This equation allows you to predict the frequencies of different alleles in a population that meets certain assumptions.  The required assumptions of the equation are:

1. There are no net mutations

2. Individuals in the population mate randomly

3. Natural selection is not acting

4. The population is large

5. Individuals do not migrate from one population to another.

While it is not common to find a population where all of these assumptions hold true, all of these assumptions can be violated slightly and the equation will still work.  The equation also benefits from the fact that it can be applied to individual genes, which means if those assumptions apply to that specific gene, then the equation will work.  For example, in human beings under modern conditions, there seems to be little selection acting on the genes that produce the different blood types (AB, O, etc.).  In this case those genes are potential candidates to apply this equation.  For simplicity’s sake, we are generally going to assume that the gene we are studying has two alleles, one dominant and one recessive, and that the individuals in the population are diploid, meaning that they have two copies of each gene.  Furthermore, we are generally going to assume that an individual who has one copy of the dominant allele will express the dominant phenotype, regardless of the second allele it possesses.  This equation uses a number of variables to represent different frequencies:  

1. The frequency of the dominant allele, represented by p.

2. The frequency of the recessive allele, represented by q.

3. The predicted frequency of the homozygous dominant individuals (those with two copies of the dominant allele) represented by p2.

4. The predicted frequency of the homozygous recessive individuals, represented by q2.

5. The predicted frequency of the heterozygous individuals (those with one dominant and one recessive allele) represented by 2pq.

In all cases, because there are only two possible alleles, their frequencies must add up to one, so that:

p + q = 1 (equation 1)
This is always true in this situation.
If the population meets the five assumptions of the H-W equation, then we can use the following equation:

p2 + 2pq + q2 = 1 (equation 2)
These predicted frequencies can then be compared to the actual values for the population to see if they are the same or different.  Your instructor may have you use a statistical test to make this comparison, or you may just try to “eyeball” the numbers.

How do we calculate these numbers?  You always want to start with your allele frequencies, and once you know the frequency of one allele, you automatically know the other allele frequency.  If you are told that the recessive allele frequency (q) is 0.4, then you know that p must be equal to 1 – 0.4, or 0.6.

You can also calculate the allele frequencies in some situations.  For example, you examine a population and find that there are 100 individuals.  Of those individuals, 50 are homozygous dominant, 40 are heterozygous and 10 are homozygous recessive for the trait you are studying.  Using the assumption that there are two alleles in each individual, this means that there are 100 x 2 = 200 alleles in this population.  We then can calculate how many of each allele are present.  For the dominant allele, there are two places where we could “find” that allele.  The homozygous dominant individuals (who have two dominant alleles) and the heterozygotes (because these individuals contain one dominant allele).  We can then calculate the number of dominant alleles as:

(# of homozygous dominant individuals x 2) + (# of heterozygous individuals)

Using this equation, we get (50 x 2) + 40 = 140 dominant alleles.  How do we convert this to a frequency?  We divide the number of dominant alleles by the total number of alleles we calculated earlier.  This gives us 140 dominant alleles / 200 total = 0.7.  This value represents p in the H-W equations.  If p is 0.7, then q must be 0.3.
We can also use the full H-W equation if we are confident that the assumptions hold true.  For example, in modern human populations, the gene for albinism (the trait that makes an individual lack all pigment) is under only weak selection and the other assumptions seem to hold, so we can use equation 2.  This gene is recessive, so only those with two copies of the gene will be albino.  In the United States, about 4% of the population is albino.  If we assume that equation 2 is valid, can we calculate the values for p and q?  If 4% of the population is homozygous recessive, then that the means that the frequency of that genotype is 0.04 (4% expressed as a frequency instead of a percentage).  In equation 2, the homozygous recessive individuals are represented by q2.  Therefore, if q2 = 0.04, then q = 0.2 and p = 0.8.  We can also calculate the expected frequency of heterozygotes (what are commonly called “carriers”) using equation 2.  The heterozygotes are 2pq = 2 x 0.8 x 0.2 = 0.32.  This would mean that if the H-W assumptions are correct, then 32% of the US population is made up of carriers for this trait.
Unfortunately, there are a number of places where calculations based on equation 2 will not work, so we have to make sure we understand them.  Two primary cases where this happens are when natural selection is acting strongly or when population sizes are small.  We will examine the effect of natural selection using a simulation in the EvoBeaker software.  Modeling the effects of small populations is a little more tricky.  Your instructor may perform other activities in class to address this issue.
Exercise 1

Computer Simulation – Sickle-Cell Alleles

In this exercise you will be using the “Sickle-Cell Alleles” software that was included with your laboratory bundle.  You should read the instructions for the appropriate sections before coming to lab.  This lab will allow us to simulate what happens to a population where natural selection is acting under some conditions, but not acting under others.  Be sure that you follow ALL the instructions in the manual or you may end up with results that are difficult to interpret.  You will be turning in your workbook next week in lab, so it is important to take the time to answer the questions and make sure you understand what you are looking at.  Check with your instructor to find out the exact pages or experiments you are required to cover.
Exercise 2

Computer Simulation – Flowers and Trees


In this exercise you will be using the “Flowers and Trees” software that was included with your laboratory bundle.  You should read the instructions for the appropriate sections before coming to lab.  The purpose of this experiment is to see how evolutionary trees get built and to make sure you understand how to “read” them.  This lab will allow us to simulate what happens when individuals from one population migrate to new areas and change in response to their new environment.  Be sure that you follow ALL the instructions in the manual or you may end up with results that are difficult to interpret.  You will be turning in your workbook next week in lab, so it is important to take the time to answer the questions and make sure you understand what you are looking at.  Check with your instructor to find out the exact pages or experiments you are required to cover.

Exercise 3

Web Exercise - Relationships Among Species

Visit this web site from the University of California at Berkeley, entitled “What did T. rex taste like?”
http://www.ucmp.berkeley.edu/education/explorations/tours/Trex/index.html
Click on the link labeled “Student start” and work your way through the exercises.  You should be careful to note any vocabulary terms that are used through the exercises.  You are expected to learn them and may be tested on them.
When you have finished the exercise, you will address two of these questions chosen by your instructor.
1. Did T. rex have an amniotic egg?

2. Was T. rex warm- or cold-blooded?

3. Could T. rex have had feathers?

4. Did T. rex have color vision?

5. How many chambers were there in T. rex’s heart?

6. Did T. rex sing to its offspring?

To answer these questions you will use the following cladogram and data.  You will write your answers to the appropriate question on the inside back cover of your flowers and alleles workbook.  For each question, you should indicate why you think your answer is correct.
[image: image1.png]caiman parrot T. rex




This data table indicates the presence or absence of eleven additional features for the caiman and the parrot. A “+” means the trait is present, while a “0” means that it is not.  Notice that the information about the T. rex has not been filled in. You will need to make that determination based upon what you have learned in these exercises.
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Objectives


Upon completion of this exercise, you will be able to:


Understand how we can use mathematics to understand evolution, particularly with the application of the Hardy-Weinberg equation


Identify the factors cause of any changes you observed in your populations.


Understand how scientists are able to build “family trees” that show the relationships among different species.


Be able to interpret family trees.


Be able to define the terms used in this handout and any other references that are used as part of the lab exercise..
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