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Evolutionary Agents Assignment

An electronic version of this assignment is due to your eLearning Assignment folder by 11:59pm the night indicated in your course schedule.  Download the MS Word document for this assignment from eLearning, type your answers in next to the questions, save an electronic copy for yourself, and submit a copy to the eLearning Assignment folder.  In order to more easily see the sections, you have to complete, I have highlighted them.
Objectives:

· Understand the processes that drive natural selection and how it allows populations to evolve across generations

· Describe Hardy-Weinberg equilibrium and use HW proportions to calculate expected ratios of phenotypes
· Understand impacts of violating Hardy-Weinberg equilibrium

Define the following vocabulary:
	Term
	Definition in your own words

	Evolution
	The process resulting in changes in the genetic makeup of population through time.

	Natural Selection
	Discriminates between individual with respect to their ability to produce young

	Hardy-Weinberg equilibrium
	The condition describing a non-evolving population.

	Mutation
	A change in the info, encoded by the DNA of cell involved with the reproduction of organism

	Migration
	New genes and new genetic variation and combination in a population

	Non-random mating
	Probability that two individual in a population will mate is not the same for all possible pairs of individual.

	Genetic Drift
	Change in the frequency of an existing gene variant in population due of random sampling of organisms


Introduction:

Heredity involves the passage of genes from one generation to the next. By itself, heredity does not cause a change in the frequency of the different alleles in a population that allows that population to evolve. As various evolutionary factors, such as natural selection and migration occur, the population composition may be altered, and this is what can allow allele frequencies to change over time. If a population is not evolving, that population is said to be in Hardy-Weinberg Equilibrium, names for the individuals that developed the idea. They propose that if populations adhere to five main conditions, then allele frequencies will remain constant, or in equilibrium, in a population. These five criteria are:
	List of 5 criteria
	What each criterion means in your own words.

	No change in the DNA sequence
	No introduction of new alleles as there is no mutation, thus the Hardy-Weinberg Equilibrium is maintained. 

	No migration
	Similar gene frequencies are maintained as there will be no random mating of different populations thus maintaining the Hardy-Weinberg Equilibrium.

	A very large population size
	Reduces the chances of random change in allele frequencies due to sampling effect, there is no genetic drift thus the Hardy-Weinberg Equilibrium is maintained.

	Random mating
	The allele frequencies and the genotypes remain constant as they are in Hardy-Weinberg Equilibrium.

	No natural selection
	There is retention of the same alleles, thus no change in gene frequencies that may hinder reproductive success of the organisms, since the alleles are in Hardy-Weinberg Equilibrium. 


If any of these criteria are not met, then the population will not remain in Hardy-Weinberg Equilibrium.

Calculating Allele Frequencies:
To estimate the frequency of alleles in a population, we can use the Hardy-Weinberg equation. According to this equation, in a two-allele system where one allele is dominant and one is recessive, “p” represents the frequency of the dominant allele (represented here by D) and “q” represents the frequency of the recessive allele (represented here by d). For a population in genetic equilibrium, p + q = 1.0
Mathematically, since (p + q)2 = 1, then p2 + 2pq + q2 = 1. In this equation, the factors of the binomial equation represent: 
p2 = frequency of DD (homozygous dominant)

2pq = frequency of Dd (heterozygous)

q2 = frequency of dd (homozygous recessive)

Setting up a population analysis:

In this lab we used large red, white and pink beads that represent homozygous (red = CR CR, white = CWCW) and heterozygous (pink) individuals for a colored trait. The red allele will be symbolized by “p” and the white allele by “q” for analysis. These beads “resided” in an environment of smaller white beads.
Questions:
1. What impact does the white background have with respect to the individuals residing there?
The white background acts as the environment, giving rise to a factor similar to natural selection determining the survival of the individuals in this population.
2. How will this affect survival, or fitness, of individuals residing there if there was a predator hunting them? (What would your hypothesis be?)
The white background will camouflage the white beads, while exposing the red and pink beads to the predator. The population of the white beads will increase as it is favored , increasing its chances of survival, as the red and pink diminish.
the phenotypes of the smaller white beads and larger white beads are advantaged, as they are fit and their intermediate color will ensure their survival; this is the hypothesis.
Directions for Predation simulation:

A. We started our population with 10 large red, 10 large white and 20 large pink beads living in the white bead background. This was your initial population.  We have calculated frequency of the genotypes and the alleles and provided them in Tables 1 and 2. 
B. A “hunter” extracted as many large beads as possible using a pair of forceps in 30 seconds. We recorded the number of survivors after the hunt for you in table 2.
C. You need to calculate the NEW allele and genotype frequencies for the survivors and record them on table 2 (cells highlighted in yellow). Once calculated, copy these numbers to the Next generation’s New Population.
D. Then use the individual frequencies to determine how many of each genotype will be present in a population of 50 for the next generation and record it (cells highlighted in green).  Copy these numbers next to the Next generation’s New Population.  

E. Repeat steps A-D for the third and fourth populations to complete the table.

Table 1: Sample Calculation for Predation Simulation
	Population
	Selection
	Red beads
	Pink beads
	White beads
	p
	q
	p2
	2pq
	q2

	1
	Initial population
	10
	20
	10
	0.5
	0.5
	0.25
	0.5
	0.25

	
	After (survivors)
	6
	14
	9
	0.45
	0.55
	0.20
	0.49
	0.30

	2
	# in 50
	10.047
	24.732
	15.219
	
	
	
	
	

	
	Add:
	4
	11
	6
	
	
	
	
	


Table 2: Data Collection from Predation Simulation
	Population
	Selection
	Red beads
	Pink beads
	White beads
	
	p
	q
	p2
	2pq
	q2

	1
	Initial population
	10
	20
	10
	40
	0.5
	0.5
	0.25
	0.5
	0.25

	
	After (survivors)
	3
	17
	10
	30
	0.18
	0.82
	0.03
	0.3
	0.7

	2
	# in 50
	10
	25
	15
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	
	New population
	10
	25
	15
	50
	
	
	
	
	

	
	After (survivors)
	3
	10
	15
	28
	0.3
	0.55
	0.09
	1.8
	0.3

	3
	# in 50
	4
	15
	12
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	
	New population
	10
	25
	15
	50
	
	
	
	
	

	
	After (survivors)
	1
	8
	25
	34
	0.13
	0.41
	0.02
	1.08
	0.17

	4
	# in 50
	2
	2
	10
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	
	New population
	10
	25
	15
	50
	
	
	
	
	

	
	After (survivors)
	0
	5
	30
	35
	0.5
	0.3
	0.25
	0.3
	0.09


We used the data from the “After” row in Table 2 to graph the frequencies for “p” and for “q” as they change over time.   
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Questions:
3. What relationship do you see between p and q in this graph? 
The population of p decreases as the population of q increases, meaning more white alleles survive than red alleles, from generation to generation.
4. If this experiment were repeated, why would we expect this same trend?
The same trend is inevitable because ,the environment favors only the survival of white alleles while re alleles are unfit to escape from predators.
Directions for Genetic Drift Simulation:

A. We have 10 large red, 10 large white and 20 large pink beads living in an initial population.
B. A predator comes along and randomly kills 5 beads from the population. The remaining 35 beads are the “survivors”. We have listed the results in table 3.

C. Calculate the allele frequencies for those 35 survivors.
D. In another scenario we start with the same population described in step A

E. However, this time, the predator randomly kills 35 beads, leaving 5 survivors.  We recorded those results in table 3.  Calculate the allele frequencies for the 5 survivors. 

Table 3: Data from the Genetic Drift Simulation
	Population
	Red beads
	Pink beads
	White beads
	Population Size
	p
	q

	Before Drift
	10
	20
	10
	40
	0.5
	0.5

	After 5 removed (35 survivors)
	8
	18
	9
	35
	0.44
	0.94

	After 35 removed           (5 survivors)
	2
	2
	1
	5
	0.35
	0.25


Table 4: Class results for the Genetic Drift Simulation:  these are the results of the above experiment replicated 6 times.
	Group
	35 survivors (large population)
	5 survivors (small population)

	
	p
	q
	p
	q

	1
	0.50
	0.50
	0.30
	0.70

	2
	0.52
	0.48
	0.45
	0.55

	3
	0.49
	0.51
	0.60
	0.40

	4
	0.47
	0.53
	0.80
	0.20

	5
	0.51
	0.48
	0.35
	0.65

	6
	0.48
	0.53
	0.40
	0.60


Question:
5. In general, what effect does the size of the surviving population (large vs small) have on allele frequencies when they are compared to the original population? 
The larger population is more prone to attack as they are easily targeted than the smaller population, the number of the larger population becomes lesser than the smaller population. 
Population Genetics and Microevolution
Practice in calculating genotype and allele frequencies. Answer these applied questions about disease-causing alleles.  Round frequencies to two decimal places.

Allele frequencies can be estimated by observing recessive traits; this is useful in estimating the number of carriers in a population for public health researchers.  For example, Parkinson’s disease is abnormally prevalent on the Faroe Islands, in the North Atlantic.  One form of Parkinson’s disease is a recessive trait caused by a mutation of the PARK2 gene.  Assume 2% of the population has this trait.

Just as a reminder:  here is the Hardy-Weinberg equation for genotype frequency   p2 + 2pq + q2 = 1

1. What part of the Hardy-Weinberg equation represents the proportion of the population with Parkinson’s?  

q2
2. What is the frequency of the mutant allele in the population described in the scenario above?
0.25
3. What is the frequency of the normal (wild type) allele in the population?
0.5
4. What is the part of the Hardy-Weinberg genotype equation that represents the carriers (heterozygous) of the mutated allele?
2pq
5. What is the frequency of people that are carriers in the scenario above?

0.5
Now that you have completed the above, use the same steps to figure out this NEW scenario.  

One island has 200 people total, 10 with Parkinson’s.  Estimate the number of carriers (round to a whole number) on that island.
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