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Exam 1. Evolution 370. 2009.  THIS EXAM HAS 10 PAGES and 12 PROBLEMS
Your Name:

Equations that you may find useful:                 
[image: image4.emf]
w = p2w1 + 2pqw2 + q2w3;                q = pq[q(w3-w2) + p(w2-w1)]/w


Fitness of heterozygote > both homozygotes: The equilibrium gene frequency of   q   = s1/(s2 +s1);
 w = 1-s;   p + q = 1;    Hardy-Weinberg equilibrium = (p + q)2
1) Definitions and examples. Define (3 pts) and provide ONE example from the textbook  (2 pts) for FIVE of the following Seven terms. (Total = 25 pts)
Use the space below to define and provide an example of 5 of the following 7 terms: Synapomorphy, Homoplasy, Adaptation, Vestigial structure, Fitness, Overdominance for fitness, Law of Succession

2) Which of the following pairs of characters are homologous (4 pts):

a) Fins of a porpoise and a salmon

b) A rhesus monkey’s tail and a human coccyx

c) The wings of a bird and the wings of a bat

d) none of the above

3) List Darwin's postulates (4) for theory of evolution by natural selection (1 pt each). Use the work of Peter and Rosemary Grant on the Galapagos Finches to provide support for each of these postulates (2 pts). Provide the example below each of the postulates. (Total = 12 pts)
4) On the following tree, circle ALL of the MONOPHYLETIC group(s) (6 pts)
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5) If you are told a population is in Hardy-Weinberg equilibrium, and that the recessive genotype frequency is 0.04, what is the frequency of heterozygotes? (4 pts)
a) 0.96

b) 0.32

c) 0.8

d) You cannot tell

6) In a species of bird, individuals with genotype MM are susceptible to avian malaria and Mm birds are resistant to avian malaria. The recessive birds, mm, are resistant to avian malaria but vulnerable to avian pox.  Selection imposed by each disease is equal.  Assuming the population is now in Hardy Weinberg equilibrium with both M and m alleles present in the population, and the population having never been exposed to either disease. (Total = 6 pts)
A. How will the allele frequencies change if at all, when the population is exposed to avian malaria (2 pts): 

a) M will increase

b) m will increase

c) The allele frequencies will not change

d) It is impossible to predict

B. How will the allele frequencies change if at all, when the population is exposed to avian pox (2 pts):

a) M will increase

b) m will increase

c) The allele frequencies will not change

d) It is impossible to predict

C). How will the allele frequencies change if at all, when the population is exposed to BOTH avian malaria and avian pox (2 pts):
a) M will increase

b) m will increase

c) The allele frequencies will not change

d) It is impossible to predict

7. Some species of stick insects have wings and others do not.  Recent research suggests that wings have been gained and lost several times during the evolution of stick insects.  For the species shown in the phylogeny below, which of the following hypotheses is most parsimonious (requires fewer character state changes)? (circle one) (5 points)

a. The common ancestor had wings

b. The common ancestor lacked wings

c. Both hypotheses are equally parsimonious

d. Cannot be determined with the information provided

8) An individual is AaBbCc. The "A," B," and C loci are on three different chromosomes. 

Mendel described two phenomenon that explain the number and frequency of different gamete genotypes produced by this individual. What are these phenomenon? Hint (Laws) 2pts

How many gamete genotypes does it produce? (3 pts)
9. A TRUE STORY: Clover is a plant that is found in many fields in Europe.  

-There is a genetic polymorphism present in clover in Europe associated with the release of cyanide from the leaf tissue, when the leaf tissue is damaged. 

-Individuals of type AA release lots of cyanide when the leaf is damaged, Aa individuals an intermediate amount (incomplete dominance) and aa individuals NO cyanide. 

-The release of cyanide when the leaf is damaged prevents or reduces other leaves of the plant from being eaten by animals, such as slugs, cattle, etc. 

-The release of cyanide also results in a nonfunctional leaf. For example, AA individuals will be avoided by leaf eating animals, because the animals leave the plant alone once the animal has tasted the cyanide, but the leaf that was partially chewed will eventually die.  

-FROST damage can also lead to the release of cyanide, resulting in the destruction of the leaf. 

-Individuals that are AA are most prone to frost damage, Aa less so and aa individuals not at all, due to the release of cyanide into the leaf tissue. In other words:

AA  is more resistant than Aa, which is in turn more resistant than aa in terms of resistance to animals 

eating it       But

AA has more leaf damage following frost than Aa, which in turn has more leaf damage than aa    

          following frost

Use this information to address the following problems (TOTAL = 11 pts):

A. The following survivorship of genotypes was observed in a population of Clover on the Coast of England, relatively mild climate with little frost.  Remember the presence of A confers increasing resistance to animals eating leaves through the expression of cyanide, but also increases the amount of frost damage.

Coast of England



Genotype





 

AA

Aa

aa

# individuals before selection


100

100

100

# individuals after selection


80

40

  0

However the following survivorship was observed for a population of Clover at an elevation of 8000 ft in the Swiss Alps:

Swiss Alps




Genotype







AA

Aa

aa

# individuals before selection


100

100

100

# individuals after selection


 25

50

 5
With respect to the above data, do the following:

A. Calculate the fitness of each genotype at each location (6 pts)

Fitness of   

AA                  Aa                              aa

Coast of England:

Swiss Alps:

B. Calculate the equilibrium frequency of a in the Swiss population (5 pts)
First calculate the “s” or the selection coefficients for this population (2 pts), then provide the 

equilibrium frequency of the a allele (3 pts).
10. The following questions have to do with your understanding of the laws of inheritance and how they complement our understanding of how evolution in a population occurs. (Total = 8 pts)
The classic Mendelian cross of a white flowered individual (Parent 1) with a red flowered individual (Parent 2) giving rise to pink flowered F1 individuals, is at first thought an example of blending inheritance. 

Blending inheritance is a serious problem for the theory of evolution by natural selection because (3 pts)
A) blending inheritance leads to increased phenotypic variation each generation

B) blending inheritance maintains phenotypic variation each generation

C) blending inheritance, in one step, provides the perfect phenotype

D) blending inheritance leads to decreased phenotypic variation each generation

E) none of the above

Consider the above example of flower color, what are the likely phenotypes observed in a cross of two pink F1 individuals (2 pts) and what law of inheritance does this reflect (1 pts). Briefly explain why this "Mendelian" interpretation supports Darwinism (2 pts)
11. When travelling in the US, one observes that many women dye their hair lighter colors, for example blond. However, when travelling in Scandinavia one observes that many woman dye their hair darker colors, for example black. One might imagine that this reflects a desire for woman to stand out, be different (consider the problems when two girl friends have the same prom dress versus when two male friends have the same tuxedo). To be different may make woman feel (or actually be) more attractive and to acquire more or better mates (purely speculative). Consider a hypothetical population where there are woman with naturally blond and naturally black hair, and no access to hair dyes. Given the figure below which shows how relative female mating success of woman with black hair is related to the frequency of woman with black hair in the population, what is the expected frequency of woman with BLONDE hair, after many generations of selection (in other words at equilibrium) (6 pts) AND WHAT IS THIS TYPE OF SELECTION REFERRED AS? (2 pt):
The type of selection is known as: __________________________________________________

The predicted equilibrium frequency of woman with BLONDE hair is:________________________
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13. Tay-Sachs disease is an autosomal recessive genetic disorder. In its most common variant known as infantile Tay-Sachs disease it presents with a relentless deterioration of mental and physical abilities which commences at 6 months of age and usually results in death by the age of four.  It is caused by a genetic defect in a single gene with one defective copy of that gene inherited from each parent. The disease occurs when harmful quantities of gangliosides accumulate in the nerve cells of the brain, eventually leading to the premature death of those cells. There is currently no cure or treatment. Tay-Sachs disease is a rare disease. The disease reaches relatively high frequencies in a number of populations, including Jewish people from Eastern Europe. In this population, the frequency of adult individuals that are not carriers is about 0.96 and the frequency of carriers is about 0.04
A: What is the frequency of the Tay-Sachs allele in a population whose ancestry is eastern european 
Jewish: ____________________________________________ (2 pts)

A. 0.98

B. 0.02

C. 0.08
D. 0.0001
E. 0

B: Using the below equation, what mutation rate would be needed to explain the current frequency of the Tay-Sachs mutation, assuming mutation-selection balance? (2 pts)
The mutation rate needed to account for the present frequency of the disease assuming mutation 
selection balance is: _____________________________ (you can answer with exact or set up the problem without the final caluclation)

[image: image3]
C. Does your calculation support the finding that Tay-Sachs disease reflects mutation-selection balance? Why or why not? (2 pts)
�











q =      μ/s








