EXAM QUESTIONS from 2008 that covered chapters 1-6.
1. AIDS was used as an introductory chapter to provide an intuitive basis for future discussions/lectures on evolutionary principles. Below are phrases. Use these phrases to answer the below questions from an evolutionary perspective in terms that Darwin would be familiar with. Terms can be used more than once. 2 POINTS EACH. TOTAL  = 10 PTS
 Terms: A. natural selection, B. artificial selection, C. directed mutation, D. non random mutation, E. random mutation, F. genetic variation,  G. descent with modification, H. homoplasy, I. monophylly
Phenomenon: 

1. The evolution of HIV resistance to AZT demonstrates the presence of _____  for resistance to AZT in the population of HIV. 
2. This variation is likely introduced by  __________ 

3. The rapid evolution of AZT resistance demonstrates the principle of  __________ acting on a population can cause rapid genetic changes in the composition of that population. 

4. The fact that some humans have the CCR5 deletion and some don’t is evidence for ___________ for resistance to HIV.  

5. The strong genetic evidence that HIV is related to viruses infecting our primate relatives is an example of _________. 

2. This diagram represents the phylogeny (evolutionary history) of the HIV virus and its non-human primate relatives. Correctly match each label with its description.  Two points each. 8 pts total
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	Label
	Your Answer

	This node represents the common ancestor of one group of human HIV-1 viruses and their closest chimpanzee SIV relatives.  
	  

	This node represents the common ancestor of a group of SIV viruses that have not been transmitted to humans. 
	  

	This node represents the common ancestor of all human HIV viruses and all of their non-human primate relatives.  
	  

	This node represents the common ancestor of all human HIV-1 lineages and their chimpanzee SIV relatives.  
	  


3. Which of the following best describes vestigial structures? (3 pts)
a. Vestigial structures are similar structurally and functionally to comparable structures in other organisms.

b. Vestigial structures are small structures that are not present in close relatives.

c. Vestigial structures have not yet been identified in humans.

d. Vestigial structures are well-developed structures that have a different function in close relatives.

e. Vestigial structures are functionless or rudimentary homologs of characters that are functional in close relatives.

4.  Give the term or phrase described by each sentence. One point each (6 pts total) 
	Option 
	
	Your  answer

	A. Radiometric dating
	The total of all known fossils that have been described scientifically. 
	

	B. Ring species
	A rudimentary, functionless remnant of a trait that is better developed and functional in close relatives. 
	

	C. Law of succession
	The tendency of fossils, or living animals, to closely resemble earlier fossils from the same area. 
	

	D. Transitional fossil
	A fossil species that combines traits of two different lineages that are thought to be related. 
	

	E. Fossil record
	A species that is spread over a large geographic area in a circular distribution, the endmost populations of which come into contact with each other but do not interbreed. 
	

	F. Vestigial trait
	Estimation of the age of a volcanic rock using parent/daughter ratios of certain radioactive elements. 
	     


5. Which is the best definition of Darwinian fitness? (3 points)
a. The ability of a population to survive in any environment, compared to other populations.

b. The ability of an individual to survive and reproduce in any potential environment, compared to other individuals of that population.

c. The ability of a species to survive in a certain environment, compared to other species.

d. The ability of a species to survive over time, compared to other species.
6. [image: image2.png]


The evolution of new traits is possible because: (3 points)
a. selection can anticipate future environmental changes.
b. mutation and recombination during sexual reproduction produce new genotypes.
c. selection can act on the expression of existing traits in new tissue/organs or at new developmental periods leading to novel functions.
d. b and c
7. Match each characteristic of Jones' and Reithel's snapdragons with its correct counterpart among Darwin's postulates.  One point each, 4 pts total 
	Postulate
	Characteristic
	Your Answer 

	A. variation is heritable
	3/4 of the snapdragons had almost pure white flowers; 1/4 of the plants had yellow flowers. 
	

	B. organisms vary
	Flower color is determined by a gene with two alleles; SS and Ss individuals are white; ss individuals are yellow. 
	

	C. reproduction is nonrandom; organisms with favorable traits survive and reproduce better than others
	White flowers attracted twice as many bee visits as yellow flowers as as a result produced more seeds. 
	

	D. Evolution is a change in allele frequencies across generations
	The frequency of white flowers was higher in the next generation
	


8. The creationist "argument from design" is based on the idea that complex structures and organisms can't arise by chance. The argument fails because, although _________ is random, ___________ is not; it is directed in the sense of increasing adaptation. (3 points)
a. evolution/selection

b. mutation/selection

c. selection/mutation

d. adaptation/mutation

9. Match the term in Column 1 with description in Column 2.  One point each = 8 pts. 
	Option 
	Description
	Your Answer 

	A. paraphyletic group
	A group that contains an ancestor and all of its descendants 
	

	B. homoplasy
	A group that contains an ancestor and some, but not all, of its descendants 
	

	C. outgroup
	The occurrence of shared traits that were inherited from a common ancestor 
	

	D. homology
	The occurrence of shared traits that were not inherited from a common ancestor 
	

	E. derived
	Modified from an ancestral state to a new state 
	

	F. synapomorphy
	A shared trait that was modified (changed from an older ancestral state) in the most recent common ancestor 
	

	G. reversal 
	A close relative of the groups under study, but one that is known to have branched off earlier than all the other groups 
	

	H. monophlyetic group, or clade
	A change of a modified trait back to its ancestral state 
	


10. An  important source of new genes is probably ___________ ; the underlying mechanism for this is ___________. (3 points). 
a. polyploidy/duplication of the genome

b. gene duplication/unequal crossing over

c. genetic linkage/chromosome inversions

d. point mutations/errors during DNA replication
e. a and b

f. c and d
11. Evidence that the human hemoglobin gene family evolved via gene duplication includes: (3 points)
a. correspondence in the length and positions of exons and introns among globin genes.

b. similarity in function among the globin genes.

c. the presence of pseudogenes -- nonfunctional loci that are structurally similar to the functional loci.

d. high sequence similarity among globin genes.

e.  All of the above are evidence that the globin gene family evolved by gene duplication.

12. The most important EVOLUTIONARY consequence of chromosomal inversions is (3 points): 

a. they prevent selection from acting on the alleles within the inverted region, thereby increasing genetic diversity.

b. they prevent specific groups of alleles from being separated by crossing-over, allowing them to be inherited together as single "supergenes."

c. mutation rates are higher in chromosomal inversions
d. they increase the rate of point mutations in the alleles within the inversion.
13. Match each terms relating to mutational processes listed below with the best statement. (5 points) 
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	Option
	Your Answer

	A. Creates new alleles  

	Chromosome inversion  
	

	B. Can immediately create new species   
	Polyploidy (also called genome duplication)  
	

	C. Locks certain alleles together into a linkage unit  
	Point mutation  
	

	D. Creates small numbers of extra copies of a few genes
	Gene duplication  
	

	E. Creates large numbers of extra copies of all genes  
	Polyploidy (also called genome duplication)  
	


14. Using Darwin’s finches as an example, discuss evidence for evolution by natural selection. Describe evidence for Phenotypic variation, genetic variation, differences in survivorship, evolution and descent with modification. (10 pts).
15. Blending inheritance was a major stumbling block for the maintenance of genetic variation and Darwin’s theory of evolution via natural selection. The following example will reinforce how our knowledge of inheritance eliminates this stumbling block.  5 pts. 

A white flowered, small flowered individual is crossed with a red flowered individual having large flowers and gives rise to offspring that are pink flowered and produce intermediate sized flowers. Given that AA and aa refers to the homozygous conditions of white and red, respectively and BB and bb refers to small and large flowered individuals, respectively, given the genotype of the pink intermediate sized flower individual (1 pt) and LIST (4 pts)  the gametes produced by the pink, intermediate sized flowers for these two loci. Assume the loci are unlinked. For x-tra credit, How many different phenotype(s) would appear in the progeny of crosses between two Pink Intermediate parents (3pts). Must get first part correct.
16. Use the phylogeny below to answer the questions at the bottom. (TOTAL = 8 pts).

[image: image4]
The ancestral character state is yellow flowered individuals. 

Species 1, 5, 6, 7 and 8 have white flowers (W), while species 2, 3 and 4 have blue flowers (B). Boxes refer to ancestors of the species. 
Using PARSIMONY, in the above boxes,  TOTAL = 8 pts
A. label the box(s) where white flowers FIRST evolved for sp. 1 and for species 5-8. 

B. label the box(s) where  blue flowers FIRST evolved for species 2-4.
C. is white color in species 1, homologous with white color in species 5-8 (yes or no)
17. Examples of natural selection and evolutionary change in populations abound. Below are data we discussed in class. Circle the correct answer for questions A, B, C, Total = 9 pts
[image: image5.emf]
A. Referring only to the data presented in the graph above,  these graphs BEST  illustrate that there is (3 points). 
1. phenotypic variation in beak length for the soapberry bug

2. genetic variation in beak length for the soapberry bug

3. natural selection has favored the evolution of shorter beaks in Northern Florida populations of the soapberry bug

4. soapberry bugs of shorter or longer beak lengths, respectively, perform better on their respective soapberry plants
B. What experimental approach is needed to demonstrate a genetic change in soapberry bug beak length (3 pts)

1. collect soapberry bugs from BOTH types of plants and grow them on BOTH balloon and flat podded  fruit and quantify offspring beak length

2. collect soapberry bugs from BOTH types of plants and grow them only on the type of plant they were collected from, but under controlled conditions and quantify offspring beak length

3. randomly collect soapberry bugs and quantify offspring beak length

4. treat flat podded and balloon podded plants with fertilizer and quantify offspring beak length
C. An adaptive explanation for the evolution of long or short beak could utilize the following evidence. (3 pts)
1. long beak soapberry bugs produce more offspring when grown on flat podded fruit

2. short beak soapberry bugs produce more offspring when grown on balloon podded fruit

3. long beak soapberry bugs produce more offspring than short beak soapberry bugs when both are grown on ballon podded fruit 
BUT 

short beak soapberry bugs produce more offspring than long beaked soapberry bugs when both are grown on flat podded fruit

4. 1 and 2

18. Having to do with the systematic relationship of whales to other mammals. Answer A, THEN B OR C: TOTAL = 6 pts

A. Which of the following is the whale most closely related too (Circle- 1 pt):

Cow  Deer   Hippo   Pig   Camel. 

ANSWER ONLY B OR C BELOW.

B. Define SINE or LINE genes and how they were used to determine phylogeny (5pts)

C. Describe the fossil evidence, and the bone traits that were used to determine the nearest related group of terrestrial mammals to whales. (5 pts)

Equations that you may find useful:                 

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;       Hardy-Weinberg equilibrium = (p + q)2
1. If the frequency of the "AA" genotype is 0.30 and the frequency of the "aa" genotype is 0.20 in a population, then the frequency of the "Aa" genotype is (4 pts)

A. 0.25 

B. 0.20 

C. 0.40 

D. 0.50
E. none of the above
2. If the frequency of the "AA" genotype is 0.36 and the frequency of the "Aa" genotype is 0.48 in a population, then under Hardy-Weinberg, the frequency of matings between the "aa" and "aa" genotypes would be (4 pts)

A. 0.36 x 0.48 

B. 0.64 x 0.52 

C.0.16 x 0.16 

D. 0.4 x 0.4

E. 0.4 x 0.6
3. After graduation, you and 4 friends (=5 people total) build a raft, sail to a deserted island, and start a new population, totally isolated from the world. One of your friends carry (that is, is heterozygous for) the recessive cf allele, which in homozygotes causes cystic fibrosis. 
Assuming that the frequency of this allele does not change as the population grows, what will be the frequency of cystic fibrosis (HOMOZYGOTES) on your island? Assume random mating (4 pts)

4. Suppose that the prevalence of hemophilia A (X-linked recessive) among the females of a population is 1/1,000,000 (= one in one million).  Based on this figure, what is the frequency of the X-linked hemophilia A allele in this population  (4 pts) , and what would the frequency of hemophilia among males (Note that males have only one copy of the X chromosome- 3 pts)?  (TOTAL = 7 pts)
6. In which model of selection are both alleles maintained in a population (4 pts)? 

a. selection against one allele 
b. selection against both homozygotes 
c. selection against the recessive homozygote  
d. none of the above        

             e. all of the above

7. Two individuals of genotypes AAbb and aaBB, respectively, mate with one another and produce an F1 offspring. If the two loci are very closely linked, what will be the genotypes of most of the gametes produced by the F1 individual? (4 pts)
8. Imagine an organism where ménage a trois is actually needed for reproduction. In other words this is an organism that requires the fusion of 3 gametes to form a zygote. In a population of this species the frequency of allele A is 0.1. What is the frequency of a AAA homozygote? (4 pts)

9. Offer a brief evolutionary explanations for the following observation. (total= 5 pts).

A.  One in a million births in human beings results in a child with horrendous birth defects that make it resemble Homer Simpson. The HS syndrome is manifested when an individual is homozygous for the recessive allele hs.  Although very rare, this birth defect has been observed and recorded in human populations since before the dawn of civilization. Indeed portraits of this “HS” syndrome have been found inscribed on the walls of caves from the Dordogne region of France and elsewhere. The birth defect, when homozygous, causes death at an early age (associated with suicidal behavior involving skate boards and what not). The mutation rate is 1 in one million or 0.000001

First, what is the frequency of the mutant allele, hs, in human populations? (2 pt)

Second, what can account for the maintenance of this horrible mutation at relatively low frequency throughout human history? Justify your answer (3 pts) 

12. What term best describes why sex between closely related individuals is prohibited in human populations (2 pts), and why (in terms of homozygosity) (2 pts). Total = 4 pts

13. 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


100

100

  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


 50

100

 20

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).
14. Banded water snakes migrate from the mainland of Lake Eerie to various islands, yet, the frequency of banded water snakes on the islands is much lower than on the mainland. The islands differ from the mainland in terms of banded and unbanded frequencies because  _______ (4 pts). 
a. unbanded snakes migrate to the mainland in high frequency 
b. heterosis
c. negative frequency-dependent selection 
d. mutation/selection balance maintains polymorphism in island populations
e. selection against banded water snakes on the islands is balanced by constant migration of banded 
water snakes from the mainland.
In the questions below, be sure to note the distinction between HIV and HIV-1 and SIV.





Species 1(W)     2(B)       3(B)          4(B)             5(W)        6(W)    7(W)           8(W)











Yellow Flowered Ancestor
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