Evolutionary Biology Review:  Descent w/ Modification/a Darwinian View of Life
1. How did James Hutton’s and Charles Lyell’s ideas influence Charles Darwin’s thinking about evolution?

2. You have learned that scientific hypotheses must be testable and falsifiable.  If you apply these criteria, are Georges Cuvier’s explanations of the fossil record and Jean-Baptiste deLamarck’s hypothesis of evolution scientific?  Explain your answer in each case.

3. How does the concept descent with modification explain both the unity and diversity of life?

4. Describe how over reproduction and heritable variation relate to evolution by natural selection.

5. If your discovered a fossil of an extinct mammal that lived high in the Andes, would you predict that it would more closely resemble present day mammals from South American jungles or present day mammals that live high in African mountains?  Explain.

6. Explain how the following statement is inaccurate: “Anti-HIV drugs have created drug resistance in the virus.”

7. How does evolution account for (a) the similar mammalian forelimbs with different functions shown below and (b) the similar lifestyle of the two distantly related mammals shown below?
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8. The fossil record shows that dinosaurs originated 200-250 million years ago.  Would you expect the geographic distribution of early dinosaur fossils to be broad (on many continents) or narrow (on one or a few continents only)?  Explain.

Evolutionary Biology Review:  Evolution of Populations

1. Explain why genetic variation within a population is a prerequisite for evolution.  What factors can produce genetic variation among populations?

2. Of all the mutations that occur in a population, why does only a small fraction become widespread among the population’s members?

3. If a population stopped reproducing sexually (but still reproduced asexually), how would its genetic variation be affected over time?  Explain.

4. Suppose a population of organisms with 500 loci is fixed at half of these loci and has two alleles at each of the other loci.  How many different alleles are found in its entire gene pool?  Explain.
5. If p is the frequency of allele A, which parts of the Hardy-Weinberg equation correspond to the frequency of individuals that have at least one A allele?

6. For a locus with two alleles (A and a) in a population at risk from an infectious neurodegenerative disease, 16 people had genotype AA, 92 had genotype Aa, and 12 had genotype aa.  Use the Hardy-Weinberg equation to determine whether this population appears to be evolving.

7. In what sense is natural selection more “predictable” than genetic drift?

8. Distinguish genetic drift from gene flow in terms of how they occur and their implications for future genetic variation in a population.

9. Suppose two plant populations exchange pollen and seeds.  In one population, individuals of genotype AA are most common (9000 AA, 900 Aa, 100 aa), while the opposite is true in the other population (11 AA, 900 Aa, 9000 aa).  If neither allele has a selective advantage, what will happen overtime to the allele and genotype frequencies of these populations? 

10. What is the relative fitness of a sterile mule?  Explain your answer.

11. Explain why natural selection is the only evolutionary mechanism that consistently leads to adaptive evolution.

12. Consider a population in which heterozygotes at a certain locus have an extreme phenotype (such as being much larger than homozygotes) that also confers a selective advantage.  Does such a situation represent directional, disruptive, or stabilizing selection?  Explain.

Evolutionary Biology Review:  Origin of Species

1. Which species concept(s) could you apply to both asexual and sexual species?  Which would be most useful for identifying species in the field?  Explain.

2. Suppose you are studying two bird species that live in a forest and are not known to interbreed.  One species feeds and mates in the treetops and the other on the ground.  But in captivity, the birds can interbreed and produce viable, fertile offspring.  What type of reproductive barrier most likely keeps these species separate in nature?  Explain.

3. Summarize the differences between allopatric and sympatric speciation.  Which type of speciation is more common, and why?

4. Describe two mechanisms that can decrease gene flow in sympatric populations, thereby making sympatric speciation more likely to occur.

5. Is allopatric speciation more likely to occur on an island close to a mainland or on a more isolated island of the same size?  Explain your prediction.
6. What are hybrid zones, and why can they be viewed as “natural laboratories” in which to study speciation?

7. Consider two species that diverged while geographically separated but resumed contact before reproductive isolation was complete.  Predict what would happen over time if the two species mated indiscriminately and hybrid offspring survived and reproduced more poorly than offspring from intraspecific matings or hybrid offspring survived and reproduced as well as offspring from intraspecific matings.

8. Speciation can occur rapidly between diverging populations, yet the length of time between speciation events is often more than a million years.  Explain this apparent contradiction.

9. Summarize experimental evidence that the yup locus acts as a prezygotic barrier to reproduction in two species of monkey flowers.  Do these results demonstrate that the yup locus alone controls barriers to reproduction between these closely related monkey flower species?  Explain your answer.

Evolutionary Biology Review:  History of Life on Earth

1. What hypothesis did Stanley Miller and Harold Urey test in their famous experiment?

2. How would the appearance of protobionts have represented a key step in the origin of life?

3. If scientists built a protobiont with self replicating RNA and metabolism under conditions similar to those on early Earth, would this prove that life began as in the experiment? Explain.

4. Your measurements indicate that a fossilized skull you unearthed has a carbon-14/carbon-12 ratio about 1/16 that of the skulls of present day animals.  What is the approximate age of the fossilized skull?

5. Describe an example from the fossil record that shows how life has changed over time.

6. Suppose researchers discover a fossil of an organism that lived 300 million year ago, but had mammalian teeth and a mammalian jaw hinge.  What inferences might you draw from this fossil about the origin of mammals and the evolution of novel skeletal structures?  Explain.

7. The first appearance of free oxygen in the atmosphere likely triggered a massive wave of extinctions among the prokaryotes of the time.  Why?

8. What evidence supports the hypothesis that mitochondria preceded plastids in the evolution of eukaryotic cells?

9. What would a fossil record of life today look like?

10. Explain consequences of continental drift for life on Earth.  

11. What factors promote adaptive radiations?

12. If a mass extinction were caused by a single, catastrophic event (such as an asteroid impact), what pattern would you expect regarding the dates when formerly common species lost in the extinction are last observed in the fossil record?

13. How can heterochrony cause the evolution of different body forms?
14. Why is it likely that Hox genes have played a major role in the evolution of novel morphological forms?

15. Given that changes in morphology are often caused by changes in gene regulation, predict whether noncoding DNA is likely to be affected by natural selection (Noncoding DNA includes the sequences called control elements that regulate gene expression by binding to transcription factors.)

Evolutionary Biology Review:  Phylogeny and the Tree of Life

1. Explain how comparisons between the proteins of two species can yield data about their evolutionary relationship.
2. Suppose gene A is orthologous in species 1 and species 2, and gene B is paralogous to gene A in species 1.  Suggest a sequence of two evolutionary events that could result in the following:  Gene A differs considerably between species, yet gene A and gene B show little sequence divergence from each other.

3. What is a molecular clock?  What assumption underlies the use of a molecular clock?

4. Explain how numerous base changes could occur in DNA, yet have no effect on an organism’s fitness.

5. Suppose a molecular clock dates the divergence of two taxa at 80 million years ago, but new fossil evidence shows that the taxa diverged at least 120 million years ago.  Explain how this could happen.

6. Why is the kingdom Monera no longer considered a valid taxon?

7. Explain why phylogenies based on different genes can yield different branching patterns for the universal tree of life.

8. Draw the three possible dichotomously branching trees showing evolutionary relationships for the domains Bacteria, Archaea, and Eukarya.  Two of these trees have been supported by genetic data.  Is it likely that the third tree might also receive such support?  Explain your answer.

