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Dr Colleen O’Ryan 



 65 Marks

1.
Below is the evolutionary relationship of retroviruses based on DNA gag sequences in HIV-I, 2 strains of HIV-II and a variety of simian immunodeficiency viruses (SIV’s).  Viruses from cats, cows, goats and other mammals were also included in the phylogenetic analysis.
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a)
Why were the viruses that branch from node 2 included in the phylogenetic analysis and what is this group generally called?



(3)

b)
What important feature of HIV does this tree highlight?


(5)












[8]

2. Different species definitions tend to be advocated by scientists working in different disciplines.  Consider the needs of (i) a botanist working on the ecology of yellowwood trees, (ii) a zoologist working on bird distributions, (iii) a conservation biologist working on endangered tortoises and (iv) a palaeontologist working on fossil planktonic organisms. 

Briefly discuss which species definition would be most useful to each scientist. Please justify your answer.






(8)

3.
In general terms females typically make a larger parental investment in each offspring than males do.  Thus the prediction in terms of asymmetry of this investment, is that females actively choose a particular male.  Discuss the experimental work by Anders Moller on barn swallows and female choice, with particular reference to the control groups used and the traits used to measure reproductive success.







(10)

4.
A study was done by Swedish researchers on MZ (monozygotic) and DZ (dizygotic) twins where the twins were either reared together (T) or apart (A).  The researchers found the following heritability values for IQ:




MZT
=
0.80




MZA
=
0.78




DZT
=
0.22




DZA
=
0.32

a)
How did the researchers arrive at the heritability values?


(2)

b)
What do the above results suggest about the extent to which the variation is attributable to genetic variation in the general population?


(4)

c)
Are their results internally consistent? (i.e. do their different results agree with one another?)








(1)












[7]

5.
Briefly explain the difference between each of the two sets of terms below:

a) heterozygote advantage and heterozygosity

b) kin selection and natural selection

c) broad sense heritability and narrow sense heritability

d) inbreeding and assortative mating

e) founder events and population bottlenecks

(10)

6.
There are a number of factors that contribute to changing allele frequencies in populations.  Discuss the two factors that introduce new alleles into a population, as well as how rapidly these two forces act in changing allele frequency.  Please use equations and/or graphs to illustrate your answer.












(8)

7.
Allopatric speciation generally implies physical isolation that can be accompanied by prezygotic or postzygotic isolating mechanisms. Briefly discuss an example of prezygotic and postzygostic isolation.

(5)
8.
Biston betularia (peppered moth) is the classical textbook example of selection as the result of the industrial revolution.  In this example, selection was calculated in two ways.  Discuss the two different ways in which selection was estimated.








(6)

9.
In a single locus, two allele (A and a) model,  A is dominant and selection works against the recessive homozygote.  The frequency of A in two successive generations is 0.06 and 0.13 respectively.  What is the selection coefficient against aa?








(3)

Section 2


Assoc Prof Nicci Illing


55 Marks

1. At what points in the mammalian cell cycle are the following complexes normally activated?

i) cdk1/cyclinB

ii) cdk2/cyclinE

iii) cdk4/cyclinD







(3)

2. List two assays for active cdk1/cyclin B .




(2)

3. Describe five different mechanisms that have evolved to regulate the activity of cyclin-dependent  complexes in the mammalian cell cycle.  Give an example to substantiate each of your mechanisms.




(10)

4. An organism has landed on earth from Mars. The organism has a nucleus which contains DNA.   Discuss how you would check whether its cell cycle is regulated in the same way as the eukaryotic cell cycle.


(7)

5. Is the cell cycle reversible? Give reasons for your answer.


(3)

6. Discuss the rationale for radiation therapy or chemotherapy in cancer.












(6)

7. What is the difference between a tumour suppressor and a proto-oncogene? Give an example of each.






(4)

8.
ANSWER ONE OF THE FOLLOWING TWO QUESTIONS (20 MARKS)
Your answers to either of the following questions should be based on material covered in lectures by Prof Illing, and on research papers presented by students.

You will be allocated 5 marks for style, and coherence of your essay.

Use diagrams to illustrate your argument.

8.1
The isolation of the first cdc25 mutant in Schizosaccharomyces pombe paved the way to the identification of one of the major regulatory proteins in the mammalian cell cycle.  Discuss the different ways in which Cdc25 is able to regulate the cell cycle.

8.2

How does irradiation of cells lead to cell cycle arrest?  


[20]
MODEL ANSWERS

1. At what points in the mammalian cell cycle are the following complexes normally activated?

a. cdk1/cyclinB

b. cdk2/cyclinE

c. cdk4/cyclinD

(3)

i) Entry into mitosis

ii) Entry in S-phase

iii) Entry into G1 phase from G0.

2. List two assays for active cdk1/cyclin B .

Active cdk1/cyclin B when injected into frog oocytes, will stimulate them to complete meiosis 1 and meiosis 2.

Active cdk1/cyclin B will phosphorylate histone H1.  

(2).

3. Describe five different mechanisms that have evolved to regulate the activity of cyclin-dependent  complexes in the mammalian cell cycle.  Give an examples to substantiate each of your mechanisms.

(10)

Activation of cdks depends on the initial accumulation of sufficient cyclin.  For example cdk1 is only phosphorylated, once it is bound to cyclin B.  Once bound to its cognate cyclin, the cdks are phosphorylated on T14 and Y15 residues by Wee1 and Mik1, which inhibits the activation of Cdks.  The dephosphorylation of Y15 by Cdc25 results in the activation of Cdk1, and entry into the cell cycle.  The active Cdk/cyclin complex can be deactivated by the targeted destruction of cyclins.  For eg, in mitosis, the anaphase promoting complex binds to cyclin B, and conjugates several ubiquitins onto cyclin B.  This targets cyclin B to the proteosomes, with the subsequent destruction of cyclin B, and inactivation of the cdk1 activity.  The Cdk/cyclin complex can also be inhibited by cdk inhibitors.  For eg, p16 inhibits the activity of Cdk4/cyclinD.

4. An organism has landed on earth from Mars. The organism has a nucleus which contains DNA.   Discuss how you would check whether its cell cycle is regulated in the same way as the eukaryotic cell cycle.

(7)

There are a number of possible answers to this question.  I will give 2 marks for rising to the challenge, and 5 marks for facts.

I would construct a gene library from the organism, and would transfect the gene library into a yeast cdc2ts mutant.  I would grow the transfected cdc2ts mutant at 37oC, and see whether any yeast colonies grow.  If a colony does grow, I would purify the plasmid, and sequence the insert.  If the insert is homologous to cdc2, this would be starting proof that the organism has a similar cell cycle to the eukaryotic cell cycle.  

5. Is the cell cycle reversible?  Give reasons for your answers.


(3)

The cell cycle is not reversible.  While the cell cycle can be temporarily stopped, it cannot be reversed.  The cycle is propelled forward by a process of protein degradation that complements the periodic activation of the cyclin-CDK complexes. Proteolysis eliminates proteins that were used in the preceeding phase as well as proteins that would inhibit progression into the next phase.
6. Discuss the rationale for chemotherapy and radiation therapy in cancer.

Radiation therapy causes DNA damage.  In normal cell lines, this results in the induction of the DNA damage pathway and the arrest of the cell cycle by either increasing levels of p53 or decreasing the amount of Cdc25 (by increasing its degradation or changing its localization).    P53 is mutated in many cancer cells, and thus is unable to respond to the signals of DNA damage and stop the cell cycle.   P53 mutant cells continue through the cell cycle inspite of having damaged DNA.  This results in selected cell death of the p53 mutant cancer cells.











(6)

7. What is the difference between a tumour suppressor and a proto-oncogene?  Give an example of each.

A tumour suppressor gene is a gene where the loss of function leads to loss of cell cycle control.

Eg Retinoblastoma

A oncogene is where gain-of-function leads to a loss of cell-cycle control.

Eg cyclin E












(4)

ANSWER ONE OF THE FOLLOWING TWO QUESTIONS (20 MARKS)

You will be allocated 5 marks for style, and coherence of your essay.

Use diagrams to illustrate your argument.

1.
The isolation of the first cdc25 mutant in Schizosaccharomyces pombe in paved the way to the identification of one of the major regulatory proteins in the eukaryotic cell cycle.  Discuss the different ways in which Cdc25 is able to regulate the cell cycle.  











2.
How does irradiation of cells lead to cell cycle arrest?  
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