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In the interests of economy please write on both sides of the exam script

Section 1:  Nicci Illing: Cell Cycle Regulation

1. What is the relationship between cdc2, CDC28, cdk1, cdk2, and cdk4?

(6)

2. List three ways in which cyclin dependent kinases are regulated at the different stages of the mammalian cell cycle?







(3)

3. In the early 1970s, researchers synchronized mammalian cells, and fused them together in the presence of chemical agents. The phase in which each of the cells were synchronized is illustrated below each figure. Three regulators that are active at different stages of the cell cycle were identified.

i) Explain why, in the figures below, nuclei are shown for cells that are in interphase (G1, S or G2), while chromosomes are shown for cells in mitosis?

(2)

ii) Draw a series of figures to illustrate what happened to the nuclei (or chromosomes) in the following experiments (1-3).  Indicate what the three key cell cycle regulatory activities were identified in these experiments.  



(7)

Use blue to illustrate what happened to the nuclei or chromosomes from Cell A, and black to illustrate what happened to the nuclei or chromosomes in Cell B, in the hybrid cell.
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Write a short essay on one of the following topics

4. Discuss the contribution that yeast genetics has made to our current understanding of the mammalian cell cycle.







(15)

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



(15)

SECTION 2: Sue Kidson

Question 1.

The three pages of the paper by Xu et al (Development 126, 83-395, 1999, which you dealt with in your tutorial, are attached.  With reference to the marked sections in the paper as well as your study material, answer the following questions.

1. Using simple sketches, outline the morphogeJnetic processes that lead to the development of the following components of the eye: retina, RPE, lens, cornea, ciliary body, iris, trabecular meshwork.










(4)

2. Superimposed on the above diagrams, indicate where the pax6 and Mitf genes are expressed at the various stages of development.






(2)

3. Explain one way in which you can map a transcription initiation site.


(3)

4. With reference to Figure 1A and Figure 2, describe the differences in composition and expression of the P0 and P1 initiated transcripts.





(3)

5. Explain briefly, your thoughts about why genes might have evolved two or more completely separate promoters (such as the P0 and P1 promoters in this paper).


(3)

Question 2.

In your section on the development of limbs, you answered one of the questions listed below. Assume you have been asked to present your talk to first year students who are trying to select their courses for second year (the aim is obviously to inspire them to study further!).  Select one of the following topics and write an outline of your talk (not more than two pages). You should indicate where you would use pictures or diagrams.






(15)

· Why don’t snakes have legs?

· The molecule sonic hedgehog plays a central role in anterior-posterior limb pattern formation.  Briefly explain (the biochemistry) of the shh signalling pathway and explain its role in limb patterning

· Discuss the phenomenon of the multiple legged frogs in north America.

· The FGF family of molecules are key role players in the development of limbs. Explain how signalling occurs and describe its role in limb development.

· Discuss the story of the thalidomide babies.  Have there been any recent studies that shed new light on this tragic case of medical blundering?

· What makes our arms and hands differ from our legs and feet (latest news from developmental geneticists).

SECTION 3: Liz van der Merwe : 20 Marks

Question 1

“The apparent symmetry of the vertebrate body conceals profound asymmetries in the development and placement of internal organs” (Capdevilla & Belmonte, 2000 Mol Med Today 6:112. Discuss the statement in relation to the molecular events leading to the asymmetrical development of the heart.  You may use diagrams in your answer





(15) 

Question 2.

What is the difference between angiogenesis and vasculogenesis. 



(5)

SECTION 4:
Katherine Denby
Evolution of Development : 20 Marks

Answer one of the following questions:

1. An important feature of embryos and embryogenesis is modularity. Illustrate the importance of modularity in evolution using examples.





(20)

Define modularity, can get changes in gene expression, timing of developmental events, growth rates without disrupting entire development of embryo.

Changes in individual modules can produce differences in development 

Eg heterochrony
salamanders, new ecol niches

Allometry
horse foot evolution

Gene expression in abdomen – prolegs

2. Compare and contrast gene duplication and gene sharing, and their importance as evolutionary mechanisms.







(20)

Define each, both can result in evolution of gene with new function – only one copy in second case, gene sharing can often be followed by gene duplication

Gene duplication got second redundant copy is freer to accumulate mutations 

Gene duplication prob more important as evolutionary mechanism – certainly more widespread give egs.

3. Redundancy is when there are two (or more) copies of a gene present in a genome. Discuss redundancy in terms of the evolution of development.



(20)

Been important! Duplication and divergence. Redundancy occurs when get gene or genome duplication, will often go to pseudogenes, but subtle differences in gene function would be enough to maintain the two copies. The two copies could then by subject to different selection pressures.  Know vertebrates had two genome duplications and most genes maintained therefore are mechanisms for maintenance – eg back up, different efficiencies. Also maybe need high copy number for some things.

Redundancy can also follow gene sharing if conflict in evolution pressure arises. Often change in expression domain will maintain gene.

Examples of HOX gene duplications and importance in complexity of axial body patterns.

4. Discuss the implications of horizontal gene transfer in the study of evolution and the evidence you would require to be convinced that horizontal gene transfer had occurred between two organisms.







(20)

Can make the tracing of evolutionary history difficult. Large jumps – eg especially in bacterial genomes, can get whole operons conferring new metabolic processes in one go. Don’t know when the horizontal transfer took place so difficult to know where came from.

Can be a positive thing – can maybe correlate it with gain of a function

Evidence:
strange phylogenies, uneven distributions, unusual genome attributes, examples of human genome mess up

5. Illustrate the importance of heritable changes in regulatory regions of the genome in evolution.









(20)

SECTION 5: (Dirk Lang) : 20 Marks

a)
During what developmental process in the CNS does the “reelin” protein play an important role? How is cortical structure affected if this protein is non-functional? 

(2)

b) Name two examples for “molecular switches” in growth cones. Explain their functions.

(4)

c)
Describe the role of netrin in the navigation of growing retinal ganglion cell axons into the optic nerve, and discuss the influence of second messenger levels in this context.
(4)

d)
Briefly outline the molecular interactions during the assembly of the neuromuscular synapse.









(4)

e)
What are “ocular dominance columns”, and how and when are they formed? Describe the effect of light deprivation on the formation of ocular dominance columns. What class of factors plays a prominent role in their formation?




(6)






















