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Section 1


Prof Sue Kidson/Dr Paula Sommer

30 Marks

1.1
Describe the role of glial-derived neurotrophic factor (GDNF)  in the development of the kidney.






(4)
1.2
Within the context of a microarray experiment, describe the differences between a technical and biological repeat.  Explain why such repeats are necessary.








(3)
1.3 The signalling molecule, sonic hedgehog (shh), plays an important role in the dorso-ventral patterning of the neural tube:

a)
With the aid of a sketch, describe the steps in the shh signalling pathway 







[3]
b) Explain how shh acts as a morphogen



[2]
c) Explain how shh influences the dorso-ventral patterning of the neural tube 








[3]
d) Describe one experiment which in your opinion definitively proves the role of shh on neural tube patterning




[2]
e) Give a full explanation of how the ingestion of the substance jervine or cyclopamine (as in the diet of goats in the island of Crete) can cause the developmental defect holoprosencephaly 


[5]
(15)
1.4 It has recently been reported that embryonic stem cells could be used to treat heart disease (i.e. to repair defective heart muscle). Explain, in brief; a) how such treatments would be conducted, and b) what technical/scientific barriers would need to be overcome in order to achieve success. 


(8)

Note: There are a number of different answers/approaches to this question, and all well reasoned answers will be considered.  Ensure that your answer is clear, logical and well reasoned, and try to ensure that your knowledge of stem cell development and cell differentiation is well show-cased. Please DO NOT focus on the ethical/moral/legal issues associated with stem cell research.

Section 2



Dr Dirk Lang



20 Marks

2.1 
Describe the mechanism of how maternal behaviour is thought to lead to permanent changes in regulation of the stress response mediated by the Hypothalamus-Pituitary-Adrenal (HPA) axis in rat offspring.

(10)
2.2  

i)
Design an experiment that would allow you to demonstrate that neuronal activity is not required for the fine-tuning of synaptic connectivity in the fish visual system.








[4]
(ii)
Describe the consequences of dark-rearing on the development of synaptic connectivity in the rat visual cortex. Explain the role of the cortical extracellular matrix and of an “enriched environment” in this context.
[6]











(10)
Section 3


Assoc Prof Nicola Illing


30 Marks
3.1 The figure below is a photograph of Saccharomyces cereviseae strains grown at 25oC and at 37oC respectively.


[image: image2.jpg]25 °C 37°C

Wild cdc 28t Wild cdc 28ts
type type

cdc 28% + maize cdc2 cdc 28% + maize cdc2




a) Why do the CDC28ts cells form colonies at 25oC but not 37oC?
[3]
b) What is the significance of colony formation of the CDC28ts yeast strain transformed with the maize cdc2 cells at 37oC?

[3]
c) What does this experiment tell us about the functional homology of cyclin-dependent kinase genes among eukaryotic species?

[1]
(7)
3.2 Molecules both outside and inside the cell, regulate the cell cycle making it start or stop.

a) What is an example of an external molecule?

b) What is an example of a molecule inside the cell that is involved in cell cycle regulation?






(2)
3.3
Explain how in humans, cyclin dependent kinase (CDK) activity is modulated by the following proteins a) cyclin  b) Wee1 c) CAK d) p21.

(4)

3.4 Individuals with the hereditary disorder ataxia telangiectasia suffer from neurodegeneration, immunodeficiency, and increased incidence of cancer.  The genetic basis for ataxia telangiectasia is a loss-of-function mutation in the ATM gene (ATM=ataxia telangiectasia-mutated).
a) Name two substrates of ATM. 





[2]
b) How does the phosphorylation of these substrates lead to inactivation of CDK to enforce cell cycle arrest at a checkpoint?


[8]
(10)
3.5 “Mutations in two broad classes of genes have been implicated in the onset of cancer namely, tumour suppressor genes and proto-oncogenes” 

Clearly explain the difference between tumour suppressor genes and proto-oncogenes, giving an example of each.




(7)
Section 4


Dr Rob Ingle



20 Marks

4.1
What photomorphogenic phenotype would you expect for the following plants compared to wild-type plants grown under the same conditions and why?

a)
cop9 knock-out mutant in dark

b)
PHYA over-expressor in continuous far-red light

c)
cry1 knock-out mutant in continuous red light

d)
hy1 knock-out mutant in continuous red or far-red light
(8)

4.2
COP1 has been shown to interact directly with the transcription factor hy5 in the dark.

a)
what is the consequence of this interaction on photomorphogenesis?[3]
b)
how does CRY1 affect this interaction?



[2]
c)
COP1 has three domains, describe how you could test which domain is responsible for the interaction with hy5.



[1]











(6)
4.3
Phytochromes exist in two forms Pr (inactive) and Pfr (active)

a)
what are the sub-cellular localisations of the two forms? 

[1]
b)
how could you demonstrate that the localisation of phytochrome is dependent on which form it is in? 




[1]
c)
Phytochromes consist of two domains (N and C terminal). Name two roles of the N-terminal domain and describe the evidence for them.
[4]











(6)
Section 5



Dr Laura Roden


20 Marks

5.1
Describe positional syntenic cloning and how it was used to identify tau in hamsters.








(10)
5.2
A kinase inhibitor, 6-dimethylaminopurine was added to the growth medium in a race tube of wild-type Neuropsora crassa. This resulted in a lengthened period of the conidiation rhythm. A mutation which altered a critical serine residue in FRQ protein, resulted in a long-period of the conidiation rhythm and slow degradation of FRQ protein. Comment on the implications of these findings in terms of feedback, degradation and synthesis of clock components in determing period length of the Neurospora circadian clock.

(5)

5.3
Clock-associated proteins in diverse organisms contain PAS domains. 
a)  What is a PAS domain?






[2]

b)  What responses are PAS proteins usually involved in?


[1]

c)  Comment on the latter in terms of the origins and molecular evolution of biological clocks.







[2]









(5)
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