University of Cape Town

Department of Molecular & Cell Biology

Course Code:
    MCB212S


Course: Molecular Genetics & Development
Paper:
     1




Date:  7 November 2005
No.of pages:
6



Marks:  120

Time: 
3 Hours



Venue: ZOO 2 – 09h00
ANSWER ALL QUESTIONS

Please write on both sides of the pages in the answer books.
Each section to be completed in a separate answer book.

Question 1








2 marks

Why do some genetic markers appear further apart in males than females on genetic maps even though they are at the same physical distances on chromosomes?

Question 2 








5 marks

It was recently announced that the first map of the rice genome was completed. Researchers from 10 countries worked together to identify all 37,544 genes in rice and establish the position of each gene on rice's 12 chromosomes. 
a) What kind of map is being described?




(1)

“The International Rice Genome Sequencing Project worked according to the clone-by-clone shotgun sequencing strategy, so that each sequenced clone could be associated with a specific position on the map.” CORDIS news 12 August, 2005

b) What kinds of clones are commonly used in genome sequencing?
(2)
c) What methods can be used to assign clones to chromosomes and loci on chromosomes?








(2)
Question 3 








5 marks

In Arabidopsis, a mutation in a hormone synthesis gene causing a dwarf phenotype, (dwf5) and a mutation in a nitrate reductase gene, resulting in resistance to herbicide (hr) are located on chromosome 1, 10 map units apart. The phenotypes of both mutations are recessive. What phenotypes, and in what proportions, would you expect in the progeny from the cross dwf5+ hr+ / dwf5 hr   dwf5 hr / dwf5 hr ?
Question 4 







8 marks

How was it demonstrated that genetic recombination through crossing over is associated with the exchange of material between homologues?
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20 marks
Question 5








12 marks
There are two yeast chromosome-3 probes that detect RFLP loci approximately 25 cM apart. In Southern blots of an EcoRI digest of Strain 1, probe A recognises two fragments of 1 and 2 kb, and probe B hybridises to two fragments of 4 and 1.5 kb. In Southern blots of strain 2, probe A detects one band of 3 kb and probe B detects one band of 5.5 kb.

Draw the Southern blot banding patterns you would see in EcoRI digests of individual asci cultures from asci produced by a diploid of Strain 1 X Strain 2.
Draw the patterns you would see using both probes simultaneously.

Be sure to draw all the different ascus types you would expect i.e. for each ascus type draw the banding patterns you would see for each of the individual ascospores when grown as haploids.   
Question 6








2 marks
In an ordered linear tetrad analysis, the second division segregation (Meiosis II ) frequency of the trp locus is 12%. The map distance from this locus to its centromere is:

A) 3 cM B) 6 cM C) 12 cM D) 24 cM E) 50 cM      

Question 7








4 marks

Explain what a LOD score is and how it is used.
Question 8








2 marks
In yeast, which types of asci are the most frequent in a cross between AB x ab if A is located 50cM and B is located 60cM from the centromere on the same chromosome arm?
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Eukaryotic Genome Complexity


20 marks
Question 9 








6 marks
a) How does chromosomal packaging influence gene activity?


[2]

b) Please explain in some detail the experimental approach that was used to show the link between chromosome packaging and gene activity. (DO NOT explain the Electron micrograph evidence).






[4]
Question 10







 4 marks
Telomeres are specialised structures at the ends of chromomes.

a)

What is the structure and sequence of telomeres?



[1]
b)

A challenge is posed by the ends of DNA, but a countermeasure (or answer) is provided by an enzyme. What is this enzyme called?


[1]
c)

How does this enzyme work?






[2]
Question 11 








3 marks
How many total chromosomes would typical nuclei of human cells have in each of the situations below?

a) 
monosomy
b) 
monoploidy
c)
 tetrasomy
Question 12 








3 marks
A normal chromosome has the following sequence (      indicates the location of the centromere). 

A  B  C  D   E  F  G  H

Determine the type of chromosomal rearrangement illustrated in each of the chromosomes below:

a) 
A  B  C  F  E    D  G  H

b)
 A  B  C  D   E  F  F  E  G  H

c) 
A  D   E  F  B  C  G  H
Question 13








 4 marks
A colour-blind man marries a homozygous normal-vision woman and they have two daughters.  Both girls have Turners Syndrome; one girl has normal vision and the other girl is colour-blind.  The type of colour-blindness involved is a sex linked recessive trait.

a)

Did the colour-blind girl inherit colour blindness from mother or father? Please explain your answer.

b)

Draw out the type of nondisjunction that would have resulted in the colourblind girl’s phenotype of Turners Syndrome.
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20 marks

Question 14 








6 marks

How is alternative splicing involved in sex determination in flies? 

Question 15 








8 marks
What are the roles of the following in the regulation of gene expression:

a)
TFIID

b)
PolyA tail

c)
Spliceosome

d)
Enhancers


Question 16








 4 marks

It is possible to knock-out the expression of a gene by the use of antisense RNA. How does this work? 

Question 17








 2 marks
What is the proteasome and what is its function?
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20 marks
Question 19 








2 marks

What is the difference between a syncitial blastoderm and a cellular blastoderm during development in Drosophila embryos?

Question 20 








2 marks
What is the phenotype of a Drosophila mutation in the gap class? What is the phenotype of a Drosophila mutation in the pair-rule class?

Question 21 








4 marks

How do the segment polarity genes differ in their mode of action from the gap and pair-rule genes?  Use specific examples in your answer.

Question 22 








12 marks

The following two statements were made by the 2nd year students in response to a question of what they found most interesting about the determination of the anterior/posterior axis in Drosophila. Write a short essay, using one of these statements as a title.  9 marks will be given for content, and 3 marks will be allocated for style, grammar and spelling.

“Maternal effect and how we are more our mother's children”

“It is interesting that these minute fly bodies relate to us”
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20 marks
Question 23








4 marks

Axis formation and fixation in Fucus are controlled by a cascade of events in response to an environmental signal. You are provided with two capillary tubes containing newly fertilised Fucus embryos, a light source and Cytochalasin B which prevents polymerisation of actin filaments. 

How would you demonstrate that actin polymerisation was required for axis fixation in Fucus embryos?







Include all relevant details such as the direction of light and the results you would see.
Question 24








4 marks

Cell fate can be determined by position or lineage. Explain this sentence in your own words and give an example of cell fate determination by either method. 


Question 25 








6 marks
Outline two ways in which cell-to-cell communication takes place in plants. Give a specific example of each method of communication
and indicate the function of the proteins you describe.










Question 26








6 marks
i. Describe the ABC model of flower development.



(4)

ii.
Clearly describe one piece of experimental evidence that backs up this model.  
  









(2)
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