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60 marks

Question 1








12 marks

In Drosophila the allele dp+ determines long wings and dp determines short (dumpy) wings. At a separate locus, e+ determines gray body and e determines ebony body. Both loci are autosomal.

The following crosses were made starting with true breeding parents.

P
long, ebony ♀

x
short, gray ♂
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true breeding

F1


long, gray ♀


x

short, ebony ♂


Progeny



long, ebony

54






Long, gray

47






Short, gray

52






Short, ebony

47









200

a) Use the 2 test to determine if these loci are linked.


(8)

In doing so, state your hypothesis, 2 value, p value, meaning of the p value and your conclusion.

b) Determine the genotypes of the parents, F1, tester and progeny.

(4)
Question 2








14 marks

Throughout the genetics course we have looked at a variety of genetic model organisms including Arabidopsis thaliana, Drosophila melanogaster, Caenorhabditis elegans and Saccharomyces cerevisiae.

a) For any TWO of these model organisms, describe features that they have in common which make them good model systems.



(8)

b) Describe one unique feature of Caenorhabditis elegans and one unique feature of Saccharomyces cerevisiae that are useful to geneticists


(6)

Question 3








12 marks

You are working with Saccharomyces cerevisiae and start with the haploid yeast strains below:

Strain 1
leu-
mating type a

Strain 2
his-
mating type 

Strain 3
leu-
mating type 

Strain 4
his-
mating type a


Strain 5
leu-
mating type?


Strain 6
his-
mating type?


a) how would you demonstrate that a yeast strain was leu-?


(4)

b) how would you determine the mating type of strains 5 and 6?

Include details of the yeast strains and media you would use and all the results you would expect.







(8)

Question 4








12 marks

In order to investigate the biosynthesis of phenylalanine in the yeast, S. cerevisiae, you mutagenize haploid yeast and screen for phenylalanine auxotrophs. You isolate 6 such mutants and mate them pairwise to create diploids. 

You obtain the following results ("+" indicates that the diploid grows on minimal media and "-​" indicates no growth on minimal media):

	
	m1 
	m2 
	m3
	m4 
	m5 
	m6 
	wildtype

	m1
	-
	+
	+
	-
	+
	-
	+

	m2
	
	-
	+
	+
	+
	+
	+

	m3
	
	
	-
	+
	-
	+
	+

	m4
	
	
	
	-
	+
	-
	+

	m5
	
	
	
	
	-
	+
	+

	m6
	
	
	
	
	
	-
	+

	wildtype
	
	
	
	
	
	
	+


a) Sort the 6 haploid mutants into complementation groups.


(4)

b) What does the number of complementation groups tell you about the number of genes in the phenylalanine biosynthetic pathway?



(2)

c) Explain why the diploid formed by mating m1 and m2 is able to grow on minimal medium while the diploid formed by mating m1 and m4 is unable to grow on minimal medium.






(6)

Question 5








10 marks

An experiment identified three genes important in the biosynthesis of arginine. You perform biochemical studies of haploid mutants that carry mutations in these three genes.  For example, Mutant #1 has a mutation in the gene that encodes enzyme 1. You find that each mutant accumulates compounds that are intermediates on the biosynthetic pathway for arginine. 
Strain 




Intermediate

Mutant #1



ornithine

Mutant #2



argino-succinate 

Mutant #3



citrulline

A double mutant of #1 and #2

ornithine

A double mutant of #2 and #3

citrulline

A double mutant of #1 and #3

ornithine

a) Based on the data for mutant #1, does the enzyme mutated catalyze the synthesis or the breakdown of ornithine?




(3)

b) Comparing genes #1 and #3, which is epistatic to the other?


(3)

c) Based on these data, draw the biosynthetic pathway for arginine.

(4)

Prof Jennifer Thompson 






20 marks

Question 6

Salmonella enterica is closely related to Escherichia coli. It can be infected with the F plasmid, which can integrate into the chromosome to produce Hfr strains.These can be mated with F-  E. coli to study the order and time of entry of genetic markers. The data shown here pertain to times of entry of four genetic markers in crosses of E. coli Hfr  x  E.coli F- and S. enterica  Hfr  x  E.coli F- .






ile
met
pro
arg

E. coli Hfr  x  E. coli F-

28
20
6
22

S. enterica Hfr  x  E. coli F-

4
22
47
18



(numbers refer to time in minutes)

(a) How do the genetic maps of E. coli and S. enterica compare with respect to these genes?

(b) What are the origin and direction of transfer in each Hfr?
(c) How fast does an S. enterica  Hfr transfer chromosomal DNA relative to an E. coli  Hfr?
Dr Sagadevan Mundree






10 marks

Question 7 
(10)

1.a)
A circular DNA molecule was digested with the following restriction enzymes individually as well as double digestions. After agarose gel electrophoresis, the fragment sizes were are as follows:

KpnI
  PvuII
    PvuI
           
  KpnI & PvuI
             KpnI &PvuII

3.0 kb     2.5 kb    2.0 kb                 1.8 kb                         2.5 kb      

               0.5 kb    1.0 kb                 1.0 kb                         0.3 kb

                                                         0.2 kb                        0.2 kb

Map the relative positions of the three restriction enzymes on the circular DNA molecule.







(6)

  b)
How agarose gel electrophoresis works ?




(4)

Dr Colleen O’Ryan







30 marks

Question 1







(4 marks)

How many A and a alleles are present in a sample of organisms that consists of 10 AA, 15 Aa, and 4 aa individuals? Calculate the allele frequencies and the observed genotype frequencies in this sample.

Question 2







(4 marks)

Hereditary hemochromatosis, a defect in iron metabolism resulting in impaired liver function, arthritis, and other symptoms, is one of the most common genetic diseases in northern Europe. The disease is relatively mild and easily treated when recognized. About one person in 400 is affected. Assuming Hardy-Weinberg proportions, determine the expected frequency of carriers.

Question 3







(10 marks)

The complete genetic complement of a cell consists of nuclear and extranuclear DNA.  In the case of an animal cell the latter is mitochondrial DNA, and in a plant cell it is mitochondrial and chloroplast DNA.

a) What characteristics of nuclear and extranuclear DNA would you exploit to 

      preferentially extract mitochondrial or chloroplast DNA?


(4)

b)   Briefly describe the technique you would use to do this.



(6)

Question 4







(12 marks)

There are a number of standard reagents and methods used in molecular biology listed below. Briefly describe how each reagent or method works, and give an example of how you would use each one. (2 marks for “how” and 2 marks for the example).

a) EtBr (ethidium bromide)






(4)

b) Ethanol precipitation







(4)

c) Centrifugation








(4)

1
1

