
 

 

BIOLOGY B242: EVOLUTIONARY AND ECOLOGICAL GENETICS 
 

EXAM 2004 
 

Answer ONE question from section A, TWO questions from section B, and 
ALL OF section C (overleaf).  Each section carries 1/3 of the marks of the 
whole paper. 
 
SECTION A (carries 1/3 of the marks).  Essay. Answer ONE of questions 1-3. 
 
1.  Give a full account of Mukai’s classic approach to measuring the impact on 

fitness of mutations in Drosophila fruitflies. 
 
2.  Is the study of hybrid zones the key to speciation?  Discuss why or why not. 
 
3.  Give three ways in which natural selection can act on quantitative traits. In each 

case, assess whether natural selection can account for the high levels of 
heritable genetic variation seen in natural populations.  For each mode of 
selection, use an illustrative example. 

 
SECTION B (carries 1/3 of the marks).  Short answers.  

Answer TWO of questions 4-8. 
 
4. Explain, with suitable examples, how to distinguish between positive and 

negative frequency-dependent selection. 
 
5. “We must discard Biston as a well-understood example of natural selection in 

action, although it is clearly a case of evolution”.  What is the author talking 
about?  Defend your own view of the matter. 

 
6. Discuss three contexts in which the concept of ‘punctuated equilibrium’ has 

been invoked. In each case comment on whether punctuated equilibrium is a 
valid explanation and justify your reasoning. 

 
7. Explain why cladists distinguish between shared derived and shared primitive 

character states when reconstructing phylogenies. 
 
8. List and describe three advances in evolutionary biology that could not have 

been made without molecular biology techniques invented since the 1950s. 
 

 
PLEASE TURN OVER FOR SECTION C!! 



 

 

SECTION C.  (carries 1/3 of the marks). Attempt ALL parts.  
 
9.  The genotypes of two samples from the Foré people of New Guinea were 

determined.  One sample had been exposed to cannibalism rituals.  The other 
sample was taken from an unexposed population: 

 
 Genotypes at prion protein locus Total in sample 

Sample A1A1 A1A2 A2A2  
Exposed (E) 42 231 27 300 

Unexposed (UE) 31 72 37 140 
 

a)  Determine the allele frequencies before and after exposure. 
 
Using data and allele frequencies for EXPOSED INDIVIDUALS ONLY ... 
b)  What are the expected genotypic frequencies for the exposed population 

assuming Hardy-Weinberg Equilibrium? 
 
c)  Perform a chi-square test on observed and expected numbers for the exposed 

population.  What is the overall value of chi-square? 
Table of chi-square values____________________________________ 
Degrees of           Value of P  
freedom              0.99  0.9   0.5   0.1   0.05  0.01  0.001 
1                    0.00  0.02  0.46  2.71  3.84  6.63  10.83 
2                    0.02  0.21  1.39  4.61  5.99  9.21  13.82 

 

d)  Look up the chi-square value from (c) in the table of chi-square given above.  
How probable is it that the observed results would occur under the null 
hypothesis of Hardy-Weinberg Equilibrium? Explain in words. 

 
e)  Is there evidence for selection?  
 
Using BOTH EXPOSED AND UNEXPOSED data ... 
f)  Calculate observed genotype frequencies for both exposed and unexposed 

populations.  
 
g)  For each genotype class, estimate the fitness of the exposed population relative 

to the unexposed population (i.e. E/UE for each of A1A1, A1A2, and A2A2).  
(Here, you are using the unexposed population to give expected genotype 
frequencies in the absence of selection). 

 
h) Standardize the answers in (g) to obtain fitnesses of all three genotypes after 

exposure relative to that of the heterozygotes.  (i.e. in the form 1 – s,  1,  1 – t). 
 
i) What are your estimated values of the selection coefficients s and t? 
 
j) Is this selection strong or weak?  What is the name given to this sort of 

selection? What is a likely evolutionary outcome of this kind of selection? 
 

END OF PAPER 
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