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1. 
(a) Explain what is meant by the three terms: parsimony, phylogenetic tree and outgroup. 

Illustrate your answer using examples. 
[6 marks] 

 
(b) Table 1 below is a 't x n' table showing the states for 12 characters for four named 

taxa, A, B, C and D. In the table, advanced or derived (apomorphic) character states 
are represented by 1 and primitive (plesiomorphic) character states by 0. 
 

Table 1   t x n table. 

  Characters 
   1 2 3 4 5 6 7 8 9 10 11 12

A 0 0 0 0 0 0 0 0 0 1 0 0
B 0 1 0 1 1 1 1 0 0 0 1 1
C 1 0 1 0 1 1 1 1 1 1 0 1Sp

ec
ie

s 

D 1 1 1 1 1 1 1 1 0 1 1 1
 
Figure 1 below shows six possible cladograms which could represent the phylogenetic 
relationships in this group of taxa. Which of the six cladograms shown here do you 
consider to be the best? Explain your reasoning, using diagrams where appropriate. 
 

Figure 1   Trees 
 

      D       B         C       A            A        B        C         D            A       B         C        D  

 
                          (1)                                           (2)                                          (3)   
 
      A       C          B       D           D        C        B         A           A        B         D       C 

 
                          (4)                                          (5)                                          (6)   
 

[24 marks] 
 

(c) Compare cladogram (3) with cladogram (4) in the figure above, with regard to their 
respective significance in a cladistic analysis. Explain your reasoning clearly.  

[3 marks] 
 
 

SEE NEXT PAGE 
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2. 
(a) Consider the two following DNA nucleotide base sequences. Recall that the 

nucleotide bases found in deoxyribose nucleic acid are A (Adenine), C (Cytosine), G 
(Guanine) and T (Thymine). 
 

TAGCATAA  TTATGA 
 

Perform a simple alignment of these sequences and evaluate the gap-free score. 
Indicate clearly the most likely correct alignment, explaining your reasoning. Use a 
match score of [3] and a mismatch score of [-1]. 

[8 marks] 
 

(b) Starting with the same two sequences shown in Q1(a) above, evaluate the score using 
the same match and mismatch scores, but also with a gap penalty of [-1] for all 
possible gap positions. Indicate the most likely alignment(s), using this scoring 
system, showing your reasoning clearly. 

[18 marks] 
 

(c) Long insertion or deletion gaps (indels) are more likely than the same number of 
separate gaps. This principle can be implemented by modifying the gap penalty to 
include a gap origination penalty. 
 
What would the alignment scores be if your answer to Q2(b) was modified to include 
an additional origination penalty of [-1]? Indicate the most likely alignment(s), using 
this scoring system, showing your reasoning clearly.  
 

 [7 marks] 
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3. 
 

(a) Explain what is meant by the THREE terms: genus, taxon, type specimen. Illustrate 
each answer with one example. 

[6 marks] 
 

(b) Phenetic classification, that is hierarchical classification based on observed 
similarities, can be performed using cluster analysis. Consider the 't x n' table below 
(Table 2) showing the states of four characters for four named species of the 
flowering plant genus Lithops:  
 

AUC: Lithops aucampiae, JUL: L. julii, HER: L. herrei and OPT: L. optica 
 
 

Table 2   t x n table. 
 

 
Species 

Character #1 
Mean fissure 
depth (mm) 

Character #2 
Number of stigma 
lobes 

Character #3 
Mean flower 
diameter (mm) 

Character #4 
Main flower colour 

AUC 5.0 6 35.0 Yellow 
JUL 7.5 5 30.0 White 
HER 11.0 5 17.5 Yellow 
OPT 9.5 5 13.5 White 

 
 

 
(i) Construct a dissimilarity matrix (also known as a t x t table), showing the 

Euclidean distances between each pair of species. Show all your calculations 
clearly. 

[12 marks] 
 

(ii) Construct a phenetic dendrogram (phenogram), using data from the 
dissimilarity matrix that you have created, to show the phenetic relationships 
between the four species. Use the nearest neighbour linkage method. Show all 
your calculations clearly. 

 
 [10 marks] 

 
(c) Classify these four species into two taxonomic groups, using the dendrogram you 

constructed in Q3(b)(ii) as a guide. Explain your reasoning. 
[5 marks] 
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4. 
Rewriting systems are important in many areas of bioinformatics, including 
Lindenmayer systems. Lindenmayer systems (L-Systems) are models that use turtle 
graphics and node and edge rewriting to simulate branching growth forms in 
biological organisms.  
 

(a) Consider the axiom (starting point) and THREE production rules as follows: 
 

Axiom   Rule 1       Rule 2   Rule 3 
BAAC   C         A  B        CD  A        CB 
 
Assume the starting point above to be iteration 1. Evaluate iteration 3 using rewriting 
principles. Show all stages and iterations in your working clearly. 

 [9 marks] 
 

(b) Using your answer from Q4(a), draw the turtle graphics figures for iterations 2 and 3, 
using 

 
A=forward     B=back     C=right    D=left. 

 
Start pointing towards the top of the page, and move one unit each time. You should 
indicate clearly the start, stop and end points on your diagram. Use arrows to show the 
directions of movement. 

 [12 marks] 
 
(c) Consider the axiom and one production rule below: 

 
Axiom   production rule  
F   F -> F [+F] [-F [-F] F] F  delta =45 degrees 
 
 
 
where F is initially represented by an upward pointing arrow, as shown. 
 
Assume the starting point (axiom) above to be iteration 1. Draw a 2-dimensional axial 
tree for iteration 2. Show and clearly label all steps in your diagram, including the 
start and end points. 

[12 marks] 
 

 
 
 
      INTERNAL EXAMINER:  Dr J. Y. Clark 
      EXTERNAL EXAMINER: Prof. K. Martin 


