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1. 
(a)  
transcription 
The formation of a complementary copy of one strand of DNA (complementary to the 
antisense strand, but identical to the sense strand, except that T is replaced by U). 
Transcription thus results in the formation of a messenger RNA (mRNA) strand, which 
contains the same coded information as the original gene in the DNA. 
In Eukaryotes, transcription takes place in the cell nucleus. 

[3 marks] 
transfer RNA 
Transfer RiboNucleicAcid (tRNA). 
tRNA is used to assemble amino acids during protein synthesis. 
There is a different tRNA molecule for each amino acid, each with a different code 
(anticodon) complementary to the respective codon on the mRNA. 
In Eukaryotes, translation takes place in the cytoplasm (in the ribosomes on the 
endoplasmic reticulum). 

[3 marks] 
[total 6 marks] 

(b)  
Protein Sequence  
M  T  E  K  K  N  R  R  E  K 
 
messengerRNA (any of these will do) 
AUA ACU GAA AAA AAA AAU CGU CGU GAA AAA 
AUG ACC GAG AAG AAG AAC CGC CGC GAG AAG 
 ACA      CGA  CGA   
 ACG      CGG  CGG   

[13 marks] 
DNA (any of these will do, in the same position as above) 
ATA ACT GAA AAA AAA AAT CGT CGT GAA AAA 
ATG ACC GAG AAG AAG AAC CGC CGC GAG AAG 
 ACA      CGA  CGA   
 ACG      CGG  CGG   
      AGA 
      AGG 

[6 marks] 
 
[The actual DNA sense strand (although students could not work this out from the question, so this is here only 
for information to examiners) is ATG ACA GAA AAA AAA AAT AGG AGA GAA AAA] 

[total 19 marks] 
(c)  
DNA sense strand would be one of the following: - 

ATA TCT GAA AAA AAA AAT CGT CGT GAA AAA 
ATG TCC GAG AAG AAG AAC CGC CGC GAG AAG 
 TCA      CGA  CGA   
 TCG      CGG  CGG   
      AGA 
      AGG 
Protein Sequence  
M  S E  K  K  N  R  R  E  K 

 [8 marks] 
 

SEE NEXT PAGE 

 



CSM/17/5/SS06 - Page 3 -

2. 
(a)  
genus (pl. genera) 
A taxonomic rank above that of species, and below that of family. A genus is comprised of 
a number of species. eg. humans are Homo sapiens, where Homo is the genus. 
taxon (pl. taxa) 
A named taxonomic entity of any rank. eg. Homo sapiens is a taxon at the rank of species. 
Homo is a taxon at the rank of genus. 
type description 
The description in Latin that describes the type specimen to which it refers, and part of the 
collection of items that serve as a definition of a named taxon. 

[total 6 marks (2 each)] 
 

(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 specimens of four named tree 
species:  
AME: Tilia americana, JAP: T. japonica, COR: T. cordata and PLA: T. platyphyllos) 
 

Table 2   t x n table. 
 

 
Species 

Character #1 
Mean leaf length 
(cm) 

Character #2 
Number of flowers 
per inflorescence 

Character #3 
Mean bract length 
(cm) 

Character #4 
Staminodes present? 

AME 10.2 9 11.6 Yes 
JAP 5.9 8 5.3 Yes 
COR 5.4 7 6.9 No 
PLA 10.7 3 8.2 No 

 
 

(i)  
First Normalise values…(and make Character 4 into numeric value) 

 
Species 

Character #1 
Mean leaf length 
(cm) 

Character #2 
Number of flowers 
per inflorescence 

Character #3 
Mean bract length 
(cm) 

Character #4 
Staminodes present? 

AME 0.906 1.000 1.000 1 
JAP 0.094 0.833 0.000 1 
COR 0.000 0.667 0.254 0 
PLA 1.000 0.000 0.460 0 

 
Now create t x t dissimilarity table… 

 
Species 

 
AME 

 
JAP 

 
COR 

 
PLA 

AME 0 1.367 1.577 1.517 
JAP  0 1.049 1.651 
COR   0 1.219 
PLA    0 

 
[12 marks] 
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(ii)  

 
                                                                                               JAP 
 
                                                                                               COR 
 
 
                                                                                               PLA 
 
                                                                                               AME 
           

[10 marks] 
 

(c)  
 

Group 1: JAP, COR & PLA 
Group 2: AME 
 
The vertical line (phenon line) that divides the species into two groups separates JAP, 
COR and PLA from AME. 

[5 marks] 
 
 
3. 
 

(a)  
clade 
A group of taxa joined at a common branch in a cladogram eg. humans, gorillas, 
orangutans and chimpanzees join at a common branch. They have a single common 
ancestor. 
 
synapomorphy 
Shared advanced (devived) character states e.g. humans and great apes sharing 
intelligence. 
 
parsimony 
A major principle (axiom) in cladistics that means that groups (clades) should be 
made based on shared advanced (derived) character states, i.e. synapomorphies. 
 

[total 6 marks (3 each)] 
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(b)  

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

 
                          (1)  13 = BEST                       (2)  14                                     (3)  18 
 
     A        B         D       C           A       C          B       D           D        C        B         A 

 
                          (4)   17                                   (5)  14                                      (6)  23  
 
The number of changes from primitive to advance (derived) character states are shown. 
Cladogram (1) is the most parsimonious tree (involving fewest number of such changes, ie. 
Fewest apomorphies), and has 13 apomorphies. 
 
Best cladogram [5 marks] 
Reasoning [7 marks] 
Correct number of apomorphies [2 marks for each cladogram = 12 marks] 

[24 marks] 
 

(c)  
 
Cladogram (5) and cladogram (2) are identical in topology, so they mean exactly the same in 
a cladistic analysis. There is effectively no difference between them, as the root of the CB 
clade can rotate freely without change in meaning. 

[3 marks] 
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4. 
 

(a)   
Axiom   rule 1  rule 2  rule 3 
ABC   A->B  C->DA D->BC 

 
ABC 
BBC 
BBDA 
BBBCA Iteration 1 [4 marks] 
BBBCB 
BBBDAB 
BBBBCAB Iteration 2 [4 marks] 

[8 marks] 
(b)  

Axiom   production rule  
F   F          F [+F] [-F F] F  delta =45 degrees 

 
 
 

Iteration 1     Iteration 2 
 
 
 
 
 
 
 
 
 
 

 
      [8 marks for each correct tree, even if mirrored] 
      [2 marks extra for each tree if as shown above] 

 
 
 

 [20 marks] 
(c)  

One way: add a stochastic (random) element to the directions and/or lengths. 
Another way: change the lengths so that F gets progressively smaller towards the 
terminal branches. 

 [5 marks] 
 
      INTERNAL EXAMINER: Jonathan Y. Clark 
      EXTERNAL EXAMINER: ??? 
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