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AS91159 Demonstrate understanding of gene expression 

Mutations and Metabolic Pathways 
(2017, 2) GENETIC CODE 

 
(a)  A point mutation on the haemoglobin β gene can cause sickle cell disease.  

The template DNA sequence for part of the normal and mutated haemoglobin protein 

is shown in the table below.  

The affected base is shown in red, and indicated with an arrow.  

Complete the normal and mutated amino acid sequence using the mRNA : Amino Acid 

table above. 

 

(b)  Discuss the effects of point mutations on final protein structure.  
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In your answer include:  

•  identification and a description of the type of mutation leading to sickle cell disease  

•  an explanation of how this mutation affects the amino acid sequence and final protein 

structure  

•  a discussion of how the degeneracy of the code can reduce the impact of point 

mutations on final protein structure, and on an organism’s survival. 

 

(2017, 3): METABOLIC PATHWAYS 
  
A simplified section of the phenylalanine metabolic pathway is shown below. 

 
Using the simplified section of the phenylalanine metabolic pathway, discuss how the 

presence or amount of a product affects the phenotype.  

In your answer:  

•  describe how enzymes control metabolic pathways  

•  explain the relationship between genes, enzymes, and products  

•  identify which mutation causes the more severe phenotype AND discuss how 

mutations affect the presence or amount of products in the phenylalanine metabolic 

pathway.  

You may draw on the diagram above 
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(2016,3): MUTATIONS  

(a)  Describe what a mutation is. 

(b)  There are over 1000 mutations that can cause cystic fibrosis (CFTR). 

A common mutation is a deletion mutation that results in the absence 

of one amino acid in the final protein.  

Another mutation is a substitution mutation that results in a different 

amino acid in the final protein.  

Discuss how these two mutations affect the cystic fibrosis gene’s final 

protein and resulting phenotype.  

In your answer include:  

•  an explanation of why the deletion mutation causes one amino acid to be absent 

in the final protein, and how this affects protein folding  

•  an explanation of why the substitution mutation causes a different amino acid to 

be present in the final protein, and how this affects protein folding  

•  a discussion of why the deletion mutation causes severe cystic fibrosis disease, 

whereas the substitution mutation causes milder cystic fibrosis disease. 
 

(2015,2) 

In 1941 biologists George Beadle and Edward Tatum 
exposed the bread mould Neurospora crassa to radiation. 
The mutated moulds lost their ability to produce an 
amino acid (arginine), and this slowed or stopped their 
growth. However, they found when they provided the 
mould with the amino acid arginine, growth was 
restored. They concluded that a gene mutation 
inactivates an enzyme needed to synthesise the amino 
acid in a metabolic pathway. 

 

(a)  Describe what a gene mutation is. 

(b)  The biologists carried out further experiments and found three mutations prevented 
the amino acid arginine from being made.  

Using the Neurospora crassa metabolic pathway below, discuss why there are three 
mutations that can occur for the amino acid arginine not to be produced.  

 

http://www.google.co.nz/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwi54_3cvv7NAhXGlZQKHXetAkcQjRwIBw&url=http://www.dnaftb.org/16/&bvm=bv.127521224,d.dGo&psig=AFQjCNF5XcGSNr6SA8f56fIzi0yJIPCjXA&ust=1468982049551624
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In your answer:  

•  explain what a metabolic pathway is  

•  discuss why a mutation to any one of the genes can result in arginine not being 
produced  

•  discuss why the biologists concluded ‘One Gene Codes for One Protein’.  
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(2014, 3) 

  

ASSESSOR’S USE ONLY 

(a)  The mRNA codon sequence for part of a normal haemoglobin protein is shown in the table below.  

•  Complete the normal template DNA sequence in the table below.  

•  Complete the normal amino acid sequence using the mRNA Amino Acid table above 

 

 

 

Sickle cell disease (previously known as sickle cell anaemia) is an inherited disorder caused by a mutation 
on the haemoglobin (red blood cell) gene. The 20th nucleotide in the DNA sequence, has a T nucleotide 
substituted with an A nucleotide base on the DNA strand. 

 

(b)  Using the table below, describe the mutated amino acid sequence resulting from T being replaced at 
the 20th nucleotide position. 
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(c)  Discuss what happens to the final protein as a result of this mutation.  

In your answer:  

•  explain how the substitution mutation affects the sequence of bases and the final protein  

•  discuss what would happen to the DNA base sequence and final protein if an additional 
nucleotide was inserted into the sequence as an extra, rather than being substituted for 
another, and  

•  link this to the degeneracy of the genetic code. 

 

(2013, 3) 

Cystic fibrosis is caused by a mutation in the gene CFTR 
(cystic fibrosis transmembrane conductance regulator). The 
most common mutation is a deletion of three nucleotides 
that results in a loss of an amino acid at the 508th position on 
the protein. This mutation accounts for approximately 66–
70% of cystic fibrosis cases worldwide. It is an inheritable 
recessive condition. 

 

 

(a)  Define the term mutation. 

(b) Identify the differences between substitution, insertion and deletion mutations, and explain which 
type of mutation has the most significant effect on an organism’s phenotype. 

(c)  With reference to cystic fibrosis and another named disease, compare and contrast inherited 
mutations with mutations that occur during the organism’s lifespan.  

 

In your answer include:  

•  a description of both types of mutation  

•  an explanation of possible causes of these mutations and why they are different in terms of 
their effect on the organism  

•  a discussion of each type of mutation, in relation to the two diseases, and whether the diseases 
are inherited. 
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(2012, 3) 

Porphyrias are a group of rare disorders passed down through families, in which an important part of 
haemoglobin, called haem, is not made properly.  

Normally, the body makes haem in a multi-step process. Porphyrins are made during several steps of this 
process. Patients with porphyria have a deficiency of certain enzymes needed for this process. This causes 
abnormal amounts of porphyrins or related chemicals to build up in the body. 

 

 

In the above diagram, the enzymes are shown in red. 

 

Discuss why patients with Porphyria may have different causes of the disorder, and how two parents with 
Porphyria could give birth to children who do not have it. 

In your answer you should consider: 

•  a description of what is meant by the term ‘metabolic pathway’. 

•  an explanation of why some enzymes might be deficient. 

•  an evaluation of the diagram to justify how there can be different causes of the disorder, AND how 
normal children could be born from affected parents. 
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Previously from Level 3 AS 90715 

 (2010, 2b)  

 

(b)  A single substitution mutation in the DNA may or may not lead to a change in the functional protein.  

 

Discuss the effect a single substitution mutation in the DNA may have on the formation of a 
functional protein. 

You should include in your answer:  

•  how a mutation would be passed on during protein synthesis  

•  redundancy of the genetic code  

•  the position of the mutation in the DNA strand. 

 

(2006, 3) 

People affected by Duchenne muscular dystrophy (DMD) lose muscle function from an early age and rarely 

survive to adulthood. The disease is caused by a mutation in a gene found on the short arm of the human X 

chromosome. The dominant allele (M) results in normal muscle function, while the recessive allele (m) 

produces the slow, irreversible muscle wasting that is characteristic of this disease. 

(b)  Give ALL the possible genotypes for the phenotypes listed below: 

 (i) female not affected 

 (ii)  female affected 

 (iii) male affected 

 (iv) male not affected 



 No Brain Too Small ⚫ BIOLOGY  
 

(c)  (i) A female who is heterozygous for the DMD allele has children with an affected male. Use a 
Punnett square to show all possible genotypes for the offspring of this couple.  

 

 

 

 (ii) From your Punnett square, list the phenotypic and genotypic proportions for male and for 
female offspring.   

  Phenotypic proportions 

   male: 

   female: 

  Genotypic proportions 

   male: 

   female: 

(d)  Explain why more males than females are affected by Duchenne muscular dystrophy. 

 

Many metabolic pathways are controlled by multiple genes. An example is the metabolic pathway that 
produces normal skin pigmentation. Albinism, which is the total lack of pigment, can be caused by a 
mutation in any one of the genes controlling this pathway. 

(e) Discuss the fact that it is possible for two albino parents to have a child with normal skin 
pigmentation. 


