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Question 2 
 
Certain human genetic conditions, such as sickle cell anemia, result from single base-pair mutations in 
DNA. 
 
(a)  Explain how a single base-pair mutation in DNA can alter the structure and, in some cases, the  

 function of a protein. (4 points maximum) 
 

DNA (3 points maximum) 
• Define mutation; change in bases: A, C, G or T. 
• Describe type of mutation: duplication, frameshift, nonsense, deletion, substitution (point 

mutation). 
• Describe central dogma: DNA  RNA  protein. 
• Describe process of central dogma: transcription  translation. 
• Translation of codons: 3 nucleotides  1 amino acid. 
• Redundancy in genetic code: 64 combinations: 20 amino acids (or can result in “stop” codon). 

 
Protein (3 points maximum) 
• Describe altered protein structure: primary, secondary, tertiary, quaternary. 
• Describe protein function change: active site conformation, oxygen binding.  
• Describe structural change: hydrophobic/hydrophilic interactions, disulfide bonds, R-group 

interactions, hydrogen bonds. 
 
(b) Explain, using a specific example, the potential consequences of the production of a mutant protein 

to the structure and function of the cells of an organism. (4 points maximum) 
 
• Type of change: dominant, recessive. 
• Changed protein  changed trait/character/function (gain or loss of function). 
• Description of example (any trait). 
• Description of protein structure or example after change. 
• Description of function after change.  
• Elaboration with sickle: mutation/effect in organism, Glu  Val, etc. 
• Heterozygotic advantage (resistance to malaria). 

 
(c) Describe how the frequency of an allele coding for a mutant protein may increase in a population over   

 time. (4 points maximum) 
 
• Hardy-Weinberg equation, with description (p2 + 2pq + q2 = 1; p + q = 1). 
• Natural selection/adaptation, with description or example. 
• Additional point for elaboration of natural selection. 

o More born than will survive, variations in individuals, variations in gene pool, sexual 
selection, adaptations to environment  differential reproductive success. 

• Small population, with description or example (genetic drift). 
• Sexual selection or inbreeding, with description or example. 
• Immigration/emigration/migration, with description or example. 
• Effects of germ line vs. somatic change. 
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Question 2 
 
Sample: 2A 
Score: 10 
 
This response is well written and clearly organized according to the question, providing examples for 
several of the statements.  
 
In part (a) 4 points were earned. Three points were earned for the description of a frameshift mutation, how 
the new codons would code for different amino acids, and how the mutation would affect the protein by 
changing the amino acid sequence/primary structure. Another point was earned for describing how, in 
some mutations, different amino acids will have changed interactions (R-groups), thus altering the 
secondary, tertiary and quaternary structures. Another point could have been awarded for the description 
of how a mutation could change an enzyme’s active and allosteric sites, but the maximum 4 points had 
already been earned. The response provides an additional example of a substitution mutation.   
 
In part (b) 4 points were earned. One point was earned for describing the sickle cell anemia red blood cells 
as being sickle-shaped, and a second point was earned for indicating that the cells do not carry oxygen as 
efficiently as normal cells do. One point was earned for the discussion about the heterozygote advantage 
owing to malarial resistance, which begins in part (b) and is elaborated in part (c). Another point was 
earned for the description of the sickle cell allele as recessive, which is found in part (c).    
 
Two points were earned in part (c) for describing how genetic drift/bottleneck and the migration/founder 
effect alter the allelic frequency. Two points for the description of natural selection and the effect of 
inbreeding on the allelic frequency could have been awarded, but the response had already reached the 
10-point maximum.   
 
Sample: 2B 
Score: 7 
 
Four points were earned in part (a). Two points were earned for indicating that each three-base-pair codon 
“codes for the insertion of one amino acid,” and that a mutation in a single base pair could result in the 
incorrect amino acid being inserted (substitution). A third point was earned for indicating that a mutation 
could change the primary structure of a protein. The final point came for the indication that a mutation 
could alter the interaction between an enzyme and another molecule.   
 
In part (b) 2 points were earned for indicating that sickle cell disease reduces the hemoglobin’s capacity to 
carry oxygen. The second of the 2 points was earned for the description, found in part (c) of the response, 
of the sickle cell anemia resistance to malaria.  
 
One point was earned in part (c) for indicating that the mutant allele can increase an individual’s fitness by 
natural selection, increasing the allele frequency in subsequent generations. 
 
Sample: 2C 
Score: 4 
 
In part (a) 4 points were earned. The maximum 3 points were earned for the DNA discussion: 2 points for 
the description of transcription and translation and the information flow from DNA to mRNA to 
polypeptide, and a third point for indicating that a point mutation may change the amino acid. The fourth 
point was earned for stating that amino acids have different R-groups, altering the protein structure.   
 
No points were earned in parts (b) and (c).   


