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1.	Describe the consequence of a base substitution mutation with regards to sickle cell anaemia.
(Total 7 marks)

 
2.	Sickle cell anemia is a serious disease caused by a single base substitution mutation. Explain how a single base substitution mutation can have significant consequences for an individual.
(Total 6 marks)

 
3.	What is a possible consequence of two base substitution mutations occurring in the same gene?
A.	Two amino acids coded for by the gene are changed.
B.	Amino acids in two polypeptides coded for by the gene are changed.
C.	All of the codons between the two mutations are changed.
D.	All of the codons from the first mutation onward are changed.
(Total 1 mark)

 
4.	Studies were carried out on the leaves of the wild type of the flowering mustard plant (Arabidopsis thaliana) to determine the pigment composition of the thylakoid membrane. The results were compared with the leaves of a mutant strain of the plant. These studies were repeated using thylakoid membranes from leaves grown in cultures deficient in either iron or magnesium.
Strain of Plant
Mineral Deficiency
Chlorophyll /
mg g–1 leaf
Carotenoids /
mg g–1 leaf

None
454
16
Wild Type
Iron
441
71

Magnesium
317
64

None
387
67
Mutant
Iron
317
81

Magnesium
172
95
[Source: Lu et al, (1995), Botanical Bulletin of Academia Sinica, 36, pages 175–179]


(a)	State the concentration of chlorophyll found in the leaves of the mutant strain of plant when deficient in iron.
....................................................................................................................................
(1)
 
(b)	(i)	Calculate the percentage increase in carotenoids found in the wild type when magnesium is deficient.
..........................................................................................................................
(1)
 
(ii)	Suggest why magnesium deficiency causes the changes shown in the pigment content of the leaves.
..........................................................................................................................
..........................................................................................................................
..........................................................................................................................
..........................................................................................................................
(2)
 
(c)	Using the data in the table, outline the effects of iron deficiency on the pigment content of the leaves.
....................................................................................................................................
....................................................................................................................................
....................................................................................................................................
....................................................................................................................................
(2)
(Total 6 marks)



5.	Up to two additional marks are available for the construction of your answers.
(2)
	(a)	Draw and label a simple diagram to show how DNA is constructed from sugars, phosphates and bases.
(6)
(b)	Define the terms gene and gene mutation.
(4)
(c)	Genetic modification involves the transfer of DNA from one species to another. Discuss the potential benefits and possible harmful effects of one example of genetic modification in a named organism.
(8)
(Total 20 marks)

 
6.	Which processes result in the greatest amount of genetic variation in a population?
A.	Natural selection and meiosis
B.	Meiosis and mutation
C.	Mutation and mitosis
D.	Mitosis and natural selection
(Total 1 mark)

 
7.	mutation is a change in DNA sequence;
changes the mRNA during transcription;
changes the amino acid sequence;
substitution mutation / changes to one codon;
glutamic acid is changed to valine / GAG to GTG;
changes the shape of hemoglobin / 
hemoglobin becomes less soluble and crystallizes out;
cannot carry oxygen as well;
red blood cells sickle / impairs blood flow;
causes other health problems / anemia / tiredness;
sickle cell anemia caused by two mutated recessive alleles;
[7]



8.	one codon in the DNA is altered;
mRNA with one altered base / codon;
GAG ® GUG in mRNA / CTC ® CAC in DNA / GAG ® GTG in DNA;
different tRNA binds to this codon;
different amino acid inserted into the polypeptide;
glutamic acid ® valine;
structure of the polypeptide / protein is altered;
active site of an enzyme may not function;
altered hemoglobin may cause red cells to become sickle shaped;
single proteins can have vital roles within the body;
details of symptoms of sickle cell anemia;
[6]

 
9.	A
[1]

 
10.	(a)	317 mg g–1 (units required)	1
 
(b)	(i)	300% (no units required)	1
(ii)	magnesium is a component of chlorophyll so less chlorophyll;
plants make more carotenoids to compensate for less chlorophyll;	2
 
(c)	iron deficiency lowers the chlorophyll content in both strains;
iron deficiency increases the carotenoid content in both;	2
[6]

 
11.	(a)	Award [1] for each of the following clearly drawn and correctly labelled.
labelled phosphate linked to labelled sugar by a single bond;
labelled base linked to a labelled sugar by a single bond;
correctly linked base, sugar and phosphate labelled as nucleotide;
covalent bond(s) labelled between sugar and phosphate / between sugar and base;
at least two nucleotides linked by a single sugar-phosphate bond;
at least two nucleotides linked by base-base bonds;
hydrogen bonds labelled between bases;
A-T and / or G-C base pairing;
phosphate and base shown linked to correct carbon atoms on sugar;	6 max
 
(b)	gene / sequence of nucleotides that controls a (specific) characteristic / trait;
gene can be inherited;
gene mutation is change in a gene;
change of base sequence;
examples of gene mutation such as substitution;	4
 
(c)	name of organism that was genetically modified;
source of the DNA / gene used to modify organism;
effect of the gene / characteristic coded for by the gene;
benefit / reason for wanting the recipient to be given this characteristic;
detail about benefit;
another benefit;
detail about another benefit;
possible harmful effect;
detail of possible harmful effect;
another possible harmful effect;
detail of another possible harmful effect;
	reference to gene transfer between species being a natural process (with viral
vectors);
uncertainty about long-term effect;	8 max
eg
wheat / maize / other crop plant;
Salmonella typhimurium;
resistance to glyphosate / roundup herbicide;
allows use of herbicide on growing crop;
higher yield due to less weed competition;
weeds that are very similar to the crop plants can be controlled;
gene for glyphosate resistance might be transmitted to weeds;
uncontrollable superweeds might be produced;
foreign DNA in the crop plant might cause allergies in humans;
fewer weeds for wildlife that feed on them;
NB:	Examiners may want to check reliable resources
	to verify details of candidates answer.
 
(Plus up to [2] for quality)
[20]

 
12.	B
[1]



