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Q1. 
Sickle cell anaemia is an inherited condition that affects red blood cells. 

Sickle cell anaemia is caused by a mutation in the gene for haemoglobin. Haemoglobin is 
the red pigment found in red blood cells. 

A person who is homozygous for the normal haemoglobin allele (HA) produces normal red 
blood cells. 

A person who is homozygous for the mutated allele (HS): 
•   produces red blood cells with abnormal haemoglobin 
•   has red blood cells that can form an altered shape 
•   has sickle cell anaemia and becomes ill. 

A person who is heterozygous: 
•   has both normal and abnormal haemoglobin in the red blood cells 
•   has sickle cell trait 
•   is generally healthy but can become ill in certain circumstances. 

(a)  Give the reason why a mutation in the gene coding for haemoglobin could be 
harmful. 

___________________________________________________________________ 

___________________________________________________________________ 
(1) 

(b)  Figure 1 shows some red blood cells from the blood of a person with sickle cell trait. 

Figure 1 
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Calculate the proportion of cells in Figure 1 that have an altered shape. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

Proportion = ____________________ 
(2) 

Figure 2 shows the inheritance of sickle cell anaemia in one family. 

Figure 2 

 

(c)  Persons 8 and 9 in Figure 2 are expecting a second child. 

Determine the probability that the child will be a girl with sickle cell trait. 

You should: 
•   draw a Punnett square diagram 
•   identify the phenotype of each offspring genotype 
•   use the symbols: 

HA = normal haemoglobin allele 
HS = mutated haemoglobin allele. 
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Probability of a girl with sickle cell trait = _______________ 
(5) 

(d)  Without medical treatment, people with sickle cell anaemia are frequently ill and 
have a reduced life expectancy. 

The malarial parasite cannot live in the red blood cells of a person who has the HS 
allele. 

A scientist stated: 

‘It is an advantage for people to have the HS allele in countries where malaria 
occurs.’ 

Evaluate the scientist’s statement. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 
(3) 

(Total 11 marks) 

Q2. 
The photographs show the flowers of two closely-related species of plant. 

                        Species A                                                              Species B 
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The drawings show chromosomes from one cell in the root of each plant during cell 
division. 

  
Species A   Species B 

  
One 

chromosome   One  
chromosome 

(a)     The drawings show that each chromosome has two strands of genetic material. 

(i)      How does a chromosome become two strands? 

______________________________________________________________ 

______________________________________________________________ 
(1) 

(ii)     Explain why each chromosome must become two strands before the cell 
divides. 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 
(2) 

(b)     For sexual reproduction, the plants produce gametes. 

(i)      Name the type of cell division that produces gametes. ___________________ 
(1) 

(ii)     How many chromosomes would there be in a gamete from each of these two 
plant species?  

Species A            Species B       
(1) 

(iii)    It is possible for gametes from Species A to combine with gametes from 
Species B to produce healthy offspring plants. 

How many chromosomes would there be in each cell of one of the offspring 
plants? 
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(1) 

(c)     (i)      Look back at the information at the start of the question and the information 
from part (b). 

What evidence from these two pieces of information supports the belief that 
Species A and Species B evolved from a common ancestor? 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 
(2) 

(ii)     For successful gamete production to take place, chromosomes that contain 
the same genes must pair up. 

The drawings showing the chromosomes of Species A and of Species B are 
repeated below. 

               Species A                                                            Species B 

 

 

The offspring plants cannot reproduce sexually. 

Suggest an explanation for this. 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 
(2) 

(Total 10 marks) 
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Mark schemes 

Q1. 
(a)  mutation means less oxygen for (aerobic) respiration 

allow haemoglobin or red blood cell carries 
oxygen for (aerobic) respiration 
do not accept no oxygen for respiration 

1 

(b)  4 ÷ 17 
allow 4:13 

1 

0.235(29...) 
allow 0.24 or 24% 
allow ratio 1 : 3.25 

1 

(c)  father / 8’s gametes correct: HA + HA 

1 

mother / 9’s gametes correct: HA + HS 

allow 1 mark for both sets of gametes if parents 
not identified 

1 

correct derivation of offspring genotypes: 
HAHA HAHA HAHS HAHS 

allow correctly derived offspring genotypes from 
incorrect parental gametes 

1 

correct phenotype for each derived genotype 
1 

0.25 / ¼ / 25% / 1 in 4 / 1:3 
allow only a probability consistent with student’s 
derivations 

1 

(d)  any three from: 

points for: 
•   HAHS do not get malaria 

•   HAHS survive sickle cell anaemia 

points against: 
•   HAHA may die from malaria 

•   HSHS may become (severely) ill with sickle cell anaemia 

•   Judgement: 
if parents HAHS then some offspring survive both malaria and sickle cell 
anaemia 
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or 
if parents HAHS then some offspring may become (severely) ill with 
malaria and some become (severely) ill with sickle cell anaemia 

to gain full marks both point(s) for and point(s) 
against must be given 

3 
[11] 

Q2. 
(a)     (i)      DNA replication / copies of genetic material were made 

’it’ = a chromosome 
allow chromosomes replicate / duplicate / are copied 
ignore chromosomes divide / split / double 

1 

(ii)     one copy of each (chromosome / chromatid / strand) to each offspring 
cell 

ignore ref. to gametes and fertilisation 
1 

each offspring cell receives a complete set of / the same genetic 
material 

allow ‘so offspring (cells) are identical’ 
1 

(b)     (i)      meiosis 
allow mieosis as the only alternative spelling 

1 

(ii)     Species A = 4 and Species B = 8 
1 

(iii)    sum of A + B from (b)(ii) e.g. 12 
1 

(c)     (i)      similarities between chromosomes 
or 
similarities between flowers described 

e.g. shape of petals / pattern on petals / colour / stamens 
1 

can breed / can sexually reproduce 
allow can reproduce with each other / they can produce 
offspring 

1 

(ii)     any two from: 

•        offspring contain 3 copies of each gene / of each chromosome / 
odd number of each of the chromosomes 

•        some chromosomes unable to pair (in meiosis) 

•        (viable) gametes not formed / some gametes with extra / too many 
genes / chromosomes 
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or 
some gametes with missing genes / chromosomes 

2 
[10] 


