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Answer ALL questions.

Write your answers in the spaces provided.

Some questions must be answered with a cross in a box .  If you change your mind about an 

answer, put a line through the box  and then mark your new answer with a cross . 

1 Many characteristics within a population show a pattern of variation, similar to the 
one shown in the graph.

 (a) (i) The peak of the curve in the graph is the  
(1)

   A mean

   B median

   C mode

   D standard deviation

  (ii) Which one of these phenotypes shows a pattern of continuous variation?
(1)

   A blood group 

   B body mass

   C eye colour

   D gender
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 (b) Explain why an individual may have a greater adult height than their 
biological parents.

(4)

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

 (c) Cell division during the production of gametes produces genetic variation.

  This type of cell division involves 
(1)

  A one division to produce diploid cells

  B one division to produce haploid cells

  C two divisions to produce diploid cells

  D two divisions to produce haploid cells

(Total for Question 1 = 7 marks)

Height is an example of polygenic inheritance, controlled by many genes, and it is

affected by the environment as well as by genotype.

The offspring can inherit a mixture of alleles from both parents, so they may inherit

more of the alleles that increase height than either parent has.

A named environmental factor can also increase height, e.g. a diet higher in protein or

calcium, or better healthcare, than the parents had, so the parents may not have

reached their genetic potential.
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2 Red squirrels, Sciurus vulgaris, are native to the UK.  The grey squirrel, 
Sciurus carolinensis, has been introduced to the UK.

  

 Sciurus vulgaris Sciurus carolinensis

 (a) The two squirrels are classified as different species because they
(1)

  A are geographically isolated

  B cannot produce fertile offspring

  C have different coloured fur

  D occupy a different niche

 (b) The population of red squirrels on Brownsea Island is one of several protected 
populations in the UK.

  (i) These red squirrels are not classed as endemic to Brownsea Island because they
(1)

  A are also found in other locations 

  B are not at risk of extinction

  C are not in competition with grey squirrels

  D have a large population size

  (ii) The red squirrels on Brownsea Island are geographically isolated from other 
red squirrel populations on the UK mainland. 

   Over time, the Brownsea Island population of squirrels might develop into a new species. 

   Name the process that could lead to the Brownsea Island population of 
squirrels becoming a new species. 

(1)

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Natural selection, leading to (allopatric) speciation through reproductive isolation.
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 (c) The red squirrel population on Brownsea Island has been affected by a disease 
caused by a prokaryotic organism.  

  (i) Woese classified organisms into domains. 

   Which of the following contain prokaryotic organisms?
(1)

   A Archaea, Bacteria and Eukaryota

   B only Archaea

   C only Archaea and Bacteria

   D only Bacteria

  (ii) Scientists took blood samples from infected red squirrels and analysed them 
using an electron microscope.  

   Describe the features that could be used to identify the prokaryotic cells in 
the blood sample.

(4)

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

(Total for Question 2 = 8 marks)

Presence of a cell wall (made of peptidoglycan) around the cell.

Circular DNA free in the cytoplasm (no nucleus), and small loops of DNA called

plasmids.

Small (70S) ribosomes.

Pili and a flagellum on the outside of the cell.

A capsule (slime layer) outside the cell wall, and mesosomes.
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3 Plants have areas of undifferentiated cells called meristems.  Cells in these areas 
divide rapidly during plant growth.

 (a) Name this type of division.
(1)

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

 (b) The photograph shows a cell undergoing nuclear division, as seen using a 
light microscope.

A

Magnification ×800

  (i) Which stage of nuclear division is shown in cell A?
(1)

   A anaphase

   B metaphase

   C prophase

   D telophase

  (ii) The mean distance between the two sets of chromatids in the photograph of 
cell A is 1.5 cm.

   Calculate the actual distance in m.
(2)

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  m

Mitosis

1.5 cm = 15 mm = 15 × 1000 = 15 000 µm

actual = image ÷ magnification

= 15 000 ÷ 800 = 18.75 µm

18.75
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  (iii) Devise an investigation to study the effect of temperature on the rate of  
nuclear division in a plant meristem. 

(5)
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(Total for Question 3 = 9 marks)

Grow plants of the same species and age at a range of temperatures, e.g. 10, 20, 30

and 40 °C, in incubators.

Control the other growing conditions, such as light intensity, water, mineral ions and pH.

Cut the root tips (meristem tissue) from the same area of each plant, e.g. the terminal

5 mm of the root.

Prepare a root tip squash: put the tip in warm hydrochloric acid to macerate the tissue,

stain with toluidine blue (or acetic orcein), then squash under a cover slip.

View under a light microscope and count the number of cells with visible condensed

chromosomes (undergoing mitosis) and the total number of cells in the field of view.

Calculate the mitotic index = cells in mitosis ÷ total cells, and repeat for several fields

of view at each temperature.
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4 Seed banks are used to conserve plant species for future generations.  

 A study has shown that 28 187 species of plant have medical uses.  Of these species 
only 4478 have been cited in medical journals.

 (a) What percentage of the species with medical uses has been cited in medical 
journals, and is shown to three significant figures?

(1)

  A 15.9%

  B 16.0%

  C 0.159%

  D 0.160%

 (b) The global value of plant species used in herbal medicine has increased as shown 
in the graph.
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  Predict the value of global trade in herbal medicines by 2020.
(1)

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

100 billion US dollars
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 (c) Plant biodiversity in the Boyacá region of Colombia is amongst the highest in the 
world.  Many of these plants have potential medical uses. 

  Natural vegetation is being cleared to enable the rearing of cattle. 

  The Royal Botanic Gardens at Kew has begun a project to conserve plant species 
from Boyacá, Colombia. 

  Seed banks preserve seeds by drying them.  Predictions from initial research 
suggest that seeds from 80% of flora in Boyacá will survive the drying process.

  (i) Explain the advantages of drying seeds before storage.
(2)
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  (ii) Justify the benefits of conserving seeds from Boyacá.
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Drying extends the storage time of the seeds, so they remain viable for many years.

This is because drying prevents germination and decomposition of the seeds, as it

reduces enzyme activity and prevents the growth of bacteria and fungi.

It prevents species from becoming extinct as the natural vegetation is cleared for cattle.

It conserves species with potential medicinal properties, as many of these plants have

potential medical uses.

It safeguards genes (genetic diversity) that may prove useful in the future.

It allows the species to be reintroduced into the habitat in the future.
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 (d) Scientists measure biodiversity using both species richness and the 
heterozygosity index. 

  State what is meant by the following terms:
(2)

  species richness 
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(Total for Question 4 = 9 marks)

The number of different species in a habitat (area).

A measure of genetic diversity within a species (population): the proportion of

heterozygous individuals in a population.
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5 Bamboo plants produce fibres that have a high tensile strength. 

 The photograph shows part of a bamboo plant. 

 (a) Plant fibres contain cellulose in their cell walls.

  Explain how tensile strength is related to the arrangement of cellulose in plant fibres. 
(4)
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Many cellulose molecules (chains) are held together by many hydrogen bonds to form

microfibrils.

The microfibrils are arranged in a criss-cross pattern in layers, which provides strength

in different directions.

The microfibrils are embedded in a matrix of pectins and hemicellulose, which holds

them in place and prevents them from sliding over each other, giving high tensile

strength.
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 (b) The photograph shows a coffee cup made from bamboo fibres.  

section made from
bamboo fibres

  Explain why the use of bamboo fibres to make coffee cups is sustainable.
(2)
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 (c) The effect of mixing bamboo fibre with resin was investigated. 

  The tensile strength of fibres made from a mixture of resin and different masses of 
bamboo fibre was measured. 

  The results are shown in the graph. 
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Bamboo is a renewable resource, because more bamboo plants can be grown (it will

grow back after harvesting).

So the resource will be available to future generations.
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  Describe how the tensile strength of these fibres could have been measured.
(3)
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(Total for Question 5 = 9 marks)

Add 50 g, 75 g and 100 g of bamboo fibre to the same mass of resin to make the

fibres (0 g as a control).

Clamp one end of a fibre and hang masses on the other end (apply a force), adding

masses until the fibre breaks.

Calculate the tensile strength by dividing the force at breaking by the cross-sectional

area of the fibre.

Control variables such as the length and diameter of the fibre, the temperature and the

humidity, and repeat for each mass.
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6 Teratozoospermia is a condition that causes sperm cells to have an abnormal 
structure.  This condition reduces fertility.  

 The diagram shows an abnormal sperm cell with two flagella.

 (a) Explain why the production of these abnormal sperm cells may reduce fertility.
(3)
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The presence of two flagella would affect the motility of the sperm (its ability to propel

itself and swim in one direction).

This may prevent the sperm from reaching the egg (secondary oocyte) in the oviduct.

So it prevents fertilisation, reducing fertility.
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 (b) Methyl methanesulfonate (MMS) can be used as a cancer treatment.  One side effect 
associated with MMS is teratozoospermia.

  Three groups of rats were exposed to the following additives to their diet as 
shown in the table.

Group Additive to diet

Control distilled water

MMS methyl methanesulfonate

MMS+E methyl methanesulfonate followed by vitamin E

  The graphs show the results of the study of the sperm cells produced by these 
three groups of rats.
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  Deduce the effects of MMS on the production of sperm cells in rats.
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MMS reduces the number of sperm cells produced, from about 48 a.u. in the control to

about 24 a.u.

MMS increases the percentage of abnormal sperm cells, from about 17% to about 51%.

The greatest effect is on the percentage of sperm swimming normally, which falls from

about 76% to about 6%, so MMS is likely to affect the production of the flagella or

the mitochondria (in the mid-piece) of the sperm.
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  *(c) Discuss the potential use of vitamin E as a fertility treatment for people with 
teratozoospermia. 

(6)
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(Total for Question 6 = 12 marks)

The trial shows a positive effect of vitamin E: compared with MMS alone, MMS+E

reduced the percentage of abnormal sperm from about 51% to about 32% and increased

the percentage swimming normally from about 6% to about 79%, similar to the control

(76%).

Improved motility increases the probability that sperm will reach the egg, and the

increase in sperm count (from about 24 to 36 a.u.) increases the chance of fertilisation.

However, the sperm count and abnormalities did not return fully to control levels, and a

low number of sperm may not be the reason for infertility in these people.

The trial was carried out on rats, not humans, so the results may not be the same in

people; trials on humans would be needed.

The trial only involved teratozoospermia caused by MMS, so other causes of

teratozoospermia (e.g. genetic) may not respond to vitamin E.

stemup.co.uk

https://stemup.co.uk
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7 Sterile nutrient agar is a medium used for growing microbes. 

 (a) Describe how aseptic techniques are used when handling bacterial cultures.
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 (b) The diagram shows an agar plate after inoculation with a single bacterial culture.  
This plate was incubated at 25 °C.

  The aseptic technique was not successful.

 =  colony from original 
bacterial culture

  (i) Explain how the appearance of the plate shows that the aseptic technique 
was not successful.

(2)
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Work near a Bunsen burner, so the convection current carries microorganisms away from

the culture (or use a laminar flow cabinet).

Sterilise the work surface with disinfectant, and sterilise equipment with heat, e.g. flame

the inoculating loop and the necks of bottles.

Limit the time containers are open, e.g. only partially lift the lid of the Petri dish.

There are colonies present with a different shape, size and colour (the darker spots)

from the original colonies.

So they belong to different species: contaminants (other microorganisms) are present.
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  (ii) Explain why the agar plate was incubated at 25 °C.
(2)
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 (c) Extracts from four different plants were added on separate small paper discs to 
agar plates containing E. coli bacteria.

  After 48 hours, the zone of inhibition around each extract was measured.

Extract 
Mean diameter of zone 

of inhibition / mm
Range 

P 18.5 ± 1.07

Q 23.5 ± 0.97

R 22.2 ± 0.58

S 22.9 ± 1.28

  (i) Calculate the area of the largest zone of inhibition for extract S. 
(3)

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  mm2

To allow the bacteria to multiply (grow) at a suitable temperature.

Without encouraging the growth of pathogenic organisms, which grow best at around 37

°C (body temperature).

maximum diameter = 22.9 + 1.28 = 24.18 mm

r = 24.18 ÷ 2 = 12.09 mm,  r2 = 12.092 = 146.17

area = πr2 = π × 146.17

= 459.2 mm2

459.2
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Turn over     

  (ii) Comment on the antimicrobial properties of these four plant extracts.
(3)
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(Total for Question 7 = 13 marks)

All four extracts inhibit (prevent) the growth of the E. coli bacteria, as there is a zone

of inhibition around each.

Extract P is the least effective, with the smallest mean diameter (18.5 mm), and its

range does not overlap with the others.

Q has the largest mean diameter (23.5 mm), but there is no significant difference

between extracts Q, R and S because their ranges overlap.
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8 Muscular dystrophy is a group of disorders that gradually cause muscles to weaken.

 One type of muscular dystrophy, caused by a recessive allele, affects 10 people in 
100 000 of the population. 

 (a) Calculate the number of carriers in a population of 17.02 million.  

  Use the Hardy-Weinberg equation, p2 + 2pq + q2 = 1
(3)

Answer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

 (b) Duchenne muscular dystrophy (DMD) is a sex-linked disorder. 

  (i) Explain what is meant by the term sex-linked disorder.
(2)
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  (ii) Explain why the genotype frequency for males with DMD cannot be 
calculated using this Hardy-Weinberg equation.

(2)

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

A disorder caused by a mutated (faulty) allele of a gene located on a sex chromosome

(the X chromosome).

Therefore the disorder is more likely in one gender (males) than the other.

Males only have one X chromosome, so they only have one allele for this gene and

cannot be heterozygous (carriers).

The Hardy-Weinberg equation assumes all individuals have two alleles for the gene, so

2pq cannot be calculated for males.

q2 = 10 ÷ 100 000 = 0.0001,  q = √0.0001 = 0.01

p = 1 − 0.01 = 0.99

2pq = 2 × 0.99 × 0.01 = 0.0198

0.0198 × 17 020 000 = 336 996

336 996 carriers
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  (iii) Dystrophin is a protein needed to maintain the structure of muscle cells. 
In DMD the affected allele prevents the production of this protein, leading 
to symptoms that include a progressive effect on muscle tissue. 

   Stem cells are a potential treatment for DMD.

   Explain why stem cells from a healthy donor may provide a treatment for this disorder.
(3)
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 (c) As pluripotent stem cells divide, epigenetic changes are passed on.

  Explain how epigenetic changes affect the activation of genes in daughter cells.
(3)
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(Total for Question 8 = 13 marks)

TOTAL FOR PAPER = 80 MARKS

Stem cells can divide and differentiate (specialise) into muscle cells.

These cells will not have the affected allele; they have the normal allele for dystrophin,

so the protein dystrophin will be produced.

Epigenetic changes activate or deactivate genes (switch them on or off) in the stem

cells without changing the base sequence.

This is because of methylation of DNA, or modification of histones (e.g. acetylation),

which changes how tightly DNA is wound around the histones, so transcription is

prevented or allowed.

These epigenetic marks are copied when the cell divides, so the same genes will be

activated in the daughter cells.
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BLANK PAGE

Every effort has been made to contact copyright holders to obtain their permission for the use of copyright material.  
Pearson Education Ltd.  will, if notified, be happy to rectify any errors or omissions and include any such rectifications in 
future editions.
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