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  

Answer ALL questions.

Write your answers in the spaces provided.

1	 Glucose is a monosaccharide.

	 (a)	 Complete the diagram to show the structure of beta‑glucose.
(1)

H

HO
HOH

H

CH2OH

OHH

O

	 (b)	 Glucose molecules can be joined to form the polysaccharides starch and cellulose.

		  Give three differences between the structures of starch and cellulose.
(3)

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

Cellulose is made of beta glucose monomers, but starch is made of alpha glucose

monomers.

Cellulose contains unbranched (straight) chains, but starch contains branched chains

(amylopectin) as well as coiled amylose.

Cellulose only has 1,4 glycosidic bonds, but starch has 1,4 and 1,6 glycosidic bonds.

In cellulose alternate glucose molecules are inverted (flipped), but in starch the glucose

molecules are all in the same orientation.

OH

H
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	 (c)	 Explain how the properties of starch make it suitable as an energy store in cells.
(2)
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. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

(Total for Question 1 = 6 marks)

Starch is insoluble, so it does not affect the water potential of the cell (no osmotic

effect) and cannot leave the cell.

It is compact (coiled), so a lot can be stored in a small space. Amylopectin is

branched, with many ends, so it can be hydrolysed quickly to release glucose.
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2	 Insects, such as locusts, can be dissected to show their gas exchange system.

	 (a)	 (i)	 The diagram shows a dead locust.

			   Draw a line on this locust to show where you would cut through the 
exoskeleton to expose the gas exchange system.

(1)

		  (ii)	 State why you would cover the dissected locust with water.
(1)

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

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

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

So that the gas exchange system (the tracheae and air sacs) is clearly visible, and to

stop it drying out.
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	 (b)	 The photograph shows part of the dissected gas exchange system, as seen using 
a microscope.

X

A

B

(Source: © blickwinkel/Alamy Stock Photo)

		  (i)	 Name the structures labelled A and B.
(2)

A .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

B . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

		  (ii)	 Name the structure that supplies oxygen directly to the muscle tissue.
(1)

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

		  (iii)	 At the point labelled A, the structure is 0.9 mm in diameter.

			   Calculate the diameter of the structure at the point labelled X.

			   Give your answer to two decimal places.
(2)

Answer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  mm

(Total for Question 2 = 7 marks)

Trachea

Spiracle

Tracheoles

diameter of A on photo = 5 mm,  diameter of X on photo = 1 mm

actual diameter of X = 1 × (0.9 ÷ 5) = 0.18 mm

0.18
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  

3	 In genetic modification, DNA from one species is joined to DNA from another species, 
to form recombinant DNA.

	 This recombinant DNA is inserted into the host organism using a vector.

	 The diagram shows a simplified sequence of events in the formation of 
herbicide‑resistant, genetically modified (GM) soya beans.

	 Herbicides are chemicals that kill plants. They can be used to kill unwanted plants, 
such as weeds.

	 Step A � Plasmids are extracted from A. tumefaciens bacteria

	 Step B � Plasmids are cut using an enzyme

	 Step C � The gene for herbicide-resistance is inserted into the plasmids.

	 Step D � Plasmids are returned to A. tumefaciens bacteria

	 Step E � A soya bean plant is infected with the modified A. tumefaciens bacteria

	 Step F � Herbicide‑resistant soya bean plants are cloned from the infected plant.

	 (a)	 (i)	 Name the enzyme used in Step C.
(1)

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

		  (ii)	 Name the vector in this process.
(1)

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

DNA ligase

The bacterium A. tumefaciens (carrying the plasmid)
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	 (b)	 Explain why it is possible to clone many herbicide‑resistant plants from 
one infected plant in Step F.

(2)

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

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

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

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

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

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

	 (c)	 Explain how herbicide resistance would improve the yield of GM soya bean plants 
compared to non‑GM soya bean plants.

(3)

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

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

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

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

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

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

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

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

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

(Total for Question 3 = 7 marks)

Plant cells are totipotent and every cell of the infected plant contains the gene for

herbicide resistance (recombinant DNA).

The cells divide by mitosis to produce genetically identical cells, so many

herbicide-resistant plants can be grown from one or a few cells.

In the GM crop the herbicide can be sprayed to kill the weeds without killing the soya

bean plants (in non-GM soya the herbicide would kill the crop too).

So there is less competition from weeds for light and water (and for minerals such as

nitrate).

So the soya plants get more light and water for photosynthesis, and more nitrates for

making amino acids and proteins, so they grow more and the yield is higher.
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  

4	 When cereal grains germinate, stored starch is broken down by amylase.

	 (a)	 A student investigated the effect of gibberellin concentration on the production 
of amylase in cereal grains.

		  This method was used:

		  Step 1� � Dilute a stock solution of gibberellin to give five different concentrations.

		  Step 2 � Cut the cereal grains in half and discard the half containing the embryo.

		  Step 3 � Soak the remaining halves of the grains in sodium hypochlorite solution 
for five minutes.

		  Step 4 � Soak one grain in each of the gibberellin solutions for 24 hours.

		  (i)	 The stock solution of gibberellin has a concentration of 1 g per dm3.

			   Describe how you would dilute this stock solution to give a test solution of 
300 µg per dm3.

(2)

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

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

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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1 g per dm3 = 1 000 000 µg per dm3, so a 1 in 1000 dilution then a 3 in 10

dilution is needed.

Add 1 cm3 of stock to 999 cm3 of distilled water (1000 µg per dm3). Then mix 3

cm3 of this with 7 cm3 of distilled water to give 300 µg per dm3.

The embryo produces (contains) gibberellin, so it is discarded so that only the added

gibberellin affects amylase production by the endosperm half.

To sterilise the grain and kill bacteria and fungi on its surface, as these microbes may

produce amylase.
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	 (b)	 The student completed the investigation using the following steps:

•	 the grains soaked in gibberellin solution were transferred to starch agar plates 
using forceps

•	 after 12 hours the surface of each plate was covered with iodine in potassium 
iodide solution, which was then poured away

•	 the diameter of the clear zone around each grain was measured.

		  (i)	 Describe how you would control one named abiotic variable and one named 
biotic variable.

(2)
			   Abiotic
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Temperature: keep all the starch agar plates in an incubator at the same temperature,

e.g. 25 °C (or control pH by adding the same buffer to the agar).

Use grains of the same species and variety (from the same packet) and of the same

mass, measured on a balance, for each concentration.
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		  (ii)	 Describe three further improvements to the method outlined in 
parts (a) and (b) that would improve the validity of the results.

(3)
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(Total for Question 4 = 9 marks)

Rinse the grains in (sterile) water after soaking them in the sodium hypochlorite, so

that no hypochlorite affects the enzyme or the results.

Use more than one grain (e.g. 5) for each gibberellin concentration so that a mean

diameter can be calculated.

Include a control with 0% gibberellin (distilled water only).

Use aseptic technique, e.g. sterile forceps and agar plates, so that no microbes

producing amylase contaminate the plates.

Measure the diameter of each clear zone several times at different angles (or measure

the area), as the clear zone may not be circular.
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5	 (a)	 Bacteria are prokaryotes.

		  (i)	 Give two differences between the structures of a prokaryotic cell and a 
eukaryotic cell.

(2)
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		  (ii)	 Gram staining is often used to help identify bacteria.

			   A sample of bacteria from an infected person was tested by using 
Gram staining.

			   The bacteria stained red.

			   Explain why the bacteria stained red and why this information is useful for 
treating the infected person.

. (3)
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Prokaryotes do not have a nucleus (DNA is free in the cytoplasm as a nucleoid), but

eukaryotes do have a nucleus.

Prokaryotes have no membrane-bound organelles such as mitochondria, but eukaryotes

do. Prokaryotes have 70S ribosomes but eukaryotes have 80S ribosomes.

The bacteria are Gram negative: their cell wall has a thin peptidoglycan layer with an

outer membrane (lipopolysaccharide layer).

So they do not retain the crystal violet (blue) stain after washing with alcohol, but

pick up the red counterstain (safranin).

This is useful as it helps to determine which antibiotics will be most effective, as the

outer membrane is a barrier to some antibiotics (e.g. penicillin).
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  

	 (b)	 (i)	 Describe the method used to isolate individual species from a mixed culture 
of bacteria in nutrient broth.

(4)
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		  (ii)	 Explain three precautions that would be taken to reduce the growth of 
pathogenic bacteria.
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(Total for Question 5 = 12 marks)

Use a sterile inoculating loop (flamed wire loop) to transfer a drop of the nutrient

broth onto a sterile nutrient agar plate.

Streak plate: streak the loop across one section of the plate, flame the loop, then

streak from the end of the first streaks into a new section, and repeat, so the

bacteria are spread out into individual cells.

Incubate the plate at 25 °C for 24 to 48 hours so that separate colonies grow, each

from a single cell.

Identify colonies of different species by their colour and shape, then transfer one

colony of each type to a separate agar plate with a sterile loop.

Use aseptic technique, e.g. flame the inoculating loop and the neck of the bottle to kill

bacteria, and work near a lit Bunsen so the updraft carries bacteria away from the

plate.

Incubate at 25 °C (below 30 °C), as this is below the optimum temperature for

pathogens, which grow best at 37 °C.

Tape the lid with two strips of tape, not sealed all the way round, to allow air to

enter and prevent the growth of anaerobic pathogens.
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6	 Water potential determines the direction of movement of water in and out of cells.

	 (a)	 The diagram shows a plant cell.

		  The turgor pressure (P) of the cell is 400 kPa and the osmotic potential (π) 
is –500 kPa.

		  (i)	 Calculate the water potential (ψ) of this cell.
(1)

		  Answer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  kPa

		  (ii)	 Explain the direction of net movement of water for this plant cell when it is 
placed in a sucrose solution with a water potential (ψ) of –400 kPa.
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Water moves out of the cell by osmosis.

This is because water moves from a higher water potential (−100 kPa in the cell) to a

lower water potential (−400 kPa in the solution), down the water potential gradient.

ψ = P + π = 400 + (−500)

−100
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14

  

	 (b)	 A student carried out an investigation to determine the water potential of cells 
from a potato tuber, using a range of concentrations of sucrose solutions.

		  Cylinders of potato were cut using a cork borer, and the cylinders were then cut 
into discs.

		  The mass of each disc was recorded. One disc was placed in each sucrose solution 
and left for 12 hours. Each disc was then reweighed.

		  The table shows the data collected.

Concentration of sucrose solution 
/ mol dm‑3 0.0 0.1 0.2 0.3 0.4 0.5

Percentage change in mass of 
potato disc +14.2 +1.9 –9.8 –22.7 –31.9 –37.1

		  (i)	 Plot a suitable graph of these results.

			   Join the points with straight lines.
(3)
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Concentration of sucrose solution / mol dm-3
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		  (ii)	 Determine the concentration of sucrose solution that causes no change in 
mass, using your graph.

(1)

Answer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  mol dm–3

		  (iii)	 Evaluate whether the method used in this investigation would provide valid 
results for the water potential of potato cells.

(5)

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

(Total for Question 6 = 12 marks)

Strengths: the cork borer gives cylinders of equal diameter, and cutting them into discs

increases the surface area for osmosis. All the discs came from the same tuber, 12

hours is long enough for osmosis to reach equilibrium, and the range of concentrations

gave both positive and negative changes in mass.

Weaknesses: the discs may not be the same thickness, so they should be cut to the

same width. Only one disc was used in each solution, so repeats are needed to

calculate a mean. The discs should be blotted dry before reweighing, the discs must be

fully submerged in an equal volume of solution, and the temperature should be

controlled.

More concentrations between 0.1 and 0.2 mol dm-3 should be tested near the

intercept, and a conversion table is needed to convert the sucrose concentration into a

water potential. So the method gives only an approximate value for the water potential.

0.12
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7	 The photograph shows hedge woundwort (Stachys sylvatica).

(Source: © imageBROKER/Alamy Stock Photo)

	 This plant grows on the edge of woodlands and can be up to one metre in height.

	 A student investigated whether light intensity had an effect on the leaf area of 
hedge woundwort.

	 The student measured the area of 20 leaves from plants growing in full sun and 
20 leaves from plants growing in shady conditions.

	 (a)	 (i)	 Give a suitable null hypothesis for this investigation.
(1)
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. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

There is no difference in the mean area of leaves from hedge woundwort plants growing

in sun and in shade.
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		  (ii)	 Devise a valid fieldwork method that the student could use to compare the 
leaf areas of the plants growing in full sunlight with the leaf areas of the plants 
growing in shady areas.

(4)
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Choose plants of hedge woundwort (Stachys sylvatica) at random, e.g. using random

number coordinates on a grid, in an area of full sun and in a shady area, measuring

light intensity with a light meter.

Use the same leaf on each plant, e.g. the lowest fully expanded leaf, and take one leaf

from each of 20 plants in each area.

Measure each leaf area by drawing round the leaf on 1 cm2 squared paper and

counting the squares (counting squares more than half covered).

Control other factors, e.g. same soil type, pH and water content, same aspect and

slope, and collect all leaves on the same day.
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  

	 (b)	 The student plotted histograms to display the data collected.
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		  (i)	 The mean leaf area for leaves from plants in full sun is 27.55 cm2 with a 
standard deviation of 9.62 cm2.

			   The mean leaf area for leaves from plants in shady conditions is 55.50 cm2 with 
a standard deviation of 13.40 cm2.

			   Two standard deviations on either side of the mean will include 95% of 
the leaves.

			   Determine the size range that would include 95% of leaves from plants in full 
sun, using the standard deviation value.

(2)

Answer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  cm2

2 SD = 2 × 9.62 = 19.24 cm2

27.55 − 19.24 = 8.31     27.55 + 19.24 = 46.79

8.31 to 46.79
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  

		  (ii)	 The student analysed the data using a t‑test.

			   Calculate the value of t.

			   Use the formula

t �
�

�

( )

( ) ( )

x x

S
n

S
nA B

A B

A B
2 2

			   where:

			   x– is the mean for each set of data

			   n is the number of samples in each set of data	

			   S is the standard deviation for each set of data
(3)

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

mean (shade) − mean (sun) = 55.50 − 27.55 = 27.95

9.622 ÷ 20 = 4.627     13.402 ÷ 20 = 8.978

√(4.627 + 8.978) = √13.61 = 3.689

t = 27.95 ÷ 3.689 = 7.58

7.58
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  

		  (iii)	 The table shows the critical values of t for different degrees of freedom.

Degrees of freedom p = 0.10 p = 0.05 p = 0.01

20 1.73 2.09 2.85

21 1.72 2.08 2.83

22 1.72 2.07 2.82

23 1.71 2.07 2.81

24 1.71 2.06 2.80

25 1.71 2.06 2.79

26 1.71 2.06 2.78

27 1.70 2.05 2.77

28 1.70 2.05 2.76

29 1.70 2.05 2.76

30 1.70 2.04 2.75

31 1.70 2.04 2.74

32 1.69 2.04 2.74

33 1.69 2.03 2.73

34 1.69 2.03 2.73

35 1.69 2.03 2.72

36 1.69 2.03 2.72

37 1.69 2.03 2.72

38 1.69 2.02 2.71

39 1.69 2.02 2.71

40 1.68 2.02 2.70
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			   Comment on the results of this investigation.

			   Use the information in the table to support your answer.
(3)
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(Total for Question 7 = 13 marks)

There are 20 + 20 − 2 = 38 degrees of freedom, so the critical value at p = 0.05 is

2.02 (2.71 at p = 0.01).

The calculated t value of 7.58 is greater than the critical value of 2.02 (and also

2.71), so the null hypothesis is rejected.

There is a significant difference between the leaf areas of plants in sun and shade:

leaves of shade plants have a significantly bigger area. There is less than a 0.05 (in

fact less than 0.01) probability that the difference is due to chance.
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  

8	 Haemoglobin transports oxygen around the human body.

	 (a)	 (i)	 Explain how the structure of haemoglobin enables it to combine with oxygen 
in the blood vessels of the lungs.

(3)

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

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

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

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

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

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

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

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

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

Haemoglobin has four polypeptide chains (two alpha and two beta), each with a haem

group containing Fe2+, so it can pick up four molecules of oxygen.

The haem groups bind reversibly with oxygen at the high partial pressure of oxygen in

the lungs.

Co-operative binding occurs: after the first oxygen molecule binds, the 3D shape of the

molecule changes, so the other oxygen molecules are picked up more easily.
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		  (ii)	 The partial pressure of carbon dioxide affects how readily haemoglobin picks 
up and releases oxygen.

			   The graph shows an oxygen dissociation curve for haemoglobin in blood in 
the lungs.

100

80

60

40

20

0

Percentage 
saturation of 
haemoglobin 
with 
oxygen (%)

Partial pressure of oxygen / kPa
0 2 4 6 8 10 12

			   The oxygen dissociation curve for haemoglobin in blood in the tissues of 
respiring muscle is different.

			   Sketch this curve onto the axes.
. (1)
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		  (iii)	 Explain the advantage of this change in the position of the oxygen 
dissociation curve.

(2)
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	 (b)	 Beta thalassaemia is an inherited condition affecting the gene for beta‑globin 
(HBB gene).

		  People with beta thalassaemia have less or no beta‑globin.

		  The most common form is a recessive condition caused by a mutation in the 
HBB gene.

		  (i)	 State the probability that two parents who are heterozygous for this condition 
would have a child who has beta thalassaemia.
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		  (ii)	 Explain why a person who is heterozygous does not show the symptoms of 
beta thalassaemia.
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Oxygen is released from haemoglobin more readily at the respiring muscle tissues.

This is because the partial pressure of carbon dioxide is higher in respiring tissues,

which reduces the affinity of haemoglobin for oxygen (the Bohr shift), so more oxygen

is supplied for aerobic respiration.

0.25

A heterozygous person has one dominant (non-mutated) copy of the HBB allele.

So functional beta-globin can still be made, enough for normal haemoglobin.
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	 (c)	 Overall, the proportion of people with beta thalassaemia is 30 in 1000.

		  In some parts of the world it is much higher.

		  In one Mediterranean island, 280 in 1000 people have beta thalassaemia.

		  (i)	 Calculate the probability that a person on this island is heterozygous for 
beta thalassaemia.	

			   Use the Hardy–Weinberg equation

p2 + 2pq + q2 = 1

			   Give your answer to two significant figures.
(3)

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

		  (ii)	 Give two reasons why this value may not be accurate.
(2)
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(Total for Question 8 = 14 marks)

Migration may occur, so the island population may not be isolated.

Mating may not be random, and there may be selection (heterozygote advantage) or

the population may be small.

q2 = 280 ÷ 1000 = 0.28

q = √0.28 = 0.529

p = 1 − 0.529 = 0.471

2pq = 2 × 0.471 × 0.529 = 0.498

0.50
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  

9	 Coronary heart disease is a major cause of death in Europe.

	 (a)	 Explain how atherosclerosis can cause coronary heart disease and can lead 
to death.
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Atheroma (plaque) forms in the wall of a coronary artery and a blood clot may form

on it.

This causes narrowing or blockage of the coronary artery, which reduces the blood

supply to the heart muscle, so less oxygen and glucose reach the cardiac muscle cells.

So the cardiac muscle cells die (myocardial infarction, a heart attack). If enough

cardiac muscle dies the heart stops contracting and pumping blood, so oxygen is not

supplied to the brain cells, causing death.
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	 *(b)	 The table shows the change in the number of deaths from coronary heart disease 
in males and females in some European countries, and the whole of Europe, 
between 1990 and 2019.

Country or region
Number of deaths per 100 000 of population Percentage change 

from 1990 to 2019 (%)1990 2019

Albania 389 314 –19

Bulgaria 701 541 –23

France 196 91 –53

Montenegro 418 436 +4

Republic of Ireland 357 133 –63

UK 314 132 –58

Europe (all countries) 393 242 –38

		  The graph shows the number of deaths of males, per 100 000, from coronary 
heart disease in the UK from 1979 to 2013.
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  

		  It has been suggested that the change in deaths from coronary heart disease in 
the UK is due to improved lifestyle choices, and that coronary heart disease could 
be reduced to almost zero in the UK if people made better choices.

		  Discuss the validity of this suggestion.

		  Use the data and your own knowledge to support your answer.
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The data support the idea that deaths from CHD in the UK have fallen. In the table

UK deaths fell from 314 to 132 per 100 000, a 58% decrease, which is larger than

the 38% decrease for Europe as a whole. The graph shows UK male deaths falling

steadily from about 445 per 100 000 in 1979 to about 125 in 2013, a fall of about

72%.

Improved lifestyle choices could explain this. More exercise reduces the risk, as does a

diet with more fruit and vegetables (antioxidants). Less saturated fat, cholesterol and

salt in the diet lowers blood cholesterol and blood pressure, so fewer atheromas form.

Less smoking reduces damage to the artery lining and so reduces atherosclerosis, and

less alcohol and a lower risk of obesity (high BMI) also reduce risk.

However, the data do not show that lifestyle choices have changed, so the link is only

a correlation. Lifestyle changes may not be the only reason for the decrease: improved

medical treatment, such as statins, drugs for high blood pressure, stents and bypass

surgery, would reduce deaths without reducing the number of people with CHD. The

data only show deaths from CHD, not the incidence of CHD.

The decline is gradual, not caused by a single event. The table only gives values for

1990 and 2019, and there is no information about the ages of people. Countries with

poorer lifestyles or health care may not have fallen as much, e.g. Montenegro increased

by 4% and Bulgaria still has 541 per 100 000.

CHD could not be reduced to almost zero by lifestyle choices alone. Risk increases with

age, and older people are more likely to have atherosclerosis; males are more at risk

than females, and risk differs with ethnicity. Some people have a genetic predisposition
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(Total for Question 9 = 13 marks)

to high blood pressure, high cholesterol or diabetes, where high blood sugar damages

the lining of blood vessels, so CHD would still occur.

The UK graph is also levelling off (plateauing) after about 2009 at about 125 per 100

000, suggesting deaths will not reach zero. The table includes males and females but

the graph is males only, although both show the same pattern.

So the suggestion is only partly valid: lifestyle improvements probably contributed to

the fall in CHD deaths, but there is no direct evidence for this, other factors such as

treatment are likely to be involved, and age, sex and genetic factors mean that CHD in

the UK cannot be reduced to almost zero.

stemup.co.uk

https://stemup.co.uk


*P71911A03240*

D
O

 N
O

T W
RITE IN

 TH
IS A

REA
 		

D
O

 N
O

T W
RITE IN

 TH
IS A

REA
						





D

O
 N

O
T W

RITE IN
 TH

IS A
REA D

O
 N

O
T 

W
RI

TE
 IN

 T
H

IS
 A

RE
A

 		
D

O
 N

O
T 

W
RI

TE
 IN

 T
H

IS
 A

RE
A

						





D
O

 N
O

T 
W

RI
TE

 IN
 T

H
IS

 A
RE

A

32

  

10	 Five groups of students used respirometers to investigate the rate of aerobic 
respiration by maggots.

	 The diagram shows the type of respirometer used.

capillary tube containing 
coloured liquid

scale

syringe

3-way tap

maggots

potassium hydroxide 
solution

beaker of water 
at 15 °C

	 Maggots were placed in the boiling tube and the 3‑way tap was closed.

	 The distance the coloured liquid had moved was measured after 15 minutes.

	 The rate of oxygen uptake was calculated.

	 The table shows the results obtained.

Group number 1 2 3 4 5

Rate of oxygen uptake / mm3 min–1 g–1 0.14 0.16 0.13 0.12 0.14
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	 (a)	 The rate of aerobic respiration was determined as the oxygen uptake calculated 
in mm3 per minute per gram.

		  State the two additional measurements that you would make to calculate the rate 
using these units.

(2)
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	 (b)	 Justify two improvements that would ensure the validity of this investigation.
(2)
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	 (c)	 (i)	 For enzyme‑controlled reactions, a 10°C rise in temperature will double the 
rate of reaction.

			   Predict the mean rate of oxygen uptake if the water bath had been set at 5°C.
(1)

Answer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  mm3 min–1 g–1

The mass of the maggots (in grams).

The radius (diameter) of the capillary tube, to calculate the volume of oxygen taken up

from the distance moved (πr2 × distance).

Use a thermostatically controlled water bath so the temperature does not change, as

temperature affects the rate of respiration.

Use a control tube without maggots (with glass beads) to account for changes in

temperature and pressure, and use maggots of the same species and age.

mean at 15 °C = 0.69 ÷ 5 = 0.138

at 5 °C rate halves: 0.138 ÷ 2 = 0.069

0.069
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  

		  (ii)	 Explain why decreasing the temperature affects the rate of respiration 
of maggots.

(2)

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

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

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

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

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

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

	 (d)	 Describe the role of oxygen in the formation of ATP during aerobic respiration.
(3)

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

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

(Total for Question 10 = 10 marks)

At a lower temperature the enzymes and substrates have less kinetic energy.

So collisions between enzymes and substrates are less frequent, fewer enzyme-substrate

complexes form per unit time, and the rate of respiration falls.

Oxygen is the final (terminal) electron acceptor (and hydrogen acceptor), forming

water, which allows electrons to pass down the electron transport chain.

This allows NAD and FAD to be regenerated. The energy from the electrons pumps

protons, which move back through ATP synthase (stalked particles), driving ATP

synthesis.
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11	 Citizen science involves members of the public collecting scientific data.

	 In 2019 and 2020, a citizen science project was carried out in the UK to investigate 
the numbers of flowers of wild plant species found in lawns.

	 Volunteers across the UK were asked to survey their own lawns to find out which wild 
flowering plants were growing there.

	 Participants were asked to mark out a one metre‑squared area on their lawn, chosen 
at random, and count the number of flowers of each species within this area.

	 In 2020, the data were recorded from over 9 000 one metre‑squared areas.

	 The table shows data for the five most commonly recorded wild plant species in 2020.

Wild plant species Total number of flowers 
recorded in 2020

Percentage change 
from 2019 (%)

Daisy 208 589 –40

White clover 101 117 +16

Selfheal 73 344 –11

Creeping buttercup 56 719 +48

Bird’s‑foot trefoil 30 646 –32

	 (a)	 Scientists who analysed the data suggested that the unusually warm weather 
in Spring 2020 might be responsible for the change in the numbers of flowers 
recorded in 2020 compared to 2019.

		  (i)	 Name one factor, other than temperature, that could cause the change in the 
numbers of flowers of these five species.

(1)

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .Rainfall (the availability of soil water).
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  

		  (ii)	 The scientists concluded that for all species recorded, the number of flowers 
of wild plants in lawns decreased 19% in 2020 compared to 2019.

			   Evaluate the method of data collection in this survey.
(5)

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

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

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

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

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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Strengths: a very large amount of data was collected (over 9 000 areas), the method is

simple so it is easy to follow, and counting flowers is easier than counting plants. The

areas were chosen at random, so there is no bias.

Weaknesses: volunteers may not mark out exactly one m2, and one m2 is a small area.

The area may not really be chosen at random, and not all parts of the UK may be

covered. Volunteers may identify plants and flowers incorrectly, or count flowers

incorrectly.

We are not told the area surveyed in 2019, so different areas or gardens may have

been surveyed in the two years, and the time of year of the survey may vary, so the

19% decrease may not be reliable.
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	 (b)	 The table shows the total data collected in one quadrat placed on a lawn.

Wild plant species Total number of flowers recorded

Daisy 11

Dandelion 8

Cat’s‑ear 14

Selfheal 2

		  (i)	 Calculate the biodiversity index (D) for the quadrat, using the data in the table.

			   Use the formula

Σ
N(N 1)

D
n(n 1)

�
�

�
(3)

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

		  (ii)	 Describe two improvements which should be made to the method to give a 
more accurate measure of the biodiversity index for this quadrat.

(2)
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Record (count) all the species of plants in the quadrat, including grasses and plants

not in flower.

Count the number of plants of each species rather than the number of flowers.

N = 11 + 8 + 14 + 2 = 35,   N(N − 1) = 35 × 34 = 1190

Σn(n − 1) = 110 + 56 + 182 + 2 = 350

D = 1190 ÷ 350 = 3.4

3.4
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38

  

	 (c)	 (i)	 Bees feed on nectar in flowers.

			   The mean mass of nectar sugar produced per square metre of lawn was 
calculated for 2019 and 2020.

			   Scientists then calculated the mean number of bees per square metre that 
could be supported by the nectar.

			   The table shows the data.

2019 2020

Mean mass of nectar 
sugar / mg m–2

Mean number of bees 
supported per m2

Mean mass of nectar 
sugar / mg m–2

Mean number of bees 
supported per m2

41 912 3.8 38 885

			   Calculate the mean number of bees supported per square metre of lawn 
in 2020.

(2)

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

41 912 ÷ 3.8 = 11 029 mg of nectar sugar per bee

38 885 ÷ 11 029 = 3.5 bees per m2

3.5
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		  (ii)	 Bees are important pollinators of a variety of plants.

			   Explain the possible short‑term and long‑term consequences of the decline in 
flowers of wild plant species in lawns in 2020.

(4)
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(Total for Question 11 = 17 marks)

TOTAL FOR PAPER = 120 MARKS

Short term: there is less nectar, so the bee population will decrease due to lack of

food; the data suggest the number of bees supported falls by about 7.9%.

Short term: fewer bees means reduced pollination of wildflower plants, so less seed is

produced, and reduced pollination of crop plants such as apples, so crop yield decreases.

Long term: the population of wildflower plants declines in future years (with reduced

genetic diversity), which leads to a further decline in bee populations.

Long term: predators that feed on bees and other pollinators, such as birds, will also

decline.
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