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1/1/1/1/

Instructions

•	Use black ink or ball-point pen.
•	Fill in the boxes at the top of this page with your name,  

centre number and candidate number.
•	Answer all questions.
•	Show your working in any calculation questions and include units in your answer 

where appropriate.
•	Answer the questions in the spaces provided  

– there may be more space than you need.

Information

•	The total mark for this paper is 80. 
•	The marks for each question are shown in brackets 

– use this as a guide as to how much time to spend on each question.
•	You may use a scientific calculator. 
•	In questions marked with an asterisk (*), marks will be awarded for your ability to 

structure your answer logically, showing how the points that you make are related or 
follow on from each other where appropriate.

Advice

•	Read each question carefully before you start to answer it.
•	Try to answer every question.
•	Check your answers if you have time at the end.
•	Good luck with your examination.
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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	 An electron microscope can be used to identify organelles in eukaryotic cells.

	 (a)	 The photograph shows part of a eukaryotic cell.

		  (i)	 Label the nucleolus on the photograph.
(1)

(Source: AL1379899 – Jose Luis Calvo / Shutterstock / PAL)

		  (ii)	 The nucleolus is not found in prokaryotic cells because they
(1)

	 A	 do not contain DNA

	 B	 do not have a nucleus

	 C	 only contain RNA

	 D	 only contain single‑stranded DNA

		  (iii)	Explain why the nucleus cannot be observed at the end of prophase in a 
eukaryotic cell.

(2)

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

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

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

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

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

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

Because the nuclear membrane (nuclear envelope) has broken down by the end of

prophase.

Also the DNA has coiled and condensed into individual chromosomes, so there is no

visible nucleus.

nucleolus

stemup.co.uk

https://stemup.co.uk


*P67148A0328* Turn over     

3

	

	

	 (b)	 Some plants use asexual reproduction to produce offspring.

		  The graph shows how the mass of DNA changes in dividing cells.

0
Time / hours

M
as

s 
of

 D
N

A
 p

er
 c

el
l

12 24 36 48

		  (i)	 Mitosis is occurring between
(1)

	 A	 0 and 12 hours

	 B	 12 and 16 hours

	 C	 16 and 20 hours

	 D	 24 and 36 hours

		  (ii)	 Explain why DNA is replicated before mitosis begins.
(2)

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

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

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

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

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

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

So that each daughter cell receives one copy of each chromosome, i.e. the diploid

number of chromosomes.

This ensures that the daughter cells are genetically identical to each other and to the

parent cell.
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		  (iii)	Explain how large numbers of cells with the same phenotype can be 
produced in a tissue.

(2)

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

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

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

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

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

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

(Total for Question 1 = 9 marks)

Phenotype is determined by the genotype and the effect of the environment.

Mitosis produces cells with the same genotype (genetically identical cells), so in the

same environment they have the same phenotype.
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2	 Plant‑based products provide a sustainable alternative to oil‑based plastics.

	 In a single year, over 7600 million single‑use plastic bags were given to customers by 
supermarkets in England.

	 The mean mass of each bag was 5.5 g.

	 (a)	 Calculate the total mass in kilograms of plastic bags given out to customers.

		  Give your answer in standard form.
(2)

Answer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  kg

	 (b)	 A sustainable alternative is a plastic material that contains more than 
30% plant‑based polymers.

		  Potato starch is a source of these polymers.

		  (i)	 Describe the structure of starch.
(3)

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

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

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

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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Starch is a polysaccharide made from alpha glucose monomers.

The monomers in the chains are joined by 1,4 glycosidic links (bonds).

Starch contains unbranched chains (amylose), which coil into a helix, and branched

chains (amylopectin).

In amylopectin the branches are joined to the chains by 1,6 glycosidic links.

7600 million = 7.6 × 109 bags,   5.5 g = 0.0055 kg

(7.6 × 109) × 0.0055 = 41 800 000 kg

4.18 × 107
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		  (ii)	 Explain why this plastic material is only partially sustainable.
(2)
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	 (c)	 The tensile strength of plant fibres can be tested using different methods.

		  One method is to attach both ends of a fibre to clamps horizontally and hang 
increasing numbers of masses until the fibre breaks.

		  A second method is to attach one end of a fibre to a clamp and the other to a 
forcemeter, pulling on the forcemeter until the fibre breaks.

		  Explain which method will give more accurate results.
(2)
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(Total for Question 2 = 9 marks)

Because the starch comes from plants (potatoes) that can be regrown, so this part is

renewable.

However, the material is not 100% starch: up to 70% of it is still made from oil-based

products, which are not sustainable.

The second method will be more accurate, because the exact value of the force at

which the fibre breaks is shown on the forcemeter.

The first method is less accurate because the true value lies somewhere between two

masses (the masses go up in steps).
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3	 William Withering tested his digitalis ‘soup’ by an early form of drug testing.

	 Withering reported that his first patient found that the digitalis

	 “made him very sick, the sickness recurring at intervals for several days.”

	 Modern drug testing protocols include four stages.

	 (a)	 (i)	 In modern drug testing protocols, the first stage that patients with an illness 
are involved is

(1)
	 A	 preclinical trials

	 B	 phase 1

	 C	 phase 2

	 D	 phase 3

		  (ii)	 In modern drug testing protocols, side effects such as nausea will first be 
identified in healthy volunteers during

(1)
	 A	 preclinical trials

	 B	 phase 1

	 C	 phase 2

	 D	 phase 3
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	 (b)	 Modern drug testing protocols must ensure that new drugs are effective at 
treating patients.

		  Explain the role that a placebo and a double blind trial have in producing valid 
conclusions.

(4)

Placebo
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A placebo provides a control group for comparison with the group given the drug.

This ensures that it is the active ingredient (the drug) that is causing the effect, and

the improvement is not due to a psychological effect.

Neither the doctors nor the patients know who has been given the actual drug and who

has been given the placebo.

This ensures that bias is removed from the trial, so the conclusions are valid.
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	 (c)	 Drug trials may last 15 years before the drug is licensed. The results of each stage 
are analysed before the drug trial can progress.

		  The results of a trial of a drug for lowering blood pressure are shown in the table.

Mean reduction in blood pressure / mmHg

People given the drug People given a 
placebo

7 ± 12 4 ± 8

		  Testing of this drug did not proceed beyond this stage.

		  Deduce why the drug trial was stopped at this stage.
(3)
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(Total for Question 3 = 9 marks)

The drug did not show a significant improvement when compared with the placebo

(mean reduction of 7 mmHg compared with 4 mmHg).

This is because the ranges overlap (−5 to 19 mmHg for the drug and −4 to 12 mmHg

for the placebo), so the difference is not significant.

Also, some people in the trial given the drug had an increased blood pressure (a

reduction of less than 0).
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4	 Stages of cell division in plant tissue can be observed using a light microscope.

	 The image shows the result of a root tip squash.

A

(Source: AL1323910 – Jose Luis Calvo / Shutterstock / PAL)

	 (a)	 (i)	 Which stage of cell division is shown by cell A?
(1)

	 A	 anaphase

	 B	 interphase

	 C	 metaphase

	 D	 prophase

		  (ii)	 The cells shown in the image are dividing by
(1)

	 A	 meiosis to enable sexual reproduction

	 B	 meiosis to enable growth

	 C	 mitosis to enable sexual reproduction

	 D	 mitosis to enable growth
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		  (iii)	Describe how a slide can be prepared from a root tip sample to produce this image.
(3)
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. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

		  (iv)	The mitotic index gives the percentage of cells in a sample undergoing mitosis.

			   Calculate the mitotic index for the 30 cells in this image.
(2)

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .%

Cut off the tip of the root (the end 5 mm, where the meristem is) and place it in

warm hydrochloric acid to break down (macerate) the tissue.

Rinse it in water, place it on a slide and add a stain such as toluidine blue (or

ethanoic orcein) to stain the chromosomes.

Put a cover slip on top and squash the tissue gently by pressing down on the cover

slip, to spread the cells into a single layer.

mitotic index = cells undergoing mitosis ÷ total cells × 100

= 7 ÷ 30 × 100

= 23.3 %

23.3
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	 (b)	 Two cultures of cells were used to investigate the cell cycle. 
The cells in culture A have a functioning gene called P21. 
The cells in culture B have no functioning P21 gene.

		  Both cultures were treated with gamma radiation that can cause damage to DNA. 
They were then sampled at intervals of 12 hours and the mitotic index calculated. 
The results are shown in the graph below.
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		  Deduce the effect of the P21 gene on the cell cycle when cells are treated with 
gamma radiation.

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

The gamma radiation can cause damage to DNA (chromosomes).

Cells with a functioning P21 gene (culture A) show reduced cell division: the mitotic

index falls from 3% to 0% by 12 hours and stays low (at or below 1%).

With a faulty P21 gene (culture B) cell division remains high, about 5% from 24 to 72

hours, then falls after 72 hours as the damaged cells are no longer viable.

This suggests that P21 regulates the cell cycle: it prevents the cell progressing through

mitosis if the DNA is damaged.
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5	 Haemophilia is a condition that results in excessive bleeding due to a lack of 
blood clotting factors such as factor 8.

	 It is an X‑linked recessive condition and one cause is a mutation to the F8 gene.

	 (a)	 (i)	 Complete the diagram, by drawing a line, to show a possible locus for the F8 gene.
(1)

X chromosome        Y chromosome

		  (ii)	 Explain with the use of a genetic diagram why males with haemophilia cannot 
pass on this condition to their male offspring.

(4)
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The F8 gene is on the X chromosome, so males have only one F8 allele (XY), and a

male with haemophilia has the genotype XhY.

A male parent must pass his Y chromosome to his male offspring, so sons get their X

chromosome from their female parent (mother).

So a male can only pass his faulty F8 allele (Xh) on to his female offspring, who

become carriers.

F8

Parents:  XhY (male with haemophilia)  ×  XHXH (female)

Xh Y
XH XHXh XHY
XH XHXh XHY

gametes
XHXh = carrier daughters

XHY = unaffected sons

All sons are XHY and do not have haemophilia.
All daughters are XHXh carriers.
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	 (b)	 There are 2931 mutations to the F8 gene that have been identified.

		  Haemophilia can also be caused by a mutation to the F9 gene. 
There are 1133 mutations to the F9 gene that have been identified.

		  Haemophilia is not classed as a polygenic disorder.

		  (i)	 Give the meaning of the term polygenic.
(2)
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		  (ii)	 There are 575 identified mutations to the F9 gene that cause severe 
symptoms of haemophilia.

			   The same percentage of these types of mutation is found in the F8 gene.

			   Calculate the number of mutations to the F8 gene that produce severe symptoms.
(2)

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

(Total for Question 5 = 9 marks)

A characteristic that shows continuous variation,

caused by multiple genes at different loci (many genes, each with a small effect).

575 ÷ 1133 = 0.5075, so 51% of mutations cause severe symptoms

2931 × 0.51 = 1494.8

= 1495 mutations

1495
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6	 Stem cells can be used to repair damaged organs.

	 Stem cells from the heart can be used to produce mature heart cells.

	 The diagram below shows one method used to produce mature heart cells.

Stem cells from the heart

Immature heart cells

Mature heart cells

Whole heart

Chemicals isolated from 
the heart tissue

	 (a)	 The whole heart contains cardiac muscle tissue. The whole heart is an organ.

		  Give one difference between a tissue and an organ.
(1)
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	 (b)	 Part of the eye contains stem cells. These cells can be used to repair damaged 
corneas in the eye.

		  (i)	 Explain why stem cells from the heart cannot be used to grow cells to repair 
the cornea.
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A tissue is made of one type of cell, whereas an organ is made of several different

tissues working together.

Stem cells from the heart are not totipotent; they are only pluripotent (multipotent).

Some genes have already been activated and deactivated (switched on or off) in these

cells.

Therefore they will not be able to specialise into cornea cells; they can only become a

specific selection of (heart) cells.

stemup.co.uk

https://stemup.co.uk


*P67148A01928* Turn over     

19

	

	

		  (ii)	  Explain why chemicals from the eye are needed to produce corneal cells from 
a suitable source of stem cells.
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	 (c)	 Human embryos are another source of stem cells used in medical therapies.

		  Describe the decisions that society has to make about the use of these embryonic 
stem cells.
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(Total for Question 6 = 11 marks)

Chemicals from the eye cause some genes (related to the cornea) to be activated

(switched on), and other genes to be deactivated (switched off).

The activated genes are transcribed, producing specific mRNA.

This specific mRNA is translated into specific proteins.

These proteins cause the stem cell to develop (differentiate) into a corneal cell, with

the structure and function of a corneal cell.

Embryonic stem cells are totipotent so they can be used in a wider range of therapies,

and society must decide if this benefit justifies their use.

The source of the embryonic stem cells has to be considered and regulated, e.g. spare

embryos from IVF.

There are moral and ethical issues, as the use of embryonic stem cells destroys

embryos.

Research establishments need to be regulated and licensed (e.g. by the HFEA).
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7	 A range of minerals is necessary for the formation of healthy plant tissue.

	 (a)	 Which molecule contains magnesium ions?
(1)

	 A	 amino acid

	 B	 amylose

	 C	 chlorophyll

	 D	 DNA

	 (b)	 Seedlings of rice plants were grown for two weeks in a complete solution 
containing all the mineral ions required.

		  After two weeks, the plants were divided into three groups, A, B and C.

•	 The plants in Group A were grown in a complete solution.

•	 The plants in Group B were grown in a complete solution lacking 
magnesium ions.

•	 The plants in Group C were grown in a complete solution lacking calcium 
ions.

		  The plants were then grown for nine days. The diagrams show the plants at the 
end of the growing time.

		  The labels L3 to L6 on the diagrams refer to the leaves in order of growth.

		  L6 was the last leaf to grow.

L3

Group A Group B Group C

L3 L3

L4 L4 L4

L5 L5 L5

L6 L6

L6

		  At the end of the growing time, L5 was dead and L6 was yellow in the plants in 
Group B.
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		  Comment on the effects of deficiencies in magnesium ions and calcium ions on 
the growth of these rice plants.

(4)
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The effect of magnesium deficiency is shown earlier than the effect of calcium

deficiency.

This is because the first leaf to die is leaf L5 in the Group B plants, and L6 is yellow,

as magnesium is needed to make chlorophyll.

The plants continue to grow in the solution lacking magnesium, as L6 grew to full size.

The plants stop growing in the solution lacking calcium: L6 in Group C is small.

Without calcium, calcium pectate for the middle lamella cannot be made, so new leaves

cannot grow fully (they are stunted).
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	 (c)	 ‘The growth of seedlings is affected by the concentration of magnesium ions 
whereas germination of seeds is not.’

		  Devise an investigation to obtain valid evidence to support this statement.
(5)
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(Total for Question 7 = 10 marks)

Germination: place seeds of the same species (e.g. rice) in a range of at least five

magnesium ion concentrations, e.g. 0, 2, 4, 6, 8 mmol dm-3.

Measure the germination rate, i.e. the percentage of seeds that germinate after a set

time, e.g. 7 days.

Growth: use seedlings that have been germinated in solutions containing all mineral

ions, of the same age and size.

Grow them in the same range of magnesium ion concentrations, with all other mineral

ions present.

Measure seedling growth, e.g. the increase in height or dry mass after 3 weeks.

Control environmental variables: temperature, humidity and light intensity, e.g. in a

growth cabinet.

Use 10 seeds or seedlings at each concentration and calculate means.
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8	 Biodiversity can be reduced by management of habitats.

	 (a)	 A study of plant species, other than grasses, found in two lawns was completed.

		  Lawn A was cut every 14 days. Lawn B was cut every 7 days.

		  The table shows the number of plants of each species identified.

Plant species
Number of plants

Lawn A Lawn B

Daisy 18 5

Bee orchid 1 0

Dandelion 12 0

Clover 4 0

Bird’s-foot trefoil 6 0

		  Biodiversity can be compared in different habitats using a formula to calculate an 
index of diversity (D).

Σ
−

=
−

( 1)
( 1)

N N
D

n n

		  n = total number of organisms of a particular species

		  N = total number of organisms of all species

		  (i)	 Calculate the index of diversity for lawn A.
(3)

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

N = 18 + 1 + 12 + 4 + 6 = 41,    N(N − 1) = 41 × 40 = 1640

Σn(n − 1) = (18 × 17) + (1 × 0) + (12 × 11) + (4 × 3) + (6 × 5)

= 306 + 0 + 132 + 12 + 30 = 480

D = 1640 ÷ 480 = 3.42

3.42
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		  (ii)	 Herbicides are sprayed on lawns to kill unwanted plants.

			   Explain how the calculated value would change if a herbicide was used on 
this lawn.

(2)
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	 (b)	 The bee orchid, Ophrys apifera, is pollinated by a species of bee, Eucera longicornis, 
that is found in parts of the UK.

		  Males of this species of bee mistake the flower for a female bee.

		  The bee orchid can also self‑pollinate.

		  The niche of E. longicornis is that it
(1)

	 A	 feeds on the orchid

	 B	 is found in the same location as the orchid

	 C	 looks like the orchid flower

	 D	 pollinates the orchid

The value (index of diversity) will decrease,

because the herbicide kills the unwanted plants, so there will be fewer species present

(and fewer of each species).
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	  *(c)	 The graph shows the changes in the relative abundance of pollinating wild bee 
species in the UK. The original sample in 1980 represents a value of 100%.
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)

		  Explain how the changes in the relative abundance of bee species in the UK may 
result in the development of a new species of bee orchid.

(6)
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The graph shows that the relative abundance of wild bee species fell from 100% in

1980 to about 75% in 2016, with a sharp fall after 2006. So there will be fewer bees

such as E. longicornis to pollinate the bee orchid.

With less pollination by bees, more bee orchids will self-pollinate. Self-pollination still

produces some variation in the offspring, but this variation is reduced because only one

parent's alleles are used, so genetic diversity decreases.

In small, isolated populations genetic drift may occur, so alleles are lost by chance and

allele frequencies change in the population.

If the orchid is not pollinated by bees, there is no advantage (selection pressure) to

look like a female bee, so the alleles for this adaptation are no longer an advantage

and the similarity to E. longicornis may become less obvious.

Populations in areas without bees will have a different gene pool from orchids still

pollinated by bees, and no gene flow between them, so the phenotype may change.

Over time the populations may become reproductively isolated, leading to the formation
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(Total for Question 8 = 12 marks)

TOTAL FOR PAPER = 80 MARKS

of two new species. So areas of the UK lacking E. longicornis are more likely to have a

new species of bee orchid evolving.
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