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Section A

1	 Genetically engineered microorganisms contain a gene or genes from  
another organism.

	 (a)	 State the role of bacteriophages in genetic engineering.

__________________________________________________________________

__________________________________________________________________

_______________________________________________________________  [1]

	 (b)	 Safety precautions are necessary to prevent genetically engineered 
microorganisms escaping and causing harm in the environment.

		  State two safety precautions that can be employed for this purpose.

1.________________________________________________________________

__________________________________________________________________

2.________________________________________________________________

_______________________________________________________________  [2] 

	 (c)	 A range of useful substances can be produced by genetically engineered 
microorganisms.

		  Suggest one advantage of using microorganisms for this purpose, rather than 
plants or animals.

__________________________________________________________________

__________________________________________________________________

_______________________________________________________________  [1]
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2	 (a)	 The table below shows some features found in phyla of the kingdom Animalia.

		  Complete the table by placing a tick (3) in the appropriate box(es) if the feature 
is present in that phylum.

Feature

Phylum
Bilaterally

symmetrical Triploblastic Coelomate
Gut has both 
a mouth and 

an anus

Support by 
internal skeleton 

of bones

Platyhelminthes

Chordata

Annelida

[3]

	 (b)	 Digestion in animals can be intracellular and/or extracellular.

		  (i)	 Describe precisely the process of extracellular digestion in animals.

______________________________________________________________

______________________________________________________________

___________________________________________________________  [1]

		  (ii)	 Describe the main evolutionary trend in digestion across the three animal 
phyla listed above.

______________________________________________________________

______________________________________________________________

______________________________________________________________

______________________________________________________________

______________________________________________________________

___________________________________________________________  [2]
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3	 DNA provides the code for protein synthesis in living organisms. Transcription and 
translation of the DNA code results in the production of polypeptides.

	 (a)	 The bar charts below show the numbers of different bases present in a short 
section of DNA and mRNA.
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Graph 1

Bases present in a short section
of a DNA coding (template) strand

Graph 2

Bases present in mRNA transcribed
from the section of DNA in Graph 1

		  (i)	 Using the information provided and your understanding, identify the bases 
W, X, Y and Z.

	 W ____________________

	 X _ ___________________

	 Y _ ___________________

	 Z _____________________ 	 [2] 
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		  After transcription, but before translation, the mRNA in Graph 2 is modified by 
the cell. The graph below shows the numbers of different bases present in the 
mRNA after this modification.
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Bases present in mRNA  
after modification

		  (ii)	 Using the graph, suggest what happens during this modification.

______________________________________________________________

______________________________________________________________

___________________________________________________________  [1] 
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	 (b)	 The diagram below shows a step in the synthesis of a polypeptide  
during translation.

U U C U U C A A G A
U

C
G

C
G

U U C
mRNA

x

Lys Thr

U U CA A G

Phe
Phe

amino acids

		  (i)	 Name structure X.

	 _______________________________ 	 [1] 

		  (ii)	 Using the information in the diagram, describe precisely the sequence 
of events which results in the attachment of the next amino acid in this 
polypeptide chain.

______________________________________________________________

______________________________________________________________

______________________________________________________________

______________________________________________________________

______________________________________________________________

______________________________________________________________

______________________________________________________________

______________________________________________________________

______________________________________________________________

___________________________________________________________  [4]
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4	 (a)	 The diagram below summarises the reactions of the light-independent stage 
(Calvin cycle) of photosynthesis.

ADP

ATP

ATP NADPH

ADP + Pi NADP

2 × triose phosphate

sugars and other 
compounds

2 × glycerate phosphate

ribulose
bisphosphate

CO2

		  (i)	 Complete the diagram to indicate the number of carbon atoms in ribulose 
bisphosphate and glycerate phosphate.	 [1]

		  (ii)	 Describe the different roles of ATP in the cycle, as shown in the diagram.

______________________________________________________________

______________________________________________________________

______________________________________________________________

______________________________________________________________

______________________________________________________________

______________________________________________________________

___________________________________________________________  [2]
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	 (b)	 The diagram below shows how both the light intensity and the amount of carbon 
dioxide fixed by ribulose bisphosphate (RuBP) change across a vertical section 
of a leaf.
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		  (i)	 Suggest one reason for the steep reduction in light intensity at position Z.

______________________________________________________________

______________________________________________________________

___________________________________________________________  [1] 
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		  (ii)	 Explain the pattern of carbon dioxide fixation through the leaf section, along 
the line X–Y, with reference to the different tissue layers in the leaf.

______________________________________________________________

______________________________________________________________

______________________________________________________________

______________________________________________________________

______________________________________________________________

______________________________________________________________

______________________________________________________________

______________________________________________________________

______________________________________________________________

______________________________________________________________

___________________________________________________________  [3]
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	 (c)	 The graph below shows how carbon dioxide concentration affects the rate of 
photosynthesis.
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		  Research is currently taking place to develop crop plants that can produce 
increased levels of RuBP in their chloroplasts. 

		  (i)	 Draw a line on the graph above to suggest how a higher level of RuBP 
would affect the rate of photosynthesis in different carbon dioxide 
concentrations.	 [1] 

		  (ii)	 In certain environmental conditions, carbon dioxide can be a limiting factor 
of photosynthesis. Suggest why carbon dioxide is frequently a limiting factor 
in summer.

_ ___________________________________________________________

_ ___________________________________________________________

_ _________________________________________________________ [1] 
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5	 (a)	 Many species of flowering plant have strategies to encourage cross-fertilisation. 
Describe one advantage of this.

________________________________________________________________

________________________________________________________________

______________________________________________________________ [1] 

	 (b)	 The diagram below shows a section through part of a flower and represents the 
stage immediately following fertilisation.

ovule

ovary

pollen
tube

endosperm
nucleus (3n)

zygote (2n)

pollen tube

antipodal cells
(not involved in
fertilisation)
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		  (i)	 Describe the sequence of events following pollination, and resulting in the 
stage shown in the diagram.

_ ___________________________________________________________

_ ___________________________________________________________

_ ___________________________________________________________

_ ___________________________________________________________

_ ___________________________________________________________

_ ___________________________________________________________

_ ___________________________________________________________

_ ___________________________________________________________

_ ___________________________________________________________

_ ___________________________________________________________

_ ___________________________________________________________

_ ___________________________________________________________

_ ___________________________________________________________

_ _________________________________________________________ [4]
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		  In flowering plants, a fertilised ovule develops into a seed. In many species  
of flowering plant, this happens at the end of the growing season  
(late summer/autumn).

		  (ii)	 The seeds of many local flowering plant species must experience several 
months of cold weather before they are able to germinate and develop  
into seedlings.

			   Suggest and explain one advantage of this.

_ ___________________________________________________________

_ ___________________________________________________________

_ ___________________________________________________________

_ ___________________________________________________________

_ ___________________________________________________________

_ ___________________________________________________________

_ _________________________________________________________ [2]
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	 (c)	 (i)	 Seed shape in a particular species of flowering plant can be round or 
oblong. The allele for round seed (R) is dominant to the allele for oblong 
seed (r).

			   In one population of this species, 10% of the alleles for this gene were found 
to be r.

			   Using the Hardy-Weinberg equation, calculate the percentage of plants that 
would be expected to be heterozygous for seed shape in this population.

			   (Show your working.)

_________________________% [3] 

		  (ii)	 State one condition required for the application of the Hardy-Weinberg 
equation.

_ ___________________________________________________________

_ _________________________________________________________ [1]
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6	 (a)	 Aerobic respiration can be summarised by the equation:

6O2 + C6H12O6    6CO2 + 6H2O + energy

		  The diagram below provides more detail of the stages involved.

glucose

2 × pyruvate

2 × acetyl CoA

ATP

NADH

x

glycolysis

2 × Krebs cycle FADH2

NADH

ATP

O2 H2O

electron transport
chain

(oxidative
phosphorylation)

ATP
CO2

CO2
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		  Using the information provided and your knowledge, answer the following 
questions.

		  (i)	 Identify stage X.

_______________________________	 [1] 

		  (ii)	 State precisely where oxidative phosphorylation takes place in the cell.

_ _________________________________________________________ [1]

		  (iii)	Account for the fact that six molecules of CO2 are produced during the 
respiration of one molecule of glucose.

_ ___________________________________________________________

_ ___________________________________________________________

_ ___________________________________________________________

_ ___________________________________________________________

_ ___________________________________________________________

_ ___________________________________________________________

_ ___________________________________________________________

_ ___________________________________________________________

_ ___________________________________________________________

_ ___________________________________________________________

_ ___________________________________________________________

_ ___________________________________________________________

_ ___________________________________________________________

_ _________________________________________________________ [4]
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	 (b)	 In an investigation into the effect of temperature on respiration in yeast, yeast 
cells were coated with a chemical called sodium alginate to form yeast ‘beads’. 
Twenty yeast ‘beads’ were then added to each of two solutions of glucose and 
kept at 20°C and 40°C respectively.

		  The surrounding coat of sodium alginate is relatively impermeable to gases  
and therefore restricts carbon dioxide escaping from the respiring yeast cells. 

sodium 
alginate
coating

build-up
of CO2

yeast
cells

		  Over time, the build-up of carbon dioxide causes the ‘beads’ to rise to the 
surface of the glucose solutions.

		  In the investigation, the time taken for each of the beads to rise to the surface of 
the glucose solutions was recorded.

		  (i)	 State two variables that should have been controlled in this investigation.

1._____________________________________________________________

2.__________________________________________________________  [2] 

		  (ii)	 In this investigation it was important that an organism was used that could 
respire anaerobically. Suggest why.

_ ___________________________________________________________

_ ___________________________________________________________

_ _________________________________________________________ [1]
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		  The results of the investigation are summarised in the table below.

Temperature/°C Time for bead to rise to surface/s Mean time/s

20
124, 169, 99, 201, 190, 133, 215, 110, 
85, 144, 148, 187, 233, 98, 166, 204, 

139, 177, 147, 209
159

40
62, 105, 99, 177, 105, 164, 86, 101, 

99, 100, 194, 90, 133, 150, 151, 122, 
88, 76, 123, 111

117

		  (iii)	Describe and explain the trend shown by the mean results.

______________________________________________________________

______________________________________________________________

______________________________________________________________

______________________________________________________________

______________________________________________________________

___________________________________________________________  [2]
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		  (iv)	The data indicates that the results are very variable. Suggest two reasons 
for this variability.

1.___________________________________________________________

_ ___________________________________________________________

2.___________________________________________________________

_ _________________________________________________________ [2] 

		  (v)	 Suggest the most appropriate way to display these results graphically,  
in order to communicate both the trend and the variability of the data. 

_ ___________________________________________________________

_ ___________________________________________________________

_ ___________________________________________________________

_ ___________________________________________________________

_ _________________________________________________________ [2]
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7	 The banded snail (Cepaea nemoralis) is very variable in shell pattern and colour. 
Dark horizontal bands may be present running around the shell. Additionally, the 
shells can be yellow, pink or brown as shown in the photograph below. Presence or 
absence of banding and shell colour are genetically determined.

© George Bernard / Science Photo Library

(a)	 The colour gene (C) has multiple alleles, with a dominance series of CB (brown),
CP (pink) and CY (yellow). Therefore CB is most dominant and CY is least
dominant.

A cross between a brown snail and a pink snail produced offspring in the ratio:

2 brown  :  1 pink  :  1 yellow

In the space below, use a genetic diagram to show how this ratio could 
have arisen.

[3]
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	 (b)	 This particular cross was repeated a number of times and 200 offspring were 
obtained. 89 were brown, 55 were pink and 56 were yellow.

		  (i)	 Complete the table below and calculate X 2 for these results.

Category Observed 
(O)

Expected 
(E) (O – E) (O – E)2 (O – E)2

E

brown 89

pink 55

yellow 56

Calculated X 2 value _____________ [2]

		  (ii)	 On the basis of your calculated X 2 value, state the following:

•  the degrees of freedom for the test_ _____________________________

•  the probability value________________________________________  [2] 

		  (iii)	State the conclusion that can be drawn from this statistical test.

_ ___________________________________________________________

_ ___________________________________________________________

_ _________________________________________________________ [1]
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	 (c)	 The gene for banding is independently inherited from the gene for shell colour. 
The allele for absence of banding (A) is dominant to the allele for presence of 
banding (a).

		  In the space below, complete the genetic cross between snails with the 
genotypes AaCBCP and AaCYCY to show the ratio of offspring produced and the 
possible offspring genotypes and phenotypes.

[5]
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	 (d)	 Brown shells are good at absorbing heat, but poor at reflecting heat. The 
proportion of brown snails in populations of this species has been calculated 
in many European countries. The graph below shows the relationship between 
mean summer temperature and the percentage of snails that had brown shells, 
in a range of locations across Europe.
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		  (i)	 Describe and suggest an explanation for the pattern shown in the graph.

______________________________________________________________

______________________________________________________________

______________________________________________________________

______________________________________________________________

______________________________________________________________

______________________________________________________________

______________________________________________________________

______________________________________________________________

______________________________________________________________

______________________________________________________________

______________________________________________________________

___________________________________________________________  [4] 

		  (ii)	 Some scientists believe that increasing levels of atmospheric carbon dioxide 
could influence the future distribution of brown snails in Europe. Suggest 
and explain how the distribution could change.

______________________________________________________________

______________________________________________________________

______________________________________________________________

______________________________________________________________

______________________________________________________________

___________________________________________________________  [2]
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Section B

Quality of written communication is awarded a maximum of 2 marks in this section.

8	 Gene technology continues to contribute to a greater understanding of the genetic 
code and an increasing ability to manipulate the code.

	 (a)	 Explain the term ‘genome (gene) sequencing’. Describe the potential benefits  
(both current and future) of genome sequencing and the ethical issues raised  
by the use of this technology.	 [12]

	 (b)	 For gene transfer (genetic engineering), it is necessary to obtain the desired 
gene. Describe the methods available for obtaining this gene.	 [4]

	 Quality of written communication	 [2]

___________________________

	 (a)	 Explain the term ‘genome (gene) sequencing’. Describe the potential benefits  
(both current and future) of genome sequencing and the ethical issues raised  
by the use of this technology.

________________________________________________________________

________________________________________________________________

________________________________________________________________

________________________________________________________________

________________________________________________________________

________________________________________________________________

________________________________________________________________

________________________________________________________________

________________________________________________________________

________________________________________________________________

________________________________________________________________
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________________________________________________________________

________________________________________________________________

________________________________________________________________

________________________________________________________________

________________________________________________________________
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________________________________________________________________

________________________________________________________________

________________________________________________________________

________________________________________________________________

________________________________________________________________

________________________________________________________________

________________________________________________________________

________________________________________________________________

________________________________________________________________

________________________________________________________________

________________________________________________________________

________________________________________________________________

________________________________________________________________

________________________________________________________________

________________________________________________________________

________________________________________________________________
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________________________________________________________________

________________________________________________________________

________________________________________________________________

________________________________________________________________

________________________________________________________________

________________________________________________________________

________________________________________________________________

________________________________________________________________

________________________________________________________________

________________________________________________________________

________________________________________________________________

________________________________________________________________

________________________________________________________________

________________________________________________________________

________________________________________________________________

________________________________________________________________

________________________________________________________________

________________________________________________________________

________________________________________________________________

________________________________________________________________

________________________________________________________________

________________________________________________________________
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________________________________________________________________

________________________________________________________________

________________________________________________________________

________________________________________________________________

________________________________________________________________

________________________________________________________________

________________________________________________________________

________________________________________________________________

________________________________________________________________

________________________________________________________________

________________________________________________________________

________________________________________________________________

________________________________________________________________

________________________________________________________________

	 (b)	 For gene transfer (genetic engineering), it is necessary to obtain the desired 
gene. Describe the methods available for obtaining this gene.

________________________________________________________________

________________________________________________________________

________________________________________________________________

________________________________________________________________

________________________________________________________________

________________________________________________________________
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________________________________________________________________

________________________________________________________________

________________________________________________________________

________________________________________________________________

________________________________________________________________

________________________________________________________________

________________________________________________________________

________________________________________________________________

________________________________________________________________

________________________________________________________________

________________________________________________________________

________________________________________________________________

________________________________________________________________

________________________________________________________________

________________________________________________________________

________________________________________________________________

________________________________________________________________

________________________________________________________________

________________________________________________________________

________________________________________________________________

________________________________________________________________

________________________________________________________________
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