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Section A
Answer all questions. Answers must be written within the answer boxes provided.

1. A polymerase chain reaction (PCR) was performed to amplify a small amount of DNA. Eight
tubes were prepared as shown in the table.

butfor and polymerase. | DNA | Primers
Control v v <
Control v x v
Six tubes v v v

The tubes were placed in a thermal cycler with the temperatures shown in the diagram and
run for 25 cycles.

B

55°C 72°C

One PCR cycle

The image shows the result of gel electrophoresis on the eight samples.

Tube
12 3 4 5 6 7 8

<—— Well

<4—— Amplified DNA

4——— Primers

(This question continues on the following page)
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(Question 1 continued)

(a) State the number of the tube used as a control without DNA. [

(b) Deduce, with a reason, whether the primers are smaller or larger than the amplified DNA. [1]

(c) Explain the reason for changing the temperature during each cycle. [2]

(d) Predict the result that would be obtained if fewer cycles were used in this PCR process.  [1]

52EP
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2.  Scientists studied the effect of salt on the growth of seeds of normal and mutated thale cress
Arabidopsis thaliana. Mutations occurred on genes coding for protein 1 (m1), protein 2 (m2)
or both 1 and 2 (m1+2).

The bar chart shows the mean lengths of stems of seedlings grown without salt and with
salt. The bar for m2 grown with salt is not represented. The photograph shows one set of
seedlings grown with salt, all with the mean length for each group.

15- Control m1 m2 m1+2
14 _ PREERE
B 134
124
E 114 [
c ]
‘5)18 J [ T Stem
o i
S I
74 0RK:
2 64 oo
g 57 8% -
g 4_ é%ﬁx I
37 223 T
2_ f\?\x§ _L
_ XK 24X
1 &g

Control m1 m2 m1+2 Control m1 m2 m1+2

Without salt With salt

(This question continues on the following page)
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(Question 2 continued)

(@) (i) Using the photograph and the scale bar, calculate the actual stem length of the
m2 seedling grown with salt, showing your answer by drawing a bar in the space

on the bar chart. [1]
............. mm

(i)  Explain the reason that you cannot draw an error bar for your answer to (a)(i). [2]

(b) State one environmental factor that should be kept constant in this experiment. [11

(c) Using the results of this experiment, evaluate the influence of protein 1 and protein 2 in
salt tolerance in thale cress plants. [2]

§ l
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The electron micrograph shows part of a cell in the pituitary gland of a rat. Ribosomes appear
as dark granules. Some of the ribosomes are arranged in a linear array and some are in
circles. The diagram shows how the ribosomes in a circular array are connected.

Key:
——Pp Linear
= Circular

(@) On the electron micrograph, label

(i)  the rough endoplasmic reticulum [1
(i) a polysome. 1
(b) Calculate the magnification of the electron micrograph. [1
(c) Using the diagram, identify, with a reason, whether X or Y is the start codon [

L

Turn over
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Section B

Answer all of the questions from one of the options. Answers must be written within the answer boxes
provided.

Option A — Neurobiology and behaviour
4. The image shows an angiogram (X-ray with a dye) of blood vessels in the brain of a patient

who has suffered a stroke in Broca’s area. The arrow shows the exact location where the
stroke has occurred.

(Option A continues on the following page)
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(Option A, question 4 continued)

(a) Explain the likely consequences of a stroke in Broca’s area.

(2]

(b) Explain the change in the brain which could lead to recovery from a stroke.

[2]

L

(Option A continues on the following page)
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(Option A continued)

5. The diagram is a view of the human brain as seen from the left side.

=== -

(@) On the diagram, label the cerebellum. [1

(Option A continues on the following page)
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(Option A, question 5 continued)

The graph shows the mean cerebellum volume from MRI scans in eight primate species
arranged in order of increasing body mass.

150
140
130
120
110
100

90

Cerebellum volume 80
/ cm?® 70

60
50 =
40 BN
30 EN S

Species

Increasing body mass

(b)  Analyse the relationship between body mass and cerebellum volume in these
primate species.

[2]

L

(Option A continues on page 13)
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(Option A, question 5 continued)

(c) Describe the use of fMRI to identify the role of the cerebellum. [2]

(Option A continues on the following page)
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(Option A continued)

6. The diagram shows the signalling pathways involved in slow synaptic transmission.

@ @ ' Vesicles
Synapse . .

/

Secondary e
messenger

lon pumps A%/ Enzymes
lon channes%

(@) On the diagram, label a

()  neurotransmitter receptor [1]
(i)  presynaptic membrane. [1

(b) State one example of a slow-acting neurotransmitter. 1

(Option A continues on the following page)
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(Option A, question 6 continued)

(c) Ouitline the role of slow-acting neurotransmitters in learning.

(2]

(d)  Outline how MDMA (ecstasy) affects neurotransmitter metabolism in the brain.

[2]

L

(Option A continues on the following page)
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(Option A continued)

7.  Blackcaps (Sylvia atricapilla) that live in Germany during the summer usually migrate to
Spain or the UK in the winter. The map shows the direction of migration of adult birds.

P

In an experiment, the offspring of blackcaps from adults that migrated to either the UK or
Spain, were reared in isolation from their parents and released in Germany to see in which
direction they migrated for the winter.

(Option A continues on the following page)
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(Option A, question 7 continued)

Each symbol in the results diagram gives the direction of one bird and the arrows show the
mean direction of all birds.

Offspring of adults Offspring of adults
that migrated to the UK that migrated to Spain
N N
: R
WAt E w &N/ E

S S

[Source: P. Berthold et al, Rapid microevolution of migratory behaviour in a wild bird species, Nature, 360, 668—-670 (1992),
Springer Nature. Reproduced with permission from Springer Nature. https://www.nature.com.]

Discuss whether the difference in migratory behaviour in blackcaps is caused by innate
behaviour or learned behaviour. [3]

L

(Option A continues on the following page)
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(Option A continued)

8.

The diagram shows how chemoreceptor cells respond to a stimulus on their cilia or cell body.
The impulse is detected with an oscilloscope and the change in membrane current is shown.

Stimulation Stimulation
of cilia of cell body

> Odorant

Body of olfactory
receptor

Odorant <:':-. o Cilia
Odour Odour

0 0

—100 -100
Membrane current / —200. -200 .......
pA back in -300 . —~300 .......
| HEN ENEEEEN
0123456 0123456

Time /s

(a) Distinguish between the changes in the membrane current caused by stimulation
of the cilia or the cell body.

(2]

L

(Option A continues on the following page)

2EP18

5

|




-19- 8823-6015
(Option A, question 8 continued)
(b) Distinguish between olfactory receptor cells and rod cells. [2]
Feature of receptor cell Olfactory receptor cells Rod cells
Connection to nerve no intermediate cell

Type of stimulus perceived | chemicals

(c) Hair cells play an important role in hearing. State where in the ear these hair cells
are located. [1

(Option A continues on page 21)
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(Option A continued)
9. Explain how the central nervous system of a fetus develops from ectoderm. [6]
End of Option A
“H““ ““ “““HW rmever |
21
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Option B — Biotechnology and bioinformatics

10. Different strains of the bacterium Enterobacter cloacae were grown on a plate and identified
according to their place on the plate (for example, the first strain top left is A1). They were

then transferred to Petri dishes containing agar with varying concentrations of antibiotic
(5, 10, 20, 40, 80, 160 ugml™).

12345678

*
00000
9,0,000000
00000000
000000 0e

mmoOw>

The Petri dishes were left for 24 hours in an incubator at 25°C and the resulting plates are shown.

[1]

(b) Identify a reason that the plates were placed in an incubator at 25 °C before recording
the results.

(1]

(Option B continues on the following page)
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(Option B, question 10 continued)

(c) Suggest reasons for the presence of strains such as B2 in all of the plates. [2]

(d) Distinguish between the method used in this experiment and methods using zones
of inhibition. [2]

Feature This experiment Zones of inhibition

Location of antibiotic in
the plate

How the effect of
antibiotic is evaluated

(e) Enterobacter cloacae is Gram-negative. Describe the test that would show this. [4]

(Option B continues on the following page)
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(Option B continued)

11. The evolutionary clock estimates the time elapsed since species separated from a common
ancestor based on fossil evidence. The graph shows the number of differences in the

DNA sequences (nucleotide substitutions) coding for certain polypeptides in 11 closely
related mammals.

100
°
°
Nucleotide substitutions i
50
i °
O | T T T T T
0 50 100
Divergence time / millions of years

(a) State the relationship between divergence time and number of substitutions. [1

(b)  Outline the bioinformatics method used to compare the nucleotide sequences coding
for the polypeptides of different organisms. [2]

(Option B continues on the following page)
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(Option B continued)

12. The diagram shows the steps performed in a well of an enzyme-linked immunosorbent assay
(ELISA) test, using a sample from an animal with a viral infection.

Oo
O Q¢
9GS b
Antibody Add viral sample Add conjugated Add substrate
from animal, antibody and wash
incubate and
wash
(@)  With reference to the ELISA test shown, state
(i) the part of the virus that binds to the antibody [1

(i)  the change that occurs in the well, after the substrate is added in the
presence of the virus. [1

(b) State one technique that could be used for detecting the genetic material of viruses. 1

(Option B continues on the following page)
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(Option B continued)

13. Microbial pathogens may grow during harvesting and processing of seafood, posing health
risks to consumers. The bacterium Vibrio parahaemolyticus is one of the pathogens which
forms biofilms on food and on food contact surfaces during processing. V. parahaemolyticus
biofilm formation was investigated at different surface textures provided by stainless steel
(smooth), shrimp shell (slightly rough) and crab shell (very rough).

Stainless steel Shrimp shell Crab shell

x10 000

(a) Discuss whether the results support the hypothesis that rough surfaces encourage
biofilm adhesion and development. [2]

(b) (i) State one emergent property of biofilms. [1

(i)  Outline one beneficial use of biofilms. [2]

(Option B continues on the following page)
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(Option B continued)

14. Antithrombin is a protein that naturally occurs in healthy individuals and helps to keep blood
from clotting. Patients with antithrombin deficiency have been treated using supplies of this
protein purified from human blood. The diagram shows how the biopharming of goats is now
used to produce antithrombin.

Removed for copyright reasons

Discuss the benefits of antithrombin production by biopharming. [3]

(Option B continues on page 29)
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(Option B continued)

L

15. Explain how a plant can be genetically modified to increase crop yields. [6]
End of Option B
“H““ ““ W“HH Tmever |
29
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Option C — Ecology and conservation

16. Feeding relationships between organisms on rocky shores along the Pacific Coast of North
America were studied. The food web shows the proportions of the total energy consumed
by the two carnivorous species, a starfish (Pisaster ochraceus) and a small gastropod
(Thais emarginata).

Pisaster
1 species

/TN

0.41 0.05 0.37 0.12 0.03

Thais
1 species
0. 10 0 90

Chitons Limpets Bivalves Acorn Barnacles Mytilus
2 species 2 species 1 species 3 species 2 species

(Option C continues on the following page)
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(Option C, question 16 continued)
(a) Identify the main source of energy of Thais. [
(b) Limpets feed on photosynthetic algae. Identify the trophic level of limpets. [1

(c) Predict what would happen to this community if the following organisms were removed
from the ecosystem.

(i)  Mytilus: [1]

(i)  Acorn barnacles: [2]

(d) Pisasteris considered a keystone species. Explain the effects of Pisaster on
this community. [2]

L

(Option C continues on the following page)
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(Option C continued)

17. Stonefly nymphs (Plecoptera) are good indicators of unpolluted streams and rivers. Graph |
shows the effect of a sewage outfall on oxygen concentration and biochemical oxygen
demand (BOD) in a stream. Graph Il shows the distribution curves of three different aquatic
species living in the stream.

Sewage
outfall
Graph | ¥
_________ Oxygen
el BOD
| sob) — T
Graph 1l
P - T '\ Key:
\ --- Species 1
\ —— Species 2
Species 3
\ Plecoptera
\
N
Distance downstream —»
(a) Identify which curve in graph Il shows the distribution of stonefly nymphs. [

(b) Outline the use of indicator species such as stoneflies to assess the quality of aquatic
environments. [3]

(Option C continues on the following page)
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(Option C, question 17 continued)

(c) Explain the effect of eutrophication on BOD.

8823-6015

[3]

L

(Option C continues on the following page)
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(Option C continued)

18. Duckweed (Lemna aequinoctialis) is a small floating plant that sometimes forms a continuous
cover over the surface of ponds. In an experiment, it was grown either in nutrient-rich
medium or in sewage water for four weeks. The biomass obtained per square metre at
different times is shown in the population growth curves.

—-34 - 8823-6015

Key:
—e— nutrient-rich medium
--@¥-- sewage water

180+

Biomass
/gm=

I I
0 6 12 18 24 30
Culture time / days

(a) Label two phases on the nutrient-rich medium population growth curve.

(b) Compare the population growth curve in nutrient-rich medium and sewage water.

(Option C continues on the following page)
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(Option C, question 18 continued)

(c) State two factors that limit the duckweed population size after 24 days.

(2]

L

(Option C continues on the following page)
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(Option C continued)

19. The flow chart shows transfers of phosphorus in million tonnes (Mt) due to human activity.

14 Mt
input from

mined P

Gained to
agriculture

Lost to rivers
and lakes

N

Arable land Crops Livestock Food Humans

‘i‘ 4

2.7 Mt

(a) State a process by which phosphate from arable land is lost to rivers. [
(b)  Outline reasons for the availability of phosphate becoming limiting to agriculture
in the future. (3]

L

(Option C continues on the following page)
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(Option C continued)

20.

Discuss, giving an example, the possible effects of the introduction of an alien species into
an ecosystem.

[6]

L

End of Option C
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Option D — Human physiology
21. Scurvy was a major problem for polar explorers. Scott and his companions reached the
South Pole in January 1912 only to find that Amundsen’s team had arrived there a month

before. Amundsen’s team came back safely but Scott’s polar team all died on their return journey.

The basic source of nourishment for Scott’'s team was dried meat, while Amundsen’s team
ate raw meat and berries.

Scott’'s team Amundsen’s team

(@) Suggest why Amundsen’s team did not suffer from scurvy. [

(b) There are ethical objections to causing scurvy experimentally in humans, but few other
species of mammal can be used as models for this deficiency disease. Outline the
reasons for this. [2]

(Option D continues on the following page)
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(Option D continued)

22. The diagram shows a detail of the internal structure of the sinusoid of the liver.

Hepatocytes
/ S ———
‘ Branch of Central vein
portal veln/ . — _c@\, )

N/

Kupffer cell

Arteriole

@ SEEEE

Bile canaliculi

(@) On the diagram, draw arrows to show the direction of movement of

(i)  oxygen supplied to hepatocytes 1
(i)  toxins after detoxification. [1]
(b)  Outline the function of hepatocytes in the regulation of nutrient levels. [2]

(Option D continues on page 41)
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(Option D, question 22 continued)

(c) (i) State one chronic liver disease. [
(i)  Kupffer cells are found in greater than normal amounts in patients with chronic
liver disease. State one function of Kupffer cells. [1

L

(Option D continues on the following page)
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(Option D continued)
23. Antidiuretic hormone (ADH) is a peptide hormone that regulates the levels of water in
the body. It is synthesized in the hypothalamus and stored in the posterior pituitary gland.

The scattergraph shows the relationship between the osmolarity and ADH concentration in
blood plasma.

20
16
12_ ) )
Plasma ADH / pmol I . °° o
8 1 e 4 °
oSo o .
4_ ..oo °
oeg® : ° o
o'%s': °
B L
7T T T
280 300 320

Plasma osmolarity / mOsm kg™

(@)

State the relationship between osmolarity and ADH concentration of blood plasma.

8823-6015

[1]

(b)

[3]

L

(Option D continues on the following page)
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(Option D, question 23 continued)

(c) State the reason that the posterior pituitary is considered an endocrine gland. [

(Option D continues on the following page)
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(Option D continued)

24. Cardiovascular diseases (CVDs) include diseases of the heart, vascular diseases of the
brain and other diseases of blood vessels. CVDs are responsible for over 17 million deaths
annually worldwide. The pie charts show the percentage incidences of CVDs in males

and females.
MALES FEMALES
Rheumatic Hypertension i _
To yp o Rhel;r&atlc Hype7r;}en3|on
Inflammatory Inflammatory °
y 2%

Coronary

Cerebrovascular heart disease
34% (CHD)
46%

Coronary

| heart disease
Cerebrovascular (CHD)

37%
39%

(@) Suggest one reason for the difference in the percentage incidence of coronary heart
disease (CHD) in males and females.

—44 — 8823-6015

(1]

(2]

(Option D continues on the following page)
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(Option D, question 24 continued)

(c) Describe how an electrocardiogram (ECG) can be used to show that the heart is
beating normally. [3]

(Option D continues on the following page)
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(Option D continued)

25. The graph shows the relationship between partial pressure of oxygen in air and altitude.

9000+ _
8000- Summit of Everest
7000
6000
| 50004 Highest human habitation
Altitude / m Pikes Peak
4000
3000
2000+
Denver A\
1000 ,
Ben Nevis
0 T T T 1
0 5 10 15 20
Partial pressure of oxygen in air / kPa
(a) State the effect of altitude on the partial pressure of oxygen in air. [1
(b)  Explain the consequence of high altitude for gas exchange in humans. [3]

(Option D continues on the following page)
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(Option D continued)

26.

Explain the secretion of acid into the stomach and how this can be controlled by using
medication.

[6]

End of Option D

L
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