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* Do not open this examination paper until instructed to do so.
e Section A: answer all questions.

e Section B: answer one question.

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

1.  There is increasing interest in the bacteria that live in the human gut, known as the gut
microbiota. Evidence is accumulating of widespread effects on human health, with some
species of bacteria increasing the prevalence of specific diseases and others giving protection.

Long-term diet appears to influence the numbers and types of bacteria that are present in an
individual’s gut. Several different characteristic combinations of bacteria (called enterotypes)
have been discovered. The stacked column graph shows relative amounts of different
genera of bacteria in the gut of people with four of these enterotypes. The Bacteroides 2 (B2)
enterotype is associated with an increased prevalence of inflammatory bowel disease.
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[Source: Material from: Vieira-Silva, S., Falony, G., Belda, E. et al., Statin therapy is associated with lower
prevalence of gut microbiota dysbiosis, published 2020, Nature, reproduced with permission of SNCSC.]

(@) Using the data in the stacked column graph, describe the features that characterize
the B2 enterotype.

[2]
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(Question 1 continued)

Samples of feces were collected from 40 individuals and were immediately frozen to
preserve them. The numbers of bacteria in the feces (cell counts / 10" cells g™') were later
measured and the enterotype was determined. The box plot shows this data. Each data point
shows the cell count from one fecal sample.
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[Source: Material from: Vandeputte, D., Kathagen, G., D’hoe, K. et al., Quantitative microbiome profiling links
gut community variation to microbial load, published 2017, Nature, reproduced with permission of SNCSC.]

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

(b) Estimate the median number of bacterial cells per gram of feces in the R enterotype. [
(c) Distinguish between the cell counts in the R and B2 enterotypes. [2]
(d) Comment on the data for the P enterotype. [1

L

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

Statins are drugs that are commonly prescribed to reduce cholesterol concentrations in the
blood. As part of research into the effects of statins, the enterotype and body mass index
(BMI) of 782 individuals were determined. The results are shown in the stacked graph.

Key:
B1 = Bacteroides 1

1.00

P = Prevotella
R = Ruminococcaceae
B2 = Bacteroides 2

Enterotype prevalence / stacked

BMI / kgm2

[Source: Material from: Vieira-Silva, S., Falony, G., Belda, E. et al., Statin therapy is associated with lower
prevalence of gut microbiota dysbiosis, published 2020, Nature, reproduced with permission of SNCSC.]

(e) (i) Estimate the prevalence of the P enterotype at a BMI of 50. 1

(i)  State the relationship between BMI and the prevalence of the B2 enterotype. [

(f)  Evaluate the evidence provided by the data in the graph for the hypothesis that the
R enterotype causes low BMI. [2]
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(This question continues on the following page)
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(Question 1 continued)

The 782 individuals for whom BMI and enterotype had been determined were divided into
four groups, according to whether or not they were taking statins and their BMI category. The
prevalence of the four enterotypes in each of these groups is shown as a percentage in the

pie charts.

3
> Key:
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BMI < 30 BMI = 30

[Source: Material from: Vieira-Silva, S., Falony, G., Belda, E. et al., Statin therapy is associated with lower
prevalence of gut microbiota dysbiosis, published 2020, Nature, reproduced with permission of SNCSC.]

(g) The prevalence of inflammatory bowel disease rises with increases in BMI. At any BMI
level, individuals with the B2 enterotype have a higher prevalence of inflammatory
bowel disease than with other enterotypes. Using the data in the graph, discuss
whether statins could reduce the incidence of inflammatory bowel disease.

(2]
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2. The dolichos bean (Lablab purpureus) is cultivated as a food crop in tropical countries. Leaf
cells in L. purpureus have 24 chromosomes.

(a) State how many chromosomes there would be in male or female gametes of L. purpureus. [1]

L. purpureus can have purple or white flowers. Two pure-breeding varieties were crossed:
HA 4 with white flowers and GL 424 with purple flowers. All of the F, plants had purple flowers.
The F, plants were self-pollinated to produce an F, generation. There were 97 plants with
purple flowers and 38 plants with white flowers in the F, generation.

(b)  Using a Punnett grid, explain the results of this cross. [3]

(c) Suggest a reason for the F, generation not corresponding exactly to the expected ratio
of purple-flowered and white-flowered plants. [1]
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3.  The light micrograph shows tumour tissue from a patient’s lung.

air spaces

(a) State one cause of lung cancer. [1

(b)  Suggest one difference between tissue taken from a lung cancer tumour and normal
lung tissue that might be seen in micrographs. [1

(c) The lung tumour in the light micrograph was slow-growing. Predict with a reason what
would have been visible in the micrograph if the tumour was growing rapidly. [2]

Turn over
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4. The Chinese pangolin (Manis pentadactyla) is a critically endangered species that has
declined in numbers by 80 % since 2000. It inhabits both forest and grassland, where it uses

long, powerful claws to open ant and termite nests and ingests the insects using a long,
sticky tongue.

(@) (i) State with a reason whether pangolins are autotrophic or heterotrophic. [
(i)  Explain what information is needed to find the trophic level of pangolins. [2]
(b)  Outline evidence for evolution from the limbs of mammals such as pangolins. [2]

(This question continues on the following page)
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(Question 4 continued)

(c) The cladogram shows relationships between all living species of pangolin. The
numbers on the cladogram indicate time in millions of years since divergence from a
common ancestor.

Removed for copyright reasons

(i)  State how many genera of pangolin are recognized. [1

(i)  Outline how times since divergence are estimated when cladograms
are constructed. [1
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5.  The table shows thermal properties of water and methane.
Property Freezing point/ °C | Boiling point/°C Heat capacity Heat of
/Jg'eCc’ vaporization / Jg”
Water (H,O) 0 100 4.2 3357
Methane (CH,) -182 -160 2.2 760

(@) Water molecules are polar and methane molecules are non-polar. Explain how this

difference affects the thermal properties of these substances. [2]
(b) Using the data in the table, deduce the reasons for methane being a gas on Earth. [2]
(c) Water is used as a coolant in sweat. Using the data in the table, explain the reasons for

methane not being as suitable as water for use as a coolant. [2]
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Section B

Answer one question. Up to one additional mark is available for the construction of your answer.
Answers must be written within the answer boxes provided.

6. Between 1900 and 2020 the Earth’s average surface air temperature increased by about 1°C.
Temperature affects many biological processes.

(@) Explain how temperature affects enzymes. [4]
(b)  Outline the role of the thyroid gland in helping to control body temperature in humans. [4]
(c) Describe how human activities have caused average surface air temperatures on Earth

to increase. [7]

7.  Eukaryotes are classified into kingdoms, one of which is the animal kingdom.

(@) Describe the organelles and other structures in animal cells that are visible in

electron micrographs. [7]
(b)  Explain how animal cells produce the ATP that they need. [5]
(c) Distinguish between reptiles and amphibians in terms of their recognition features. [3]
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