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

1.  The micrograph shows a human cheek cell magnified with a light microscope.

(@) Calculate the width of the cheek cell from X to Y. [1

(b)  Explain what causes the irregular shape of the cheek cells rather than the uniform
shape of plant cells. [2]

(c) Describe what would happen to the cheek cell if it was placed in a hypertonic
salt solution. (1]

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

(d) In addition to the cheek cell, the micrograph shows smaller single cells. Two of these
cells are labelled Z. Predict with a reason what the single cells could be. [

2. Draw the internal structures of a prokaryotic cell within the diagram. [3]
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3. Growth rates of marine algae can be investigated using experimental mesocosms such as
those shown.

Ulva, a green alga

Data are shown for percentage growth rates of red algae, grown in their natural environment
and using mesocosms. The conditions investigated included competition from green algae
and from elevated CO,, as well as competition from green algae combined with elevated CO,.

0.16
0.12+
Red algae
percentage growth rate 0.08-
! % growth d™
0.04 -
0.00
Natural Control Green CO, and
environment algae green

algae
Condition

(This question continues on the following page)
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(Question 3 continued)

(a) Outline the effect of elevated CO, on the percentage growth rate of the red algae. [2]

(b) Suggest a possible reason for the elevated percentage growth rates of red algae in the

mesocosms compared with the percentage growth rate in their natural environment. [
(c) State one advantage of conducting research using mesocosms. [1
(d) Explain how to set up a mesocosm in a sealed container. [3]

‘ ‘ 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. Alzheimer’s disease is a condition associated with ageing, in which there are changes to

the structure of the brain. The images show the side view and cross section of a normal brain
and a brain with advanced Alzheimer’s disease. All the images are at the same scale.

(a) Distinguish between the normal brain and the brain with Alzheimer’s disease shown in
the images. [2]

(Option A continues on the following page)
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(Option A, question 4 continued)
(b) Brain-imaging tests may be used to confirm Alzheimer’s disease. However, there are
behavioural changes that may be observed before diagnosis, including changes in
higher-order functions.

(i)  State the brain structure responsible for higher-order functions. [1

(i)  State two higher-order functions. [2]

(c) The brain of a person with Alzheimer’s disease contains abnormal protein fragments
that build up between the neurons. Another protein causes tangles within the neuron.
The image shows a neuron from a normal brain and a neuron from a brain with
Alzheimer’s disease.

o i
%) Protein tangles

Abnormal protein fragments

Neuron in a brain with

Neuron in a nhormal brain . .
Alzheimer’s disease

Predict one effect of Alzheimer’s disease on neuron function. [1

(Option A continues on the following page)
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(Option A continued)
5. Modifications of the neurons start in the earliest stages of embryogenesis.

(@) Explain the formation of the neural tube during neurulation. [3]

(b) State how neurons are initially produced. [

(c) Spina bifida is a birth defect that may occur during neurulation. Describe how this
condition occurs. [

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

6. The autonomic nervous system is one part of the peripheral nervous system.

(@) Outline the role of the autonomic nervous system. [1
(b) Identify the control centre for the autonomic nervous system. [1
(c) Outline the pupil reflex. [3]

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

7. The lips and tongue contain a high concentration of sensory receptors.

Explain how different types of sensory receptors in the mouth and lips are used to sense food.  [4]

End of Option A
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Option B — Biotechnology and bioinformatics
8.  The graph shows the expected growth curve of microorganisms in batch cultures.

A Death

phase

Exponential
phase

Stationary
phase

Logarithm of
number of viable cells

Lag phase

v

Incubation time

(@) (i)  When growing in continuous culture (rather than in batch culture), state the
growth phase where most of the microorganisms would be found. [1

(i)  Outline one advantage of maintaining the microorganisms in this growth phase. [1]

(b) Identify two conditions that must be constantly monitored to help maintain optimal

conditions within a continuous fermenter. [2]
L
2
(c) State one industrial application of a continuous fermenter. [1

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

9. Glyphosate is a powerful herbicide that is rapidly broken down by soil bacteria. In 1996,
genetically engineered glyphosate-resistant soybeans were made commercially available.

(a) Describe how glyphosate resistance is introduced into soybean crops by genetic
engineering. (3]

(b) Explain two advantages of using glyphosate-resistant soybeans. [2]

(Option B continues on the following page)
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(Option B, question 9 continued)

with glyphosate resistance planted in the United States.

(c) The graph shows the percentage of soybean (Glycine max) and corn (Zea mays) crops

2224-6006

Percentage of 5
planted crops that are
glyphosate-resistant 40

100

Soybean
80-

60

Corn
20—

OI T T T T T T T T T T T 1
2000 01 02 03 04 05 06 O7 08 09 10 11 12
Year
(i) Identify the first year when planting of glyphosate-resistant soybeans declines. [1]

Suggest one possible reason for glyphosate-resistant crops not reaching 100 %
of plantings. (1]

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

10. Many of the bacterial species that live in the mouth form biofilms that are responsible for
tooth decay. Bacteriophages are a promising treatment for control of these oral biofilms.

(@) (i) The mouth often contains large numbers of bacteria. Suggest one reason for this.  [1]

(i)  Outline how bacteria form biofilms. 1

(b) Discuss whether bacteriophages might be an effective treatment for tooth decay. [2]

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

11.  Many countries are considering the use of biofuels to reduce their dependence on fossil fuels.
Discuss the production of biogas. [4]

End of Option B
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Option C — Ecology and conservation

12. American crows (Corvus brachyrhynchos) and Common ravens (Corvus corax) belong to
the same genus but are separate species. Both are found in North America and compete
for similar resources, but the larger-bodied ravens are mostly found in rural habitats while
crows have taken over the urban areas.

American crow (Corvus brachyrhynchos) Common raven (Corvus corax)
(a) Outline two factors that may cause crows and ravens to occupy separate habitats. [2]
1. ..... 4wk .. J ........ . 8 .. ...... @8 \... S .. ...
72 . . S A [

(Option C continues on the following page)
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(Option C, question 12 continued)

(b) The graph shows the population of humans and crows in the United States between
1960 and 2010.

@® 2010
@® 2000

16 @ 1990

350

250

Crow population
x10°

Human population
x 108

Deduce whether the data in the graph show that increases in the human population

cause increases in the crow population. [2]
(c) List three factors that affect the distribution of animal species. [3]
7S
2
L

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

13. Wildfires affect more land area than any other natural disturbance. A significant consequence
of forest fire is the potential for soil erosion.

(a) After wildfires, the process of ecological succession usually occurs. State the meaning
of ecological succession. 1

(b)  Outline how wildfires increase the risk of erosion. [2]

(Option C continues on the following page)
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(Option C, question 13 continued)

(c) Inorder to investigate the status of ecological succession, suggest two factors that
could be monitored after a wildfire. [2]

(Option C continues on the following page)
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(Option C continued)
14. The diagram shows a simplified Black Sea food web.

Phyfcoplankton Zooplankton

Comb jellyfish
(Mnemiopsis leidyi)

(@) Identify two primary consumers from the food web. [1

(Option C continues on the following page)
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(Option C, question 14 continued)

(b) Inthe Black Sea, invasive comb jellies, Mnemiopsis leidyi, have been blamed for
a significant disruption in the food web. The accidental introduction of Beroe ovata,
a different species of comb jelly, drastically reduced the population of M. leidyi.
Discuss whether biological control measures, such as introducing B. ovata into
the Black Sea ecosystem, should be used. [3]

15. Discuss in situ and ex situ conservation of endangered species. [4]

End of Option C
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Option D — Human physiology
16. Intercalated discs are found in cardiac muscle.

(@) On the micrograph of cardiac muscle, label an intercalated disc. [1

(b) Outline two functions of intercalated discs. [2]

(c) The first cardiac pacemaker was developed by a Canadian scientist in 1950.
Describe how an artificial pacemaker maintains a normal heartbeat. [2]

L

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

17. Cholera is an acute intestinal disease caused by the bacterium Vibrio cholerae. It is transmitted
in contaminated drinking water or food.

(@) Explain how V. cholerae causes diarrhea. [3]

(b) State how cholera can cause death. [

18. Early scientists established the role of gastric acid while observing the process of digestion
through an open gunshot wound.

(a) Describe the control of gastric acid secretion in the stomach. [2]

(b) Suggest two reasons that people who are on proton pump inhibitor drugs may be more
at risk for some bacterial infections. [2]

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

19. The table shows the daily minimum and maximum sodium intakes for healthy individuals

—24 —

recommended by the Canadian government.

2224-6006

Age / Minimum sodium intake Maximum sodium intake
years / mg day™ / mg day™

1-3 1000 1500

4-8 1200 1900

9-13 1500 2200
14 - 50 1500 2300
51-70 1300 2300

The nutrition label may be found on a bag of potato chips.

Nutrition Label
Per 27 chips (50 g)

Amount

Energy
Fat

Saturated 1.5g

Trans O0g
Cholesterol
Sodium

Carbohydrates
Fibre 19
Sugars 3¢

Protein
Vitamin A*
Vitamin C*
Calcium*
Iron*

1130 kJ
174

e
270 mg
274

349
2%
15%
2%
4%

* Percentage daily values
based on 8400 kJ diet

(Option D continues on the following page)
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(Option D, question 19 continued)

(@) (i) Calculate the percentage of the recommended daily maximum sodium intake for

an individual aged 14-50 years who consumes 54 potato chips. [
(i)  Outline one reason for concern about the nutrition of a child who consumes a
large quantity of potato chips. [1]
(b) State a health risk that is associated with excessive sodium intake. [1
20. A 30-year-old female has a yellow discolouration of her skin and the whites of her eyes.
She is diagnosed with jaundice. Explain the possible causes and consequences of jaundice. [4]

End of Option D
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