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26.	 Which of these structures is most likely to be the effector in a pain reflex arc?

A.	 Grey matter

B.	 Skeletal muscle

C.	 Motor neuron

D.	 Pineal gland

27.	 Which cell type is part of the innate immune system?

A.	 Phagocytes

B.	 B-lymphocytes

C.	 T-lymphocytes

D.	 Helper T-cells

28.	 Which chemical causes positive feedback to ensure rapid ripening of fruit?

A.	 Auxin

B.	 Cytokinin

C.	 Epinephrine

D.	 Ethylene
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27.	 The diagram shows stages in an immune response.

X

Y

Z

What is represented by labels X, Y and Z?

X Y Z

A. helper T-cell antibody plasma cell

B. B-cell antigen memory B-cell

C. helper T-cell antigen plasma cell

D. B-cell antibody memory B-cell

28.	 What is a reason for the ineffectiveness of antibiotics against viruses?

A.	 Viruses have genes for antibiotic resistance.

B.	 Viruses do not have cell membranes.

C.	 Antibiotics are only effective against archaea.

D.	 Antibiotics target metabolic processes.

29.	 What correctly describes the action of auxin in phototropism?

A.	 Auxin efflux carriers actively transport auxin in and out of cells.

B.	 Auxin promotes hydrogen ion secretion into the cytoplasm.

C.	 Auxin efflux carriers are positioned in the plasma membrane on one side of the cell.

D.	 Auxin breaks beta-glucose links in the cell wall.
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Section A

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

1.	 Bumblebees (Bombus terrestris) are insects that have both individual and social learning capacities. 
Scientists trained individual bumblebees to push either a blue tab or a red tab on a puzzle box to 
rotate the lid, exposing a reward consisting of a sucrose solution.

Red tab Blue tab

Sucrose hidden

Red tab

Blue tab
Sucrose exposed

Individual trained bumblebees were then mixed with untrained bumblebees to determine 
if the trained ones could teach the untrained ones how to expose the sucrose solution. 
All groups had the same number of bumblebees.

Experimental groups:
•	 B: 1 bumblebee trained to open the blue tab plus untrained bumblebees
•	 R: 1 bumblebee trained to open the red tab plus untrained bumblebees
•	 C (control): no trained bumblebees, only untrained bumblebees

The bumblebees in each group were allowed to try and open the puzzle box.
Untrained bumblebees were considered to have become “learners” when they opened 
the puzzle box twice. 

(This question continues on the following page)
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4.	 The light micrograph shows xylem vessels.

(a)	 Outline two adaptations of xylem vessels for water transport.� [2]
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(b)	 Explain how water is transported from the soil to the leaves when high humidity 
prevents transpiration.� [3]
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5.	 Adaptive immunity leads to cells that are infected by viruses being killed, resulting in 
immune memory which is the basis of vaccination.

(a)	 Distinguish between innate and adaptive immune response.� [1]
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(Question 5 continued)

The graph shows the magnitude of the immune response after infection or after vaccination 
over time.

Primary infection
or vaccination

Secondary infection
or primary infection 
following vaccination

Time

Magnitude

Key:
T cells
antibodies

(b)	 Explain reasons that the T-cells peak before the antibodies after primary infection 
or vaccination, but T-cells peak at the same time as the antibodies after secondary 
infection or primary infection following vaccination.� [2]
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(c)	 Different types of vaccine are used to prevent viral diseases. Justify this statement in 
terms of the structure of viruses.� [2]
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28.	 Which function is primarily associated with helper T-cells in the immune system?

A.	 Phagocytosis of pathogens

B.	 Activation of other cells in the immune system

C.	 Antibody production

D.	 Retention as memory cells

29.	 Oogenesis and spermatogenesis produce gametes. What is the sequence of events in 
gamete formation?

A.	 Mitosis → differentiation → meiosis → cell growth

B.	 Meiosis → differentiation → mitosis → cell growth

C.	 Mitosis → cell growth → meiosis → differentiation

D.	 Meiosis → cell growth → mitosis → differentiation

30.	 The pedigree chart shows the incidence of colour blindness in three generations of a family. 
Colour blindness is caused by a sex-linked recessive allele.

Key:

affected female

non-affected female

affected male

non-affected male
Z

What could the genotype of individual Z be?

A.	 XBXB only

B.	 XBXb only

C.	 XBXB or XBXb

D.	 XbXb or XBXb
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25.	 The diagram shows the human heart.

I

IV

III
II

After oxygen has been released from a red blood cell in the brain, which sequence shows the path 
taken by this red blood cell through the heart before it reaches the aorta?

A.	 I → II → III → IV

B.	 IV → III → II → I

C.	 II → I → IV → III

D.	 IV → III → I → II

26.	 Which of the following will cause the production of antibodies during an infection?

A.	 Conversion of fibrinogen to fibrin by thrombin

B.	 B-cell activation by helper T-cells and antigens

C.	 Plasma cell activation by platelets

D.	 Activation of phagocytes by infected body cells
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29.	 Which cell is a component of the innate immune system?

A.	 T lymphocyte

B.	 Phagocyte

C.	 B lymphocyte

D.	 B memory cell

30.	 How would the body respond to a rise above normal body temperature?

Type of feedback Response

A. positive increased secretion from sweat glands

B. positive spread limbs to increase surface area

C. negative vasodilation of skin blood vessels

D. negative shivering

31.	 Female grasshoppers have XX sex chromosomes and males have XO, signifying a single X 
chromosome. An X chromosome will be present in only half of the male gametes. A recessive 
mutation is induced by radiation in the X chromosome of a male. In which generation will the effect 
of this radiation appear?

A.	 F1 females

B.	 F1 males

C.	 F2 females

D.	 F2 males
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Section B

Answer two questions. One additional mark is available for the construction of your answers for each 
question. Answers must be written within the answer boxes provided.

8.	 �There are a number of advantages to specificity.

(a)	 Explain how vaccination can result in specific immunity to a viral disease.� [7]

(b)	 Outline the role of membrane proteins in the movement of specific ions at specific 
times in the transmission of nerve impulses.� [4]

(c)	 Describe the barriers that exist to hybridization between species.� [4]

9.	 Various mechanisms can lead to inhibition in biological systems. A toxin is a substance 
capable of disrupting metabolic processes in organisms.

(a)	 Describe how toxins such as DDT might concentrate in the bodies of birds.� [4]

(b)	 Toxins often act as inhibitors. Compare and contrast competitive and non-competitive 
enzyme inhibition.� [7]

(c)	 Rotenone is a naturally occurring toxin that blocks the electron transport chain in 
insects and fish. Outline the consequences of exposure to a toxin like rotenone for 
cell respiration.� [4]

10.	 Changes in the form of biological molecules lead to changes in their function.

(a)	 Outline the role of UV radiation as a mutagen.� [4]

(b)	 Explain how the function of DNA is linked to its molecular structure.� [7]

(c)	 Describe the use of gene knockout technology in research.� [4]
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