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1 The diagram shows part of a xylem vessel.

What is the function of the spiral structure at X?

A absorption

B photosynthesis

C support

D transport

2 The diagram shows an animal cell.

Some processes that take place in the cell are listed.

1 aerobic respiration

2 formation of polypeptides

3 transport of proteins

4 synthesis of fats

Which row in the table gives the correct match between the labelled parts of the cell and 
its function?

W X Y Z

A 1 3 4 2

B 1 4 2 3

C 4 2 1 3

D 4 3 2 1

X

X

W

Y

Z



Anglo-Chinese School (Barker Road)

Preliminary Examination 2020                                               Secondary 4 Express
Biology 6093/1

3

3 The diagram shows the appearance of some petioles that have been split longitudinally 
into two halves and immersed in different concentrations of sucrose solution. Petiole 1 
represents the appearance of a freshly split petiole.

Which row shows the petioles in ascending order with respect to the concentration of 
the sucrose solution in which the petioles have been immersed?

A 3, 4, 2, 5

B 3, 5, 2, 4

C 5, 2, 4, 3

D 5, 3, 4, 2

4 Which row is correct for active transport?

movement of substances occurrence

A high concentration to low concentration dead cells

B high concentration to low concentration living cells

C low concentration to high concentration dead cells

D low concentration to high concentration living cells

1                         2                        3

4                         5
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5 Some statements about enzymes are listed.

1 The active site is on the enzyme.

2 They act as biological catalysts.

3 They are only used for the breaking down of complex organic compounds 
into simple and diffusible forms.

4 They are required in small quantities as they can be reused.

5 They are very stable to pH changes.

6 They lower the activation energy of a reaction by providing an additional 
source of energy.

Which statements about enzymes are incorrect?

A 1, 3, 6 only

B 1, 4, 5 only

C 2, 4, 6 only

D 3, 5, 6 only

6 2 cm3 of amylase solution is added to 5 cm3 starch solution which is kept in a water bath 
maintained at 70 ºC. The mixture is then cooled down from 70 ºC to 10 ºC. 

Which graph shows the change in the reaction rate of the enzyme in the mixture?

A

temperature ( C)

reaction 
rate

temperature
70        40            10

B

temperature ( C)

reaction 
rate

temperature
70        40            10

C

temperature ( C)

reaction 
rate

temperature
70        40            10

D

temperature ( C)

reaction 
rate

temperature
70        40            10
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7 The table shows the results of tests carried out on a food item.

test result

biuret test purple colour

Benedict's solution blue colour

emulsion test white emulsion

iodine solution blue-black colour

What was present in the food?

A fat and reducing sugar only

B fat, protein and starch only

C fat, reducing sugar and starch only

D protein, reducing sugar and starch only

8 How will carbohydrates, fats and protein digestion be affected if a patient has his gall 
bladder removed?

carbohydrate fat protein

A normal normal normal

B normal slower normal

C slower normal normal

D slower slower slower
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9 The diagram shows the liver and some associated structures.

Which row shows the relative concentration of carbon dioxide and glucose?

carbon dioxide glucose

A 1 > 2 > 3 2 > 3 > 1

B 1 > 2 > 3 3 > 1 > 2

C 1 > 3 > 2 1 > 3 > 2

D 1 > 3 > 2 3 > 1 > 2

10 Which section of the diagram represents the effects of excessive alcohol consumption 
on the body?

vena cava aorta

liver

pancreas

part of small 
intestine

part of small 
intestine

3

21

causes
liver

damage A

C

A
reduces

self-
control

CC

speeds up
reaction

time

B
D
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11 The diagram shows the transverse section of a leaf.

Which of the following is not a function of structure X?

A It confines water loss to limited openings on the leaf surface.

B It gives rise to new epidermal cells when the old ones die out.

C It minimises the entry of bacteria and fungi.

D It protects the inner cells from drying out.

12 The diagram shows the effects of light intensity on the rate of photosynthesis.

What are the limiting factors at X and Y respectively?

X Y

A carbon dioxide concentration carbon dioxide concentration

B carbon dioxide concentration light intensity

C light intensity carbon dioxide concentration

D light intensity light intensity

rate of 
photosynthesis

light intensityX Y

X
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13 The diagram shows three types of blood vessels (not drawn to scale).

Which row describes features of each vessel?

fluid can pass through 
wall

fluid under high 
pressure

least resistance to flow 
of fluid

A 1 2 3

B 2 1 3

C 3 1 2

D 3 2 1

14 The diagram shows the pressure changes in the left side of the heart.

What is the ratio of the duration of atrial systole to atrial diastole?

A 0.1 : 0.3

B 0.1 : 0.7

C 0.1 : 0.8

D 0.7 : 0.1

pressure / 
kPa

key

ventricular
pressure

atrial
pressure

time / s

0  0.1  0.2  0.3  0.4  0.5  0.6  0.7  0.8  0.9  1.0

1                              2                              3
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15 Several plant roots were soaked for 24 hours in a metabolic poison that is known to 
affect the activity of mitochondria. 

What is the expected impact on the absorption of mineral salts and water in the roots?

absorption of mineral salts absorption of water

A becomes slower becomes slower

B becomes slower no impact

C no impact becomes slower

D no impact no impact

16 The diagram shows a potometer.

What is expected to occur after the leafy shoot is exposed to hot, windy conditions for 
one hour?

A The air bubble in the capillary tube increases in size.

B The air bubble in the capillary tube moves away from the leafy shoot.

C The air bubble in the capillary tube moves towards the leafy shoot.

D The volume of water in the reservoirs falls.

17 In which order would a molecule of carbon dioxide pass through these structures as it 
left the body?

A alveolus bronchiole bronchus larynx trachea

B alveolus bronchiole bronchus trachea larynx

C larynx trachea bronchus bronchiole alveolus

D trachea larynx bronchus bronchiole alveolus

leafy shoot

reservoir
ruler

water             capillary tube    air bubble

reservoir
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18 Which row is correct regarding effects of chemical in tobacco smoke on human health?

chemical causes increased risk
of

A nicotine makes blood clot easily emphysema

B nicotine paralyses cilia lining chronic bronchitis

C tar makes blood clot easily chronic bronchitis

D tar paralyses cilia lining emphysema

19 The graph shows the concentration of lactic acid in the blood of an athlete.

During which period of time was the athlete exercising?

A period P

B period Q

C period R

D period P & Q

P      Q                                      R

time

co
nc

en
tra

tio
n 

of
 la

ct
ic

 a
ci

d
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20 The diagram shows a nephron and its associated blood vessels.

Which vessel will have the highest blood pressure?

21 A drug has been found to inhibit the effects of anti-diuretic hormone (ADH).

What would be the consequence of administering this drug to a healthy person?

A A smaller volume of urine would be produced.

B More proteins would be present in the urine.

C The person will become dehydrated.

D The urine produced will be more concentrated.

C

A

B

D
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22 An engineer has been tasked to improve the efficiency of the dialysis machine shown in 
the diagram.

He has made the following list of recommendations:

1 increase length of the dialysis tubing by coiling it

2 increase rate at which dialysis fluid is replaced

3 increase thickness of the dialysis tubing

Which recommendation(s) will improve the process of dialysis?

A 1 and 2 only

B 1, 2 and 3

C 2 and 3 only

D 3 only

dialysis fluid out blood 
returning 
to patient

blood from 
patient

dialysis 
fluid indialysis tubing

(partially permeable)
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23 The diagram shows a section through human skin.

Which structures detect changes in skin temperature and secrete a dilute solution of 
sodium chloride and urea?

detects changes in skin 
temperature

secretes a dilute solution of sodium 
chloride and urea

A 2 1

B 2 4

C 3 1

D 3 4

24 The dorsal root ganglion of a spinal nerve contains

A both sensory neurones and motor neurones.

B cell bodies of the sensory neurones.

C cerebrospinal fluid.

D synapses between neurones.

1
2

3

4
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25 The diagram shows the cross section of the spinal cord and the nervous supply to the 
arm of a man. Cuts are made at P, Q and/or R. He is able to feel the bee sting but is 
unable to move his hand away.

Which row describes the state of P, Q and R?

P Q R

A cut cut cut

B cut not cut not cut

C not cut cut cut

D not cut not cut not cut

26 Which row describes the ciliary muscle, suspensory ligament and lens when a person 
looks at a distant object?

condition of ciliary 
muscle

tension in suspensory 
ligament

convexity of the lens

A contracts decreases more convex

B contracts increases less convex

C relaxes decreases more convex

D relaxes increases less convex
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27 Adrenal gland produces a hormone which is 

A discharged through ducts to the target organs.

B released into the alimentary canal.

C transported along the nerve fibres throughout the body.

D transported by blood vessels throughout the body.

28 What is the route taken by a pollen tube upon successful pollination of a flower?

A anther stigma ovary

B stigma anther ovule

C stigma style ovary

D style stigma ovule

29 A plant was enclosed within a plastic bag for two week. At the end of the two weeks,
fruits were still able to develop from the flowers on the plant. 

Which statement would not explain the observation?

A The anthers and stigmas of the flowers on this plant mature at different times.

B The flowers were already pollinated before the plant was enclosed in the 
plastic bag.

C The flowers were bisexual.

D There are separate male and female flowers on the plant.
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30 The diagram shows two plants of the same species.

Which arrow represents a type of pollination that would result in greater adaptability of 
this particular species to potential environmental changes?

31 During the fertile period of a menstrual cycle, which changes are occurring to the uterus 
wall and to the concentration of estrogen and progesterone in the blood?

uterus wall concentration of 
estrogen

concentration of 
progesterone

A breaking down falling falling
B breaking down rising rising
C thickening falling rising
D thickening rising falling

A

C

B

D
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32 The diagram represents part of the female reproductive system.

Where do fertilisation, implantation and ovulation occur?

fertilisation implantation ovulation

A P Q R

B P R Q

C Q R Q

D R Q R

33 Some statements about cell division is listed.

1 A furrow begins to form in the middle of the cell.

2 The chromosomes begin to separate the centromeres of all the 
chromosomes.

3 The chromosomes line up along the middle of the spindle fibres.

4 The separated chromosomes are slowly pulled towards opposite poles with 
the centromere leading the way.

Which statements regarding anaphase are true?

A 1 and 2 only

B 1 and 3 only

C 2 and 4 only

D 3 and 4 only

P                        Q                              R
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34 Some statements about mitosis is listed.

1 Each cell of a multicellular organism has exactly the same kinds of 
chromosomes as those in every other cell.

2 It ensures that each daughter cell will receive exactly the same number of 
chromosomes as the parent cell.

3 It proceeds without any control system to guide it.

Which statements describe the significance of mitosis?

A 1 and 2 only

B 1, 2 and 3

C 1 and 3 only

D 2 and 3 only

35 Which statement regarding the structure of DNA is not true?

A A DNA molecule has a sugar-phosphate backbone.

B A DNA molecule is made up of nucleotides.

C DNA consists of two polynucleotide chains coiled around each other.

D DNA has 4 bases, which are adenine, guanine, cytosine and uracil.

36 Which of the following does not describe a gene?

A a sequence of nucleotides that controls the formation of a single polypeptide

B a small segment of DNA that controls a particularly characteristic in an organism

C a small segment of DNA that produces enzymes and hormones

D it is a unit of inheritance and consists of a pair of alleles
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37 Some possible descriptions of a transgenic plant is listed.

1 It is a plant with cells containing genes from another plant of a different 
species.

2 It is a plant with cells containing genes from another plant of the same 
species.

3 It is a plant with tissues grafted from another plant of a different species.

4 It is a plant with tissues grafted from another plant of the same species.

Which statements are correct?

A 1 and 2 only

B 1 and 3 only

C 2 and 4 only

D 3 and 4 only

38 A couple has two children where one has blood group A and the other blood group O.

If the mother’s blood group is B, what is the blood group genotype of the father?

A IAIB

B IAIO

C IBIO

D IOIO

39 Which of the following regarding natural selection is incorrect?

A It occurs when breeders mate different breeds of animals.

B Organisms that survive will pass down their genes over generations.

C Selection occurs when natural environmental conditions changes.

D Variations are caused by mutations.

40 Which statement is incorrect regarding the variation of height among students in a class?

A Different combination of alleles causes changes in height among the students.

B Environmental factors can influence the height of the students.

C The height of students is continuous variation.

D The variation is caused by genetic factors only.
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SECTION A

Answer all questions.

Write your answers in the spaces provided.

1 Fig. 1.1 shows some mature human and plant cells.

Fig. 1.1

(a) State two ways in which the structures of cell C differ from cell E.

1 ………………………………………………………………………………………………

………………………………………………………………………………………………...

2 ………………………………………………………………………………………………

………………………………………………………………………………………………...
[2]

(b) Explain how cell A is adapted to its function.

………………………………………………………………………………………………...

………………………………………………………………………………………………...

………………………………………………………………………………………………...
[2]

E
F

A                     B                         C                           D
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(c) Both cell D and cell F possess cellular extensions. 

Explain how these cellular extensions are adapted to the function of each cell.

………………………………………………………………………………………………...

………………………………………………………………………………………………...

………………………………………………………………………………………………...
[2]

(d) If cell C has 46 chromosomes, state the number of chromosomes in each of the 
following cells.

cell A ……………………………..

cell B ……………………………..

cell D ……………………………..
[3]

[Total: 9]
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2 A green plant had been kept in darkness for two days. Five leaves labelled A to E were 
removed from the plant. 

The five leaves were treated in darkness for another two days. Fig. 2.1 shows the 
treatment of these five leaves. 

leaf A leaf B leaf C leaf D leaf E

no treatment distilled water 5% sucrose 
solution

under surface 
in contact with 
5% sucrose 

solution
(petiole 

removed)

under surface 
in contact with 
5% sucrose 

solution
(petiole 

removed)

Fig. 2.1

After two days these leaves are tested with iodine solution. Fig. 2.2 shows the results of 
the test with iodine solution for these five leaves.

leaf A leaf B leaf C leaf D leaf E

Fig. 2.2

(a) State and explain the purpose of leaf A in this experiment.

………………………………………………………………………………………………...

………………………………………………………………………………………………...
[1]

in vacuum

brown brown brown

blue
black

blue black brown
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(b) State and explain the conclusions that can be drawn by comparing the results of 
leaves B and C.

………………………………………………………………………………………………...

………………………………………………………………………………………………...

………………………………………………………………………………………………...

………………………………………………………………………………………………...
[3]

(c) If leaf D was allowed to float with its upper surface instead of under surface in contact 
with the 5% sucrose solution, predict and explain the result expected.

………………………………………………………………………………………………...

………………………………………………………………………………………………...

………………………………………………………………………………………………...
[2]

(d) With reference to Fig. 2.1 and Fig. 2.2, state and explain the conclusion that can be 
made by comparing leaves D and E.

………………………………………………………………………………………………...

………………………………………………………………………………………………...

………………………………………………………………………………………………...
[2]

[Total: 8]
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3 Fig. 3.1 shows a human heart in which the coronary arteries are partially blocked. It is 
remedied by a coronary by-pass operation. This involves grafting sections of vein from the 
patient’s leg to the heart.

Fig. 3.1

(a) Name A and B on the diagram.                                                                               [2]

(b) Explain how blockages in coronary arteries affect the heart’s ability to work.

………………………………………………………………………………………………...

………………………………………………………………………………………………...

………………………………………………………………………………………………...
[2]

(c) Suggest why a blockage at X will have more serious consequences than one 
occurring at Y.

………………………………………………………………………………………………...

………………………………………………………………………………………………...
[1]

(d) Suggest why a coronary by-pass is preferable to a heart transplant operation.

………………………………………………………………………………………………...

………………………………………………………………………………………………...
[1]

(e) State one habit which might account for an increased risk of heart attack.

………………………………………………………………………………………………...

………………………………………………………………………………………………...
[1]

[Total: 7]

A ………………………….

B ………………………….

X

blockage at Y

coronary artery

vein graft from 
blood vessel A

to a coronary 
artery
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4 Fig. 4.1 shows a flower and the female reproductive system of humans.

Fig. 4.1

(a) State and explain how the flower in Fig. 4.1 is pollinated.

………………………………………………………………………………………………...

………………………………………………………………………………………………...

………………………………………………………………………………………………...

………………………………………………………………………………………………...
[3]

Fig. 4.2 shows two types of pollen grain taken at the same magnification.

          

pollen grain P pollen grain Q

Fig. 4.2

(b) State and explain which type of pollen grain, P or Q, is more likely to belong to the 
flower in Fig. 4.1.

………………………………………………………………………………………………...

………………………………………………………………………………………………...

………………………………………………………………………………………………...
[2]

E

F

G

A

B
C

D
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(c) Using the letters in Fig. 4.1, for each of the following parts of the female reproductive 
system, state the corresponding part in the flower, and state their common function 
in reproduction.

E

corresponding part in the flower………………………

function ………………………………………………………………………………………

………………………………………………………………………………………………...

F

corresponding part in the flower ………………………

function ………………………………………………………………………………………

………………………………………………………………………………………………...
[4]

(d) Name one contraceptive method which can be used outside G.

Explain how this method works.

………………………………………………………………………………………………...

………………………………………………………………………………………………...

………………………………………………………………………………………………...
[2]

[Total: 11]
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5 Fig. 5.1 shows the different stages of cell division in the human ovary labelled A to G.

Fig. 5.1

(a) Using the letters in Fig. 5.1, arrange the stages of cell division in their correct 
sequence.

………………………………………………………………………………………………...
[1]

(b) (i) Name the type of cell division illustrated in Fig. 5.1.

………………………………………………………………………………………….
[1]

(ii) With reference to Fig. 5.1 only, give two reasons to support your answer in
(b)(i).

………………………………………………………………………………………….

………………………………………………………………………………………….

………………………………………………………………………………………….
[2]

(c) Name the biological term used to describe the state of the cells in stages D and G
with respect to the number of chromosomes in their nucleus.

D ….……………………………

G …..….……………………….
[1]

(d) Account for the difference in appearance between the chromosomes in stages G and 
F.

………………………………………………………………………………………………...

………………………………………………………………………………………………...
[1]

[Total: 6]

G

F

E

D C

A

B

ovary
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6 Fig. 6.1 shows a family pedigree tree for the inherited condition hypercholesterolaemia
caused by a mutation. Children who inherit the dominant mutant allele from both parents 
rarely survive beyond puberty.

Fig. 6.1

(a) (i) State the probability that Individual 1 and Individual 2 will have a son who is 
unaffected by hypercholesterolaemia.

………………………………………………………………………………………….
[1]

(ii) Explain why Individual 1 and Individual 2 survive beyond puberty even though 
they are affected.

………………………………………………………………………………………….

………………………………………………………………………………………….
[1]

(iii) State the probability that Individual 1’s and Individual 2’s first child will survive 
beyond puberty. Show your genetic diagram in the space provided below.

probability ………………..
[3]

1 2

?

key

affected male

unaffected male

affected female

unaffected female
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(b) Fig. 6.2 shows the chromosomes of a person.

Fig. 6.2

(i) State and explain the gender of the person from whom these chromosomes 
were taken.

………………………………………………………………………………………….

………………………………………………………………………………………….
[1]

(ii) This person suffers from a disease due to chromosomal mutation. 

State what is unusual about the chromosomes.

………………………………………………………………………………………….

………………………………………………………………………………………….
[1]

(iii) State two factors thought to increase the chances of such a mutation taking 
place.

………………………………………………………………………………………….

………………………………………………………………………………………….
[2]

[Total: 9]
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SECTION B

Answer all questions.

7 Despite the extremely low temperatures of the Antarctic sea, several species of seals are 
well adapted to living in such a harsh environment.

(a) Data was collected on some physical features of seals and compared with equivalent 
data from humans.

The data is given in Table 7.1.

Table 7.1

feature human seal

average mass / kg 70 70

average body temperature / °C 37 37

average O2 consumption / kg/h 0.20 0.75

average body fat / % 22 55

From the data provided, explain how seals are better adapted to live in extremely 
low temperatures than humans.

………………………………………………………………………………………………...

………………………………………………………………………………………………...

………………………………………………………………………………………………...

………………………………………………………………………………………………...

………………………………………………………………………………………………...
[3]

(b) Temperature readings were taken at a number of locations at the surface and inside 
the body of a seal in water at 0 °C. 

Table 7.2 shows the results of the temperature reading.

Table 7.2

distance from 
skin surface / mm 0 5 10 15 20 25 30

body temperature 
/ °C 2 3 6 10 14 18 22

On the grid on the next page, plot a graph of body temperature against distance from 
skin surface.
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[4]

(c) Use your graph to estimate the temperature of cells found at 8 mm from the skin 
surface of the seal in water at 0 °C. Show how you obtained your answer.

…………………………………………..…………………………………………………….
[1]

(d) Explain the advantage low skin temperature provides when the seal is in near-
freezing waters.

…………………………………………..…………………………………………………….

…………………………………………..…………………………………………………….

…………………………………………..…………………………………………………….

…………………………………………..…………………………………………………….
[2]
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(e) Seals spend part of the day lying in the sun. In this situation, a seal faces a potential 
problem of overheating. Fig. 7.1 shows the arrangement of blood vessels in the body 
of a seal. 

Fig. 7.1

Describe and explain how blood would flow through capillary network X and capillary 
network Y when the seal is in the sun to minimise the risk of overheating.

………………………………………………………………………………………………...

………………………………………………………………………………………………...

………………………………………………………………………………………………...
[2]

[Total: 12]
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8 (a) Describe the pupil reflex in response to bright light.

………………………………………………………………………………………………...

………………………………………………………………………………………………...

………………………………………………………………………………………………...

………………………………………………………………………………………………...

………………………………………………………………………………………………...

………………………………………………………………………………………………...

………………………………………………………………………………………………...

………………………………………………………………………………………………...

………………………………………………………………………………………………...

………………………………………………………………………………………………...

………………………………………………………………………………………………...

………………………………………………………………………………………………...
[4]

(b) Describe how high blood glucose concentration is brought back to normal levels.

………………………………………………………………………………………………...

………………………………………………………………………………………………...

………………………………………………………………………………………………...

………………………………………………………………………………………………...

………………………………………………………………………………………………...

………………………………………………………………………………………………...

………………………………………………………………………………………………...

………………………………………………………………………………………………...

………………………………………………………………………………………………...

………………………………………………………………………………………………...

………………………………………………………………………………………………...

………………………………………………………………………………………………...
[4]

[Total: 8]
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9 (a) Describe the structure of a villus and its role in absorption of digested food substances.

………………………………………………………………………………………………...

………………………………………………………………………………………………...

………………………………………………………………………………………………...

………………………………………………………………………………………………...

………………………………………………………………………………………………...

………………………………………………………………………………………………...

………………………………………………………………………………………………...

………………………………………………………………………………………………...

………………………………………………………………………………………………...

………………………………………………………………………………………………...

………………………………………………………………………………………………...

………………………………………………………………………………………………...

………………………………………………………………………………………………...

………………………………………………………………………………………………...

………………………………………………………………………………………………...
[5]
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(b) Describe how carbon dioxide is transported from the tissues to the lungs.

………………………………………………………………………………………………...

………………………………………………………………………………………………...

………………………………………………………………………………………………...

………………………………………………………………………………………………...

………………………………………………………………………………………………...

………………………………………………………………………………………………...

………………………………………………………………………………………………...

………………………………………………………………………………………………...

………………………………………………………………………………………………...

………………………………………………………………………………………………...

………………………………………………………………………………………………...

………………………………………………………………………………………………...

………………………………………………………………………………………………...

………………………………………………………………………………………………...

………………………………………………………………………………………………...

………………………………………………………………………………………………...
[5]

[Total: 10]
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