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1 The diagram shows a female reproductive system.

- X
- W
Z
o
Which correctly identifies the labelled parts?
cell tissue organ organ system

A w Y X Z
B X Z Y w
C X Y W Z
D Z W Y X

2 The diagram shows a bacteria cell.

chromosome

cell wall

flagellum

Which statement is true?

A Both bacteria and root hair cells do not have nuclear membrane surrounding the nucleus.
Both bacteria and root hair cells do not have nucleus.
Root hair cell contains golgi apparatus but bacteria cell does not.

= B

Root hair cell contains chloroplasts but bacteria cell does not.
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The stalk of a water spinach (jpomoea aquatica) has a hollow centre. Four pieces of the stalk are
cut and placed in four sucrose solutions of different water potential for one hour.

thick walled

hollow centre Outer celis

of stalk
& ——— D """"""

cuts — ™ thin walled
inner calls

Which diagram shows the piece that is placed in the sucrose solution with higher water potential
than cell sap?

: o
——
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Five pieces of potatoes were placed in sucrose solutions of different concentrations. The change
in the length of each potato strip was measured and recorded. The results are shown in the

graph.

$
+ N
percentage IRann ' _ concentration of
change in length 0 0.1 10,2 0.3 0.4 sugar solution /
of potato G WAAREA ) : mol dm*
S "ﬂlﬂu
X
i 4
1 i
4
Which statement is true?
A The concentration of the potato cell sap is 0.15 mol/dm®.
B There is no movement of water molecules into and out of the potato cells at 0.15 mol/dm?.
Cc The potato cells are always losing water to the sucrose solution.
D Two of the potato strips cells had a higher water potential than the sucrose solution.

The diagram shows an experiment to investigate the action of lipase on 5.0 g of fats. After 30 '-
minutes at a water bath of 20°C, half of the fats were digested. The test tube was then placed in
a water bath at 80°C for another 30 minutes.

Lipase solution

5.0 g of fats

How much fats would be left in the test tube?

A 00g
B 20g
c 25¢g
D 50g
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Some statements about the active site are listed.

1 It accounts for the specificity of the enzyme.

2 It can be used a few times only.

3 it is altered irreversibly when exposed to high temperature beyond its optimum.
4 it helps to lower the activation energy needed in a chemical reaction.

Which statements are correct?

A 1 and 3 only
B 2 and 4 only
Cc 1,3and4
D 2,3and 4

The graph shows the energy level during the breakdown of hydrogen peroxide into water and
oxygen, in the presence and absence of catalase enzyme.

energy level

with enzyme water and oxygen

g time

What is the difference in activation energy of the reaction when the enzyme catalase is present
as compared to when it is absent?
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The diagram shows the organs associated with the digestive system.

(=N

Y

D }\

i 2|
iy -—

Which structure does not move its contents by peristalsis?
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Refer to the diagram below for question 9 and 10.

The diagram shows the digestion, absorption and assimilation of molecule N. It also shows the
formation of its waste product, molecule F.

tarbohydrate
alimentary ™ E N\
canal molecule N
f/
»
v
enzyme M

blood
vessel X

molecule F
excreted via

mofecule P the kidneys
9 Which correctly identifies the labelled parts?
M N P
A amylase starch glucose
B amylase maltose sucrose
Cc pepsin protein amino acids
D protease polypeptide amino acids
10 Which correctly identifies the labelled parts?
E F X
A glucose urea hepatic portal vein
B glycogen urea hepatic portal vein
c glycogen urea hepatic vein
D glucagon Mineral salts hepatic vein
Partned e84 R{FRELIM/2021 [Turn Over
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The graph shows the effect of changing light intensity on the rate of carbon dioxide absorbed or
released by green plants.

rate of carbon dioxide taken in

(arbitrary units)
1
3
2
1
0 >
;e Y light intensity
i (arbitrary units)
2 X

rate of carbon dioxide released (arbitrary units)
Which statement(s) is / are incorrect?
| Between X and Y, the rate of respiration is higher than the rate of photosynthesis.

I Between Y and Z, the rate of photosynthesis is higher than the rate of respiration.
Il There is no respiration taking place at Y.

A | only

B ill only

C | and Il only
D I and lll only

Which statement best explains why transpiration occurs?

A Carbon dioxide can enter a leaf only if the stomata are open, so water vapour diffuses out
and is lost.
B Photosynthesis only uses water produced by respiration, so all the water supplied by the

roots is lost through the stomata.

c So that the plant can transport amino acids and mineral salts.
D So that the water produced from chemical reactions can be excreted.
Parf SRR 2021
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The graph shows stomatal opening in the leaves of a Teak plant over a 24-hour period.

80
percentage of 60+
stomata that
are open 40+
20
A
0

100 Jjight e dark ——mmttm figght —

' ¥ T T 1 1 | 1
1500 1600 2100 00aD 0300 0600 0909 1200 1500
time of day

What can be concluded from the graph?

A

B
Cc
D

Gaseous exchange occurs only when stomata are open.

Rate of transpiration is much higher during the dark period.

The percentage of stomata that are open increases as the light intensity increases.
The percentage of stomata that are open increases as temperature increases.

The diagram shows a cell extracted from part of a plant.

Which feature shows that this is a palisade cell?

A

B
c
D

a large vacuole to store more cell sap

numerous chloroplasts to absorb more sunlight

numerous ribosomes to synthesize more proteins to make more chlorophyll
thickened cell wall to protect against the strong sunlight
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15 A sample of blood is taken from a patient and a few drops of the blood are placed onto a petri
dish. The drops of blood are then tested with serum containing antibodies a and b. The results of
the test are shown below.

serum with antibodies a serum with antibodies b

blood samples

Which of the following is a correct conclusion on the blood type of the patient?

A His blood type is AB."
He can donate blood to another person who has blood type AB.
His red blood cells contain antigen B.

o0 m

His red blood cells do not have any antigens.

16 The graph shows the pressure changes in the left atrium, left ventricle and in the aorta in one
complete cardiac cycle.

At which point does the aortic vaive close?

jeft ventricle
pressure
/kPa left atrium
aorta
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17 The photomicrograph shows part of a cross section of a plant stem,

What structure contains companion cells?

18 The graph shows the changes in the concentration of oxygen and lactic acid in the blood of the
person as he exercises.

oxygen
=
Concentration /
arbitrary units o
-
I = lactic acid
1 2 3 4 5
time / minutes
Which statement can you conclude from the graph?
A The person exercised for only 2.3 minutes.
B The person starts exercising at 2.5 minutes.
Cc The person undergoes only anaerobic respiration from 2.2 minutes onwards.
D The stimuius for breathing is carbon dioxide.
PartneSRES4HRIFRELIM/2021 [Turn Over
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19 The graph shows how the pressure and volume in the lungs change during one complete breath.
At which point are the muscles of the diaphragm starting to relax?

F 3
B
- p"'f“"'hr
2:5‘“ E f* “\'\k c
Wme g % ;'"*"‘w
volume of \\;‘{ Y .o” . pressure
lungs/dm’ f x"}\‘g ht inlungs
j ;?’ ’ h“\
‘t‘ﬁ . / ”.;-' 2\ e
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% / v p
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* W .,
£ ™
20- P il ~ D
rd ;
- .
PR3 nll r 1 Y lm
0 1 2 3
fime/secs
20 What causes emphysema?
A blockage of the bronchioles
B destruction of the aiveclar walls
C inflammation of the walls of the alveoli
D overproduction of mucus
ParRSHARRRRYM 2021
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21 The diagram shows a section through the skin.

Which structure of the skin has the highest temperature on a cold day?

- B
A
b
¢~
22 Which statement is not true?
A During focusing, the thickness of the lens is adjusted so that objects at different distances
can be seen clearly.
B Images formed on the retina are upside down, laterally inverted and diminished.
c The Iris contract as a result of changes in light intensity.
D To focus on a near object, the ciliary muscles contract and suspensory ligaments slacken.

23 General anaesthesia works by interrupting nerve signals in your brain and body. It blocks nerve
transmission to the central nervous system.

Which statement explains why a patient does not feel pain when anaesthesia is administered?

Motor neurone is unable to send the impulse to the muscles for contraction.
Relay neurones can only send the nerve signais to either the brain or the body.
Sensory neurones are unable to detect the stimulus.

oo W >

The brain is unable to process the pain.
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24 The graph shows the blood glucose concentration in four individuals after the ingestion of
glucose.

Which of the glucose tolerance curves represents someone who is suffering from diabetes?

blood glucose concentration {m mol/l)

glucose ingested * time (mins)

25 The diagram shows a section of the nephron in the kidney.

Which region would you find cells with the largest number of mitochondria?

0 1 and 2
B! 2and3
0 3and4
B 4 and 5
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26 The diagram shows a kidney and its associated structures. The arrows show the direction of flow
of fluids into these structures. A kidney disease, renal artery stenosis is the narrowing of one or
more arteries that carry blood to the kidney. Narrowing of the arteries prevents normal amounts
of oxygen-rich blood from reaching the kidneys.

Which blood vessel will be most affected?

D

27 The diagram shows the cross section of an insect-pollinated flower.

X

Pollen W was unable to germinate. What could be the possible reason?

Only a maximum of 2 polien grains can germinate each time.
Pollen grains X and Y were bigger in size as compared to W.

Pollen grain W came from a flower of a different species.

O S B

Pollen grain W was unable to stick to the stigma properly.
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28 The diagram shows a section through the male reproductive system.

What will happen if X is removed?

..

Fewer sperms are formed.
Fewer sperms can be stored.
Lesser testosterone produced.

(WS S R

Sperms may swim less actively.

29 A DNA strand contains 7500 nucleotides. How many thymine bases are present in a double helix
DNA moiecule if 20% of the base molecules are guanine? '

750

1500
2250
4500

A I

30 Fruit flies are 61 percent genetically identical as humans. They share common genes with
humans for many biological processes involved with growth and development.

Which statement best explains why fruit flies still differ greatly in their physical characteristics as
compared to humans?

Fruit flies are very small as compared to humans.
Fruit flies and humans follow different base pairing rules in their DNA strands.
Fruit flies need to be at least 95 percent genetically identical as humans to look more like

us.
[ The difference in 39 percent genes could have coded for the physical characteristics.

6093/4E/PRELIM/2021
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Which of the following statements correctly describes an advantage that genetic engineering has
over artificial selection?

A

O m

It is a faster process because only one species is required for beneficial traits to be
passed down to the offspring.

It always creates organisms that are naturally adapted to their environment.

Genetically modified food is always more nutritious and safe for all consumers.

There is a higher chance of an offspring receiving the beneficial trait from the genetically

engineered parent compared to using artificial selection.

Which statement(s) about evolution is / are correct?

AW N -

e B o B v

Phenotypic variation must be present for evolution to take place.

Natural selection will always lead to formation of new species.

Natural selection is one mechanism that can lead to evolution.

Natural selection may not lead to evolution if the trait under selection is not heritable.

1 only
2and3
1,3and 4
Z2,3and 4

The graph represents the changes in the DNA content present in a nucleus at different stages of
the life cycle of a mammal.

4 fertilisation

DNA content 34
/arbitrary units

,4-e09 X

time

Which stage does X represents?

[

2 O m

interphase
prophase
metaphase
telophase
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34 The diagram shows the inheritance of acatalasia disease in a family. The disease is a rare
genetic disorder associated with a very low catalase activity.

é normal male
"O ) O normal female

malé with acatzlasia

fernate with acatalasia

What does the family tree show about the mutated allele?

It is co-dominant.
It could be dominant or recessive.

It is dominant.

o0 w P

It is recessive.

35 The diagram shows two different types of fruit flies in a genetic crossing experiment.
Legend: Let E represent the dominant allele and e represent the recessive allele.

Which crosses would produce the offspring as shown?

A EE x EE
B EE x ee
C Ee xEe
D Eexee

ParRSHAEE ARG 2021
122



36

37

38

What defines a gene?

o0 w P

19

the sequence of amino acids found in a polypeptide
the sequence of nucleotides found in a polypeptide

BP-123

the sequence of amino acids found in the DNA that codes for a polypeptide

the sequence of nucleotides found in the DNA that codes for a polypeptide

Which row gives the chromosome number in the nuclei of different cells during the life cycle of a

monkey?
gametes cells from which cells of the embryo
gametes develop
A diploid diploid haploid
B haploid diploid diploid
C diploid haploid haploid
D haploid haploid diploid

The table shows how energy from the grass ingested is used by a goat.

ingestion of heat radiated growth and exhalation products of
grass from body repair egestion
Energy / 100 12 6 24 58
joules
What percentage of energy is available to both consumers and decomposers?
A 6
B 58
c 64
b 76
PartneGREMRRRELIM/ 2021 [Tumn Over
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39 The graph shows the quantity of pesticides accumulated in four different populations in a food
chain.

Which population is most likely herbivores?

1600 -
1400 1
1200

quantity of 1000+
pesticide

accumulated / 800-

parts pef million 800 -

200 4
002
g N
A
40 In sewage disposal, what are the results of processes that involve anaerobic processes?

A ammonia is removed
B rmethane is absorbed
c methane is produced
D urea is converted to nitrates

End of paper
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Section A
Answer all questions.

Write your answers in the spaces provided.

1 Fig 1.1 shows a typical animal cell as seen through an electron microscope.

Fig 1.1

{a)  Identify and label on the diagram, the organelles responsible for

(iy protein synthesis
(i) energy release, and
(i) controlling movement of molecules into and out of the cell. [3]

(b) Name and state the function of two other organelles, other than the ones above that are

not visible under a light microscope.

6093/4E/PRELIM/2021
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{c)  Observing the state of chromosome in Fig 1.1, identify the type and phase of cell division
that the celt is undergoing. State a reason why you think it is so.

(d) In the space below, draw how the nucleus of the cell would look like after the cell division
is completed.

[1]

6093/4E/PRELIM/2021 [fum Over
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(e) Fig 1.2 shows some chemical reactions occurring in the cell in which molecule X is

franslated.

1] 1] L Ly
CCG CUA AGU
Fig1.2

(i) Determine the base sequence of the gene coding for X.

[Total: 11]
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Fig 2.1 shows the air temperature and the temperatures in the interceliular air spaces of the leaves

5

for the same plant over 24 hours.

50
7 N
o
S EE air temperature y L
o 4
c‘g 40 ¥
E i
£
30 =
r A
Y
Py 1
20 L
4 [}
A temperature of 3
intercellular air space
,
10 Sefelfat P, =
0

0800 1200 1800 2400

time of day / hours
Fig. 2.1

Fig 2.2 shows stomata as they appear in the leaves at three different times during the day.

{a}

M N 18]
Fig. 2.2

Using the information provided in Figs 2.1 and 2.2, state which of the stomata pores M, N
or O, is representative of the stomata appearance at the following times of the day:

(i) 10.00 am
(ii) 6.00 pm

...............................................

............................................... [2]
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(b) Based on your answer in (a), explain how the time of the day at 10.00 am affects the

stomata appearance.

{c) Stomata appearance also affects the rate of transpiration in a plant over 24 hours. Suggest
how transpiration can be an advantage to the plant as well as a disadvantage.

[Total: 10]
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Urine samples were obtained from three patients and each sample was tested for the presence of

alcohol, glucose and proteins. Table 3.1 shows the resuits of the tests respectively.

patient nicotine glucose protein

Tony absent absent present

Steve absent present absent

Nick present absent absent
Table 3.1

(a) (i) Which patient is likely suffering from Type 1 diabetes?

..................................................................................................................... (1]
(ii) Suggest the cause of his condition and explain what can be given to him to controi it.
..................................................................................................................... [3]

(b) (i) Which patient is likely suffering from kidney failure?
.................................................................................................................... [1]
{if) Explain your answer in b{i) and the cause of his condition.
..................................................................................................................... [2]
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Fig 3.1 shows a dialysis machine used for treating people with kidney failure. The dialysate {dialysis

fluid) is a sotution of glucose, amino

pump

blood taken
from the vein

blood returned to
the arteries

acids, water and mineral salts.

; dialysis tube dialysate

used solution is

warmed solution is

absorbed expelled
4 — = 1
clean dialysate dialysate used dialysate
immersed in a
heater
Fig 3.1

{c) Refering to Fig 3.1, state

reasons.

60

two features in an efficient dialysis machine. Provide your

[Total: 8]
93/4E/PRELIM/2021
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4 Fig 4.1 shows the changing levels of adrenaline found in the blood plasma and its effect on pupil
size.
140 1 r 8
120 A -7
5 6
& 100 - =
[ &)
5 L 5 ..E
$ 80 4 o
£ -4 E
£ 60 - 8
5 r 33
2] =
S 40 2 a
g L
K=
20 - -1
0 L) 13 T T 1 E T T 1 T T 0
0 5 8 10 15 20 25 30 35 40 45 50

time/ min

= By 0Od adrenaline conc == - pupil diameter

Fig. 4.1

(@) Describe the relationship between the blood adrenaline concentration and the pupil
diameter from 0 to 50 minutes.
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(b}  Suggest a stimulus at point X on Fig 4.1 which affected the change in blood adrenaline

cancentration.

(¢) Define the term reflex action.

(d)  Explain the pathway of nerve impuises that lead to the change in pupil diameter from the
8™ to 15" minute.

[Total: 10]
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Food fish from sea aquaculture supplies about 10% of total fish consumption in Singapore. One of
the maijor farmed species of fish is the Asian seabass.

Fig 5.1 shows an open net aquaculture system for the rearing of farmed seabass off the Singapore
coast near Changi.

On an average harvest, 5 tons of fishmeal is used to produce 1 ton of seabass. Drugs and
chemicals were added to prevent the spread of sea-lice, a parasite that lives in the gills of fishes.

Fish wasie and unea'ten ﬁshmem

Fia. 5.1 Adapted from: hitp.//iwww.eschooltoday.
g. 9. comvaquaculfure/impaci-of-aquaculfure.htm!

{a) Discuss the impact of fish waste and uneaten fish meal in the water environment, if not

properly managed.

6093/4E/PRELIM/2021 [Tum Over
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(b) The NEA (National Environment Agency) has detected high levels of organochlorines (a
chemical used in pesticides banned in Singapore) in tissue samples of dead Ospreys (a

native predatory bird) found along Changi beach.

Suggest what could have caused this.

(c)  The farming transgenic seabass has become a reality to fish farmers when the technology

of genetic engineering has found its way to Singapore.

(i) What is meant by a ‘transgenic fish™?

(i) Compare the benefits of genetic engineering over the traditional selective breeding of

farmed fishes in the past.

........................................................................................................................
........................................................................................................................

[Total: 10]
8093/4E/PRELIM/2021
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Section B

Answer three guestions in this section.
Question 8 is in the form of an Either/Or question. Only one part should be answered.
Write your answers in the spaces provided.

Table 6.1 shows data coilected from 20 random human volunteers at a coffee shop to observe
common genetic traits present in the Singapore population.

volunteer blood group height/cm hair type
1 A 136 curly
2 o) 168 straight
3 A 159 straight
4 o 139 curly
5 0 174 straight
6 AB 167 straight
7 0] 165 curly
8 A 164 curly
9 B 161 straight
0 0 169 curly
11 O 179 curly
12 A 170 straight
13 B 163 curly
14 B 166 curly
15 A 164 curly
16 B 165 curly
17 O 162 curly
18 AB 170 curly
19 A 165 curly
20 0 165 curly
Table 6.1

(a)  State the type of variation that exists in height of individuals.

6093/4E/PRELIM/2021 [Tum Over
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(b)  Using the grid below, draw a bar chart to show the distribution of students with different
blood groups. [3]

(¢} tn human, straight or cury hair fype is determined by a pair of alleles. Individuals 1 and 2
are siblings. Both parents have curly hair. Deduce with reasons whether the allele for curly

hair is dominant or recessive.

6093/AE/PRELIM/Z2021
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(d) Individuals 19 and 20 are twins. Explain whether they are identical or fraternal.

..................................................................................................................... [2]
[Total: 10]
7 Fig. 7.1 shows three longitudinal sections of an individual daisy fiower during pollination period.
pollets grain
4
i
-
petal
time -
Fig. 7.1
(a) Identify the parts labelled A to D.
A e
B o Do [2}
6093/4E/PRELIM/2021 [Turn Over
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(b) Daisy flowers attract insects. With reference to Fig 7.1, suggest with reasons, the type of
pollination this flower employs and whether there is a possible advantage for this strategy.

(c) Describe the events that will take place after pollination leading to the formation of the daisy
fruit.

[Total: 10]

8093/4E/PRELIM/2021
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8 Either

Fig. 8.1 shows an experimental set up designed to simulate a chemical reaction occurring in the

human body.

- beaker
salivary
amylase -
P — | distilled
starch water
- visking
tubing

Fig. 8.1

At the start of the experiment, 1 cm?® of the distilled water was removed from the beaker and left
on the evaporating dish to evaporate. The mass of the solid residue collected after the evaporation

was measured and recorded in table 8.1.

For the next 40 minutes, the same procedure repeats for every 10 minutes.

time / mins mass / g
0 0.0
10 0.3
20 0.8
30 1.7
40 2.8
Table 8.1

(a) It was inferred that the solid residue is ‘maltose’. Suggest how an experiment can be
extended to determine this.

60B3/4E/PRELIM/2021 [Turn Cver
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(b}  Explain the increased mass of maltose present during the experiment.

{c}  Ahypothesis suggests that ‘increased temperature affects the rate of chemical reaction and

ultimately the results in the experiment’. Do you agree?

[Total: 10]
6093/4E/PRELIM/2021
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Or

{a) Fig 8.1 shows the tissues of a placenta.

maternal artery —. =

T —n- maternal vein

placenta

umbilical vein umbilical artery

Fig. 8.1

Explain how the health of the mother and development of fetus will be affected if she
smoked during her pregnancy.

........................................................................................................................
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(b) The placenta shares structural similarities to the small intestine, lung and kidney with

respect to their functions. Discuss.

.......................................................................................................................

[Total: 10}

End of Paper
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