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Additional Material: Multiple Choice Answer Sheet

READ THESE INSTRUCTIONS FIRST

Write in soft pencil.
Do not use staples, pencil clips, highlighters, glue or correction fluid.
Write your name, centre number and index number on the Answer Sheet provided.

There are thirty questions in this paper.  Answer all questions.  For each question there are four 
possible answers, A, B, C and D.
Choose the one you consider correct and record your choice in soft pencil on the separate answer 
sheet.

Read the instructions on the Answer Sheet very carefully.

Each correct answer will score one mark. A mark will not be deducted for a wrong answer.
Any rough working should be done in this booklet.

Calculators may be used.

This question paper consists of 22 printed pages.
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1 The diagram shows an electron micrograph of a plasma cell.

Which statement best describes the labelled structures in the cell?

A Structure A is large as the genes for immunoglobulin are long, since V(D)J 
recombination has not yet occurred.

B Structure B contains immunoglobulins, which are meant for secretion.
C Structure C is fluid, allowing invagination to occur so that the cell can engulf pathogens.
D Structure D is present in large amounts to allow a high rate of immunoglobulin synthesis.

2 The cytochrome b6f complex is part of the electron transport chain located in the thylakoid 
membrane. It transports protons across the thylakoid membrane. 

Which statement does not explain why this is an active process?

A Energy released from electrons is coupled to the movement of protons across the 
thylakoid membrane.

B A high concentration of protons is created in the thylakoid space.
C There is a pore in the complex, allowing for the movement of protons across the 

thylakoid membrane.
D Protons are transported across the thylakoid membrane only in the presence of light.

A

D

B

C

www.KiasuExamPaper.com 
4



3

ACJC 9744/01/Prelim 2019 [Turn Over

3 The diagram shows the chemical structure of a lipoprotein.

How many amino acid residues are there in this lipoprotein?

A 9
B 10
C 11
D 13
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4 Plant biomass contains only cellulose, hemicellulose and lignin, and it can be converted to 
glucose to be used as fuel.

Lignin does not consist of carbohydrate monomers, while hemicellulose consists of various 
monosaccharides, such as mannose, galactose and arabinose but not glucose.

An investigation was conducted on the pulp of four types of plant biomass to see which has 
the most potential for the production of fuel. The graph shows the glucose yield from the 
enzymatic hydrolysis of a fixed mass of pulp.

Which statement is not a valid inference of the information provided?

A Poplar and beech have the highest potential of being used for the production of fuel.
B The rate of hydrolysis for most of the plants is reaching its maximum at around 50 hours.  
C Glycosidic bonds were hydrolysed in these reactions.
D Hemp plant biomass has the highest amount of lignin and hemicellulose.

Duration of hydrolysis / h
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5 The diagram shows the synthesis of a haemoglobin molecule in a red blood cell. Some of 
the steps in the process are labelled W, X, Y and Z.

Which row shows the bonds formed at steps W, X, Y and Z?

W X Y Z

A Peptide and 
hydrogen bonds

Ionic bonds and 
hydrophobic 
interactions

Hydrogen bonds Hydrophobic 
interactions

B Peptide and 
hydrogen bonds

Hydrogen and ionic
bonds

Hydrophobic 
interactions and
disulfide bonds

Ionic bonds

C Peptide bonds Ionic bonds and 
hydrophobic 
interactions

Hydrogen bonds Ionic bonds

D Peptide bonds Hydrogen and ionic
bonds

Hydrophobic 
interactions and
disulfide bonds

Hydrophobic 
interactions

Y

Z

transferrin

amino acids

α and β subunits

αβ dimer

haemoglobin

iron

iron

haem
proto-

porphyrin

Iron

Iron

MITOCHONDRION

W

X

α2β2 globin
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6 The following graphs show how the activities of enzymes X, Y and Z vary due to changes in 
temperature and pH.
 

 

 

 

 

 

 

Which statement best explains the different activities of enzymes X, Y and Z?

A At 10°C and pH 2, both enzyme X and its substrate have the highest amount of kinetic 
energy.

B At 50°C and pH 10, numerous hydrogen bonds between R groups of amino acid 
residues of enzyme Y are broken.

C At 30°C and pH 7.9, most of the R groups of the catalytic amino acid residues of enzyme 
Y are negatively charged. 

D At 50°C and pH 12, substrate is bound to the active site of enzyme Z by hydrophobic 
interactions.
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7 How many of the following statements are true for all enzymes?

1 They lose the shape of their active site at temperatures above 70°C.
2 They catalyse the breakdown of large molecules into smaller molecules by straining 

the bonds in the large molecules.
3 They have an active site that is complementary in shape and charge to only one 

substrate molecule.
4 They reduce the activation energy of a reaction.

A 1 B 2   C 3 D 4

8 Alpha thalassemia major is a genetic disorder that prevents the production of functional alpha 
globin, resulting in low red blood cell count. The most common therapy during pregnancy is 
to carry out regular blood transfusions to the foetus within the uterus, providing the foetus 
with functional red blood cells throughout the pregnancy. After birth, the baby requires a 
suitable bone marrow transplant to be cured from the disease.

Recently, researchers conducted clinical trials in which they included maternal 
haematopoietic stem cells within the blood transfusions to the foetuses. Some of the babies 
were successfully cured from alpha thalassemia major, and did not require further treatment 
after birth. 

Which statement explains the success of the clinical trials for some of the babies?

A The foetal haematopoietic stem cells are able to differentiate into functional red blood 
cells.

B The foetal haematopoietic stem cells are removed by the maternal haematopoietic stem 
cells.

C The maternal haematopoietic stem cells are multipotent and give rise to functional red 
blood cells.

D The maternal haematopoietic stem cells are genetically identical to the foetal cells.
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9 A plasmid has an origin of transfer (oriT) to allow the transfer of DNA from a donor to a
recipient cell during bacterial conjugation. Genes that are transferred into the recipient cell 
first are closer to oriT on the plasmid. A sample of donor cells was mixed with a sample of
recipient cells. The genotypes of these cells are:

Key:
Donor cell: bio+ leu+ lacZ+ gal+ + : present

Recipient cell: bio- leu- lacZ- gal- - : absent

Conjugation of bacteria was disrupted at various time points, stopping the transfer of DNA. 
The recipient cells containing the respective genes after the various time points are shown 
in the graph.

Which statements can be deduced from the information provided?

1 Of the four genes, the gal gene is the furthest from oriT.
2 None of the recipient cells would be able to hydrolyse lactose before 18 minutes if 

lactose was added to the medium.
3 The leu gene is located closer to the bio gene than the lac gene on the plasmid.
4 The transfer of all four genes to all recipient cells in the sample took 45 minutes.

A 1, 2, 3 and 4
B 1, 2 and 3 only
C 1 and 4 only
D 2 and 3 only

Percentage 
of recipient 

cells 
containing 
specified 

gene 

bio+ 

leu+ 

lacZ+ 
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10 The hantavirus can cause fatal diseases in humans.

Four features of the hantavirus shared with some other viruses are listed:

1 negative-sense RNA
2 phospholipid bilayer
3 endonuclease that cleaves mRNA
4 RNA-dependent RNA polymerase

Which of these features would also be expected in an influenza virus?

A 1, 2, 3 and 4 B 1, 2 and 4 only C 1, 3 and 4 only D 2 and 3 only

11 Which statement describes DNA replication and transcription correctly?

A DNA replication and transcription require the use of DNA polymerase and RNA 
polymerase respectively and both molecules read the DNA template in a 5’ to 3’ 
direction.

B DNA replication and transcription require the use of DNA polymerase and RNA 
polymerase respectively and both molecules unwind and unzip the double stranded 
DNA molecule.  

C DNA replication and transcription require the use of deoxyribonucleotides and 
ribonucleotides respectively and both molecules contain phosphoester bonds.

D Both DNA replication and transcription require the use of single-stranded DNA binding 
proteins to stabilise the DNA template used during the processes.

12 A prokaryotic chromosome is digested with an endonuclease that cuts it at only one site. It 
is then fused with a telomere sequence at one end. A copy of this chromosome is introduced 
into a eukaryotic cell. 

Which of the following are likely to happen after numerous rounds of cell division? 

1 The modified prokaryotic chromosome is shortened.
2 The modified prokaryotic chromosome will be fused with another eukaryotic 

chromosome.
3 There will be a loss of coding sequences from the modified prokaryotic chromosome.
4 There will be a loss of non-coding sequences from the modified prokaryotic 

chromosome.

A 1, 2, 3 and 4 B 1, 3 and 4 only C 1 and 3 only D 2 and 4 only
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13 Insulin is produced in the β cells of the pancreas. Insulin is first synthesised as preproinsulin. 
The detailed biochemical pathway of insulin production is shown in the diagram.

Which mechanism would result in an increase in the production rate of a mature insulin 
protein?

A Synthesis of less translation initiation factors
B Synthesis of more enzymes involved in processes such as glycosylation, methylation 

and phosphorylation
C Synthesis of more endopeptidase 
D Synthesis of more enzymes that attach ubiquitin to insulin

`

Preproinsulin

Rough Endoplasmic Reticulum Golgi Body

Proinsulin Mature 
insulin

Hydrolysis by 
endopeptidase
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14 When a patient is diagnosed with cancer, the diagnosis will include the stage of the cancer. 
There are typically five stages.

Stage Description
0 Small localised tumour mass which has not spread to nearby tissues.
1 Small localised tumour mass that has not grown deeply into nearby 

tissues. It has not spread to the lymph nodes or other parts of the body.
2 and 3 Larger tumour mass which has grown more deeply into nearby tissues. It 

may has also spread to lymph nodes but not to other parts of the body. 
4 Cancer has spread to other organs or parts of the body.

The expression of genes I – IV was studied in three different individuals:

Normal, not suffering from cancer
Stage 0 cancer 
Stage 4 cancer

These genes have been implicated in cancer development. The amount of mRNA transcribed 
from these genes was quantified. 

Which of the following is likely to be the correct identities of genes I to IV?

Gene I Gene II Gene III Gene IV

A Proto-oncogene Tumour suppressor 
gene

Gene coding for 
telomerase

Gene involved in 
angiogenesis

B Proto-oncogene Tumour suppressor 
gene

Gene involved in 
angiogenesis

Gene involved in 
contact inhibition

C Tumour suppressor 
gene

Proto-oncogene Gene coding for 
telomerase

Gene involved in 
angiogenesis

D Tumour suppressor 
gene

Proto-oncogene Gene involved in 
angiogenesis

Gene involved in 
anchorage 

dependence

0

0.5

1

1.5

2

2.5

3

3.5

4

4.5

Gene I Gene II Gene III Gene IV

Am
ou

nt
 o

f m
R

N
A/

 μ
g

Normal Stage 0 Stage 4

www.KiasuExamPaper.com 
13



12

ACJC 9744/01/Prelim 2019 [Turn Over

15 A mutation in the lacI gene results in the production of a lac repressor protein that is unable 
to bind to allolactose.

Which row correctly shows the level of expression of the lac operon in the mutant cell in the 
presence or absence of lactose and/or glucose?

Lactose Glucose Level of lac operon expression

A Absent Absent Zero

B Absent Present Low

C Present Absent High

D Present Present Low

16 These statements describe a series of processes in the yeast mitotic cell cycle.

1 Cohesin complexes assemble at DNA cohesion sites found on identical DNA 
molecules.

2 Cohesion sites are regions of highly condensed chromatin.

3 Identical DNA molecules are attached at cohesion sites during chromatin 
condensation.

4 Enzyme X catalyses the proteolytic cleavage of a subunit of cohesin.

5 Cohesin complexes are removed, allowing accurate chromosomal segregation.

Which stage of the mitotic cell cycle cannot proceed if enzyme X is dysfunctional?

A S phase of interphase 
B prophase 
C metaphase 
D anaphase 
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17 A study was carried out on 500 people, some of whom were smokers. The study investigated 
the link between percentage of deaths due to lung cancer and their smoking habits. The age 
at which they started smoking and the number of cigarettes smoked per day were recorded 
in the graph.

Which of the following statements can be deduced from the information provided?

1 People who never smoked have the lowest percentage of deaths due to lung cancer.
2 The earlier a person starts smoking, the higher the percentage of deaths due to lung 

cancer.
3 The fewer the number of cigarettes smoked per day, the lower the percentage of 

deaths due to lung cancer.
4 Smoke contains carcinogens that can cause DNA damage and gene mutations that 

shorten an individual’s lifespan.

A 1, 2 and 3

B 1 and 4 only

C 2 and 3 only

D 3 and 4 only
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18 A pure-breeding black fowl is crossed with a pure-breeding white fowl. All the progeny are 
blue. Sibling cross is carried out and there are black, white as well as blue progeny.

Which statement most likely explains the above crosses?

A It is a monohybrid cross involving two alleles that exhibit incomplete dominance.
B It is a monohybrid cross involving three different alleles.
C It is a dihybrid cross involving two alleles that exhibit incomplete dominance at each 

gene locus.
D It is a dihybrid cross involving three different alleles at each gene locus.

19 The pedigree diagram shows the inheritance of the familial hypercholesterolemia in a family. 
Individuals with familial hypercholesterolemia show increased rate of atherosclerosis,
leading to death by 40 years old.

What is the probability of Individuals 16 and 17 having a child who is male and has familial 
hypercholesterolemia?

A 1 in 2
B 1 in 4
C 1 in 8
D 1 in 16
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20 In cats, two genes control the production of fur colour.

The tyrosinase-related protein-1 (TYRP1) gene controls the amount of black pigment 
produced. It has three alleles: B for black pigment, b for chocolate pigment and bl for 
cinnamon colour. B is completely dominant over b and bl, b is completely dominant 
over bl.
The dilute gene controls the distribution of the pigment in the fur. It has two alleles. 
The recessive allele, d, results in the dilution of black to grey, chocolate to lilac and 
cinnamon to fawn.

Which flowchart correctly shows the production of fur colour in cats?

A

B

C

D
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21 The flowchart outlines the process of anaerobic respiration in yeast cells.

Which of the statements regarding the identities of the compounds is not correct?

A Compound W can also be synthesised in the anaerobic respiration of plant cells.
B Compound X is a waste product.
C Compound Y is necessary for more rounds of glycolysis.
D Compound Z acts as an oxidising agent.

22 The figure shows an electron micrograph of part of a leaf cell.

Which option correctly shows the locations where substances involved in photosynthesis are 
used or produced?

Usage of reduced NADP Production of ATP Production of hexose

A X Y X

B X X Y

C Y X Y

D Y Y X
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23 The energy required for Calvin cycle comes from the light-dependent reaction. An 
investigation was conducted with light of two different wavelengths, 653 nm and 700 nm, on 
isolated chloroplasts. The rate of production of oxygen gas was measured for each of the 
following four experimental conditions.

Experiment 1 - Two different wavelengths of 653 nm and 700 nm given 10 seconds apart
Experiment 2 - Two different wavelengths of 653 nm and 700 nm given at the same time
Experiment 3 - One wavelength of 653 nm given
Experiment 4 - One wavelength of 700 nm given

The light intensity was the same for each of the four experiments and the rate of production 
of oxygen gas was measured.

Which of the following is a possible conclusion from this experiment?

A Rate of photosynthesis is higher by 4% in experiment 2 than in experiment 1.
B The longer wavelength of 700 nm and the shorter wavelength of 653 nm work co-

operatively to produce a higher rate of photosynthesis.
C PS I absorbs light at 700 nm while PS II absorbs light at 653 nm.
D The number of wavelengths given is the only limiting factor in this experiment.
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24 The pertussis toxin produced by the bacterium, Bordetella pertussis, can inhibit the 
autophosphorylation of the tyrosine residues of receptor tyrosine kinases (RTK).

Which processes can be inhibited as a result of the presence of the pertussis toxin?

1 Dimerisation of RTK
2 Activation of RTK
3 Activation of downstream relay proteins
4 Production of glucagon

A 1, 2 and 4
B 2, 3 and 4
C 1 and 3 only
D 2 and 3 only

25 Researchers have found evidence of natural selection in humans. 

In ancestral populations, only babies and children needed to digest the milk sugar, 
lactose. The gene coding for the enzyme lactase (LCT gene) was switched off before 
adulthood. 
Today, lactose-intolerant adults cannot digest lactose, leading to abdominal pain after 
eating food containing lactose. 
A mutation in the LCT gene results in adults to be able to digest lactose. This is called 
lactose persistence. 
Lactose persistence increased in populations in Europe several thousand years ago. 
The increase in lactose persistence in Europe coincided with an increase in farming of 
cows for milk.

Which statement does not explain why there was selection for lactose persistence in humans 
several thousand years ago?

A Reliance on milk products selects for individuals who are able to digest lactose due to 
the presence of the mutated LCT gene in them.

B Compared to lactose-intolerant individuals, individuals with lactose persistence are likely 
to get fewer side effects after consuming food containing lactose.

C On average, more individuals who produce high levels of lactase in their lifetime live to 
reproductive age, as they are able to utilise an additional source of nutrient.

D Individuals with lactose persistence consume more milk than the rest of the population 
and pass on the mutant allele to their offspring.
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26 Analysis of the genome of primates reveals many DNA segments that have been duplicated
known as segmental duplications (SDs).

It is possible to deduce the phylogenetic relationships of various primates by studying the 
SDs. Human-specific SDs occurred after humans and chimpanzees diverged. Common 
SDs shared between humans and chimpanzees (human-chimpanzee shared SDs) occurred 
after their common ancestor diverged from gorillas and so on.

The chart shows the number of SDs in different groups of primates.

Which statements could be deduced from the chart above?

1 The number of SDs that can be found in humans but not in other primates is 133.
2 Since the separation of orangutans from other primates, the number of shared SDs 

present in the other primate group decreases.
3 It is possible for a few SDs to be found in humans and gorillas but not chimpanzees 

because the same SDs occurred independently in both humans and gorillas.
4 Orangutans are more closely related to chimpanzees than they are to gorillas.

A 1, 2 and 4
B 2 and 3 only
C 3 and 4 only
D 1 only

Human-
specific 

SDs

Human-
chimpanzee 
shared SDs

Human-
chimpanzee-

gorilla 
shared SDs

Human-
chimpanzee-

gorilla-
orangutan 

shared SDs
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27 Cichlids are freshwater fish that are found widely in the southern continental regions as 
shown as the shaded regions on the map.

Which statement correctly explains the worldwide distribution of modern-day cichlid species?

Worldwide distribution of cichlids
Key Geographical region Approximate number of species

1 Central and South America 400
2 Africa 1600
3 Madagascar More than 18
4 Middle East 5
5 India 3

A Species found in Madagascar are more closely related to species from Africa rather than 
those found in the Middle East as there is gene flow between the populations.

B Geographical isolation has occurred resulting in different cichlid species, as there is a 
large body of water between South America and Africa. 

C When the ancient Gondwana supercontinent broke up, ancestor cichlid populations 
were subjected to different selection pressures resulting in the species in Africa and 
those in Middle and South America to undergo sympatric speciation.

D Continental drift separated the ancestors of the modern species of cichlid, leading to 
the presence of analogous structures in them. 
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28 The diagram shows the exposure of a person to Mycobacterium tuberculosis and subsequent 
progression of tuberculosis (TB).

Which of the statements are not correct?

1 When an infected person is in the latent TB infection stage, transmission of M.
tuberculosis to others is unlikely to occur.

2 At the centre of the tubercle, helper T cells release M. tuberculosis into the cavity.
3 Phagocytosis of M. tuberculosis by macrophages starts in the subclinical TB disease 

stage.
4 In the active TB disease stage, an infected person’s lungs will be destroyed 

progressively as more tubercles rupture.

A 1 and 3
B 1 and 4
C 2 and 3
D 2 and 4

29 Which row does not correctly describe innate and adaptive immunity?

Innate immunity Adaptive immunity

A Primarily functions in clearance of 
infection

Primarily functions in controlling spread of 
infection

B Immediate response Delayed response

C Activated by antigens found on many 
pathogens

Activated by antigens found on specific 
pathogens

D Involves mast cells and macrophages Involves T and B lymphocytes
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30 The spider-orchid only flowers for a relatively brief time. Its flower resembles a spider and emits
a scent that mimics that of a female bee, tricking male bees into attempting to mate with the
flowers, thereby allowing the plant’s pollination.

The bees emerge in spring after hibernation and take flight, with the males flying earlier than 
the females.

Global warming has resulted in temperatures in the spring months to be higher than before, 
affecting the interaction between the spider-orchid and the male bees.

Which statements are possible concerns of higher temperatures in spring?

1 Female bees are emerging from hibernation earlier than usual, competing with the 
orchid flower and preventing it from being pollinated by the male bees.

2 The spider-orchid flowers earlier, resulting in desynchronisation between the 
pollination process and the hatching of the bee larvae.

3 The hatching process of the bee larvae is slower as some of the enzymes involved 
are inactivated at higher temperatures, resulting in the later emergence of the bees.

A 1, 2 and 3
B 1 and 2 only
C 1 and 3 only
D 2 and 3 only
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2

E

For 
examiner’s 

use 1 Fig.1.1 shows an electron micrograph of part of a cell.

Fig. 1.1

(a) (i) Describe one function of the proteins present in organelles X and Y.

[2]

(ii) Organelles X and Y are both membrane-bound. 

State two advantages of membranes in cells.

[2]

X
Y
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3

E

For 
examiner’s 

use Fig. 1.2 shows the structural components of a virus that causes measles. The diameter of the 
virus ranges from 300 nm and 1000 nm. It can be found in the nose and throat mucus of 
infected people. It multiplies by entering and taking over the mechanisms of DNA replication of 
its host cell.

Fig. 1.2

(b) With reference to the information above and your own knowledge, discuss how this virus
challenges the tenets of the cell theory.

[4]

                                                                                                                                           [Total: 8]
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4

E

For 
examiner’s 

use 2 Fig. 2.1 shows the structure of a type of phospholipid known as phosphatidylcholine.  

Fig. 2.1

(a) Contrast the structure of the phosphatidylcholine in Fig. 2.1 with the structure of a 
triglyceride molecule. 

[2]

(b) Plants use both lipids and carbohydrates for energy storage. Explain how the structure of 
triglycerides make them more suitable for energy storage than starch.

[2]
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5

E

For 
examiner’s 

use 

                                                                                                                                          [Total: 9]

(c) Phospholipase is an enzyme that can break down phospholipids, and it is found in bee
venom. Suggest how bee venom destroys red blood cells.

[2]

(d) Anagrelide is a drug that inhibits the action of phospholipase. An experiment was carried 
out to determine whether anagrelide is a competitive or non-competitive inhibitor. The 
results show that the rate of enzyme activity does not reach Vmax at high phospholipid
concentration. 

State which type of inhibitor anagrelide is and explain your answer.

[3]

www.KiasuExamPaper.com 
29



ACJC 9744/02/Prelim 2019 [Turn over

6

E

For 
examiner’s 

use 3 Fig. 3.1 shows four of the incorrect suggestions for the structure of the DNA molecule before the 
actual structure was published in 1953.

Fig. 3.1

(a) One of the structures suggested in Fig. 3.1 is most similar to the one accepted today. 
Identify the structure and explain your choice.

[3]

(b) Explain why the structure identified in (a) is rejected as the actual structure of DNA despite 
being the most similar to it.

[1]

A B

C D

Legend
        
          Hydrogen bond
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7

E

For 
examiner’s 

use Repeating nucleotide sequences are common in the genome of eukaryotes. These repeating 
sequences are non-coding and have been commonly referred to as ‘junk DNA’. ‘Junk DNA’ 
implies that these DNA sequences do not serve any function. 

(c) Suggest why the term ‘junk DNA’ is misleading.

[2]

Both eukaryotes and prokaryotes contain DNA as their genome. However, the overall
organisation of their genetic information is quite different.

(d) State three differences between the organisation of genetic information in eukaryotes and 
prokaryotes.

[3]

                                                                                                                                      [Total: 9]
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8

E

For 
examiner’s 

use 4 Fig. 4.1 shows a micrograph of a multicellular structure formed several days after fertilisation of 
an egg by a sperm. A type of stem cell can be extracted from this structure.

Fig. 4.1

(a) Identify the stem cells extracted from the structure shown in Fig. 4.1 and describe the 
normal function of these stem cells.

[2]

The level of gene expression in cells can be studied by measuring the time taken for mRNA in 
the cell to be broken down, which is indicated by the half-life of the mRNA.

(b) Outline how an RNA transcript is modified to form a mature mRNA in a eukaryotic cell.

[3]

(c) Describe the significance of one of the modifications outlined in your answers to (b).

[1]
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use Research on stem cells have been carried out to investigate the mechanisms by which their
undifferentiated state was maintained. One particular gene of interest, Cnot3, was studied for its 
effects on the expression of other genes involved in cell differentiation.

Fig. 4.2 shows the half-life of different mRNA molecules when measured in normal stem cells 
(wild type, WT) and in mutant stem cells lacking the Cnot3 gene (–Cnot3). With the exception of 
Cnot3, the total number of different mRNA did not change.

Fig. 4.2

(d) Describe the effects of the Cnot3 gene on the expression of other genes.

[3]

(e) Suggest how the Cnot3 gene regulates the expression of other genes.

[3]

                                                                                                                                         [Total: 12]

WT -Cnot3

Number of 
different mRNA

Number of 
different mRNA

mRNA half life (hour) mRNA half life (hour)
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use 5 Fig. 5.1 shows a virus attaching to the surface of its host cell.

Fig. 5.1

(a) Describe two structural features characteristic of the type of host cell shown in Fig. 5.1.

[2]

(b) Outline the different processes by which genetic variation may arise in the type of host cell 
shown in Fig. 5.1.

[4]
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use Ciprofloxacin is an antibiotic that acts as an inhibitor of the enzyme DNA topoisomerase         
(Fig. 5.2). The inhibition of DNA topoisomerase in target cells prevent DNA from unwinding 
properly, therefore disrupting the process of DNA replication.

Fig. 5.2

(c) Briefly describe how topoisomerase allows the unwinding of DNA to be carried out properly.

[1]

(d) Describe two differences in the mode of action of ciprofloxacin and penicillin.

[2]

(e) Suggest why ciprofloxacin may also inhibit the replication of mitochondrial DNA.

[1]

                                                                                                                                         [Total: 10]
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use 6 A member of an endangered species was found to be infertile. Analyses found that the germline 
cells were not able to undergo meiosis properly. 

(a) Explain the role of meiosis in producing offspring. 

[2]

In nuclear division, CenH3 is a protein which associates the kinetochore complex with DNA. The 
mRNA sequence of the CenH3 gene in dysfunctional germline cells was slightly different from 
normal cells.

(b) Explain if the failure in meiosis is more likely caused by a gene mutation or chromosomal 
aberration.

[3]

(c) Describe the consequences of this mutation on meiosis.

[3]

[Total: 8]
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use 7 In the sweet pea, Lathyrus odoratus, flower colour and shape of pollen grains are coded for by
two different genes. The allele for purple flowers, A, is dominant to the allele for red flowers, a,
and the allele for long pollen grains, B, is dominant to the allele for round pollen grains, b.

Flower colour is caused by pigments known as anthocyanins, which are synthesised in flower 
cells. Fig. 7.1 shows the molecular structure of the anthocyanin resulting in purple flowers. 

Fig. 7.1

(a) With reference to the information provided, explain how the gene for flower colour results 
in the purple phenotype.

[3]
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crossed with a sweet pea plant with red flowers and round pollen grains. The results of this 
cross are shown in Table 7.1.

Table 7.1

offspring phenotype number of offspring
red flowers, long pollen grains 380
red flowers, round pollen grains 25
purple flowers, long pollen grains 30
purple flowers, round pollen grains 365

(b) Draw a genetic diagram to show how the above cross resulted in the offspring shown in 
Table 7.1.

[4]

(c) Explain why there are offspring with red flowers, round pollen grains and purple flowers, 
long pollen grains.

[3]

[Total: 10]
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use 8 Fish and amphibians belong to two separate classes – Class Chondrichthyes and Class 
Amphibia respectively.

(a) State the basis of biological classification.

[1]

(b) Describe the limitations of using morphology in classifying species. 

[2]

Some species of fish and amphibians have many phenotypic similarities. Fig. 8.1a and 8.1b
show the similarities in bone structure between fins of lobe-finned fish and limbs of a primitive 
amphibian.

Fig. 8.1a Lobe-finned fish                            Fig. 8.1b Primitive amphibian

(c) Explain how the similarities in bone structure support the theory of evolution. 

[3]
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amphibians. The amino acid sequences of the α chain of coelacanth and lungfish haemoglobin 
were compared to that of two species of amphibians, Xenopus laevis (Xl) and Rana catesbeiana 
(Rc). The results are shown in Table 8.1.

Table 8.1

Percentage of matches of amino acid sequence
Species of amphibian

Type of fish Xl Rc
Coelacanth 45.4 48.2
Lungfish 40.7 37.9

(d) (i) With reference to Table 8.1, draw a phylogenetic tree demonstrating the relationship 
between the three types of organisms – coelacanth, lungfish and amphibians.             

[1]

(ii) Explain your answer in (d)(i).

[3]
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(e) Describe the advantages of using molecular methods to compare evolutionary 
relationships.

[3]

[Total: 13]
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use 9 Colostrum is a form of milk produced by mammals to feed their newborn babies for the first few 
days after birth. Molecule Y shown in Fig. 9.1 is found in colostrum from cows.

Fig. 9.1

(a) Outline how the presence of a foreign antigen may lead to the production of Molecule Y
shown in Fig. 9.1.

[4]

(b) The chances of survival of a calf increase if it drinks colostrum. State one reason why 
colostrum increases the chances of survival of a calf.

[1]
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[3]

                                                                                                                                         [Total: 8]
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use 10 New research predicts that rising global temperatures will reduce yields in the world’s largest 
corn-producing regions and could lead to food shortages. Fig. 10.1 shows the global maize 
production projections under two different warming scenarios.

Fig. 10.1

(a) With reference to Fig. 10.1, describe the impact of rising temperatures from 2ºC to 4ºC on 
global maize production projections and its consequences.

[3]
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use (b) With reference to Fig. 10.1 and your own knowledge on photosynthesis, explain how rising 
temperatures affect the growth of maize.

[3]

(c) Based on the maize production projections in Fig. 10.1, other wild crops such as peanut, 
potato and cow peas could reduce in numbers and become extinct. Predict the possible 
consequences of a reduced biodiversity in the region where these wild crops could be 
found.

[2]
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Fig. 10.2

(d) State what is meant by the absorption and action spectra of photosynthetic pigments. 

[2]

(e) The action spectrum is obtained by measuring the rate of oxygen released during
photosynthesis. Explain why the production of oxygen during photosynthesis is an indicator
of the growth of maize plants.

[3]

                                                                                                                                         [Total: 13]
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Section A

Answer all the questions in this section.

1 The mitochondria in a cell undergo fusion and fission regularly. When mitochondria fuse, the 
contents within the different mitochondria are mixed together. Scientists hypothesised that mutated 
mitochondrial DNA (mtDNA) and damaged proteins can be sorted and accumulated within one 
mitochondrion during the fission process. Mitochondrial fusion and fission ensure that most 
mitochondria contain normal mtDNA and functional proteins. Fig. 1.1 shows the mitochondrial 
fusion-fission cycle.

Fig. 1.1

Membrane proteins such as mitofusins and Fis1 are important in facilitating mitochondrial fusion 
and fission processes respectively.

(a) (i) Explain how the fluid mosaic model is relevant to mitochondrial fusion and fission.

[4]
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A group of scientists studied the change in expression of mitofusin and Fis1 mRNA in the rat 
muscle cells after 45, 90 and 120 minutes of exercise. The change in the amount of mRNA 
produced after each exercise duration as compared to the resting conditions is indicated as the 
“fold change”. The results are shown in Fig. 1.2.

Fig. 1.2

(ii) Describe the relative changes in the expression of mitofusin and Fis1 under the different 
conditions.

[3]

(iii) At 120 minutes of exercise, it was observed that there were many mitochondria which were 
smaller than usual. With reference to Fig. 1.1 and Fig. 1.2, explain these observations.

[2]
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Replication of mtDNA is continuous throughout the cell cycle, giving rise to many copies of mtDNA 
per mitochondrion. Fig. 1.3 shows a schematic diagram of the initiation of mtDNA replication.

Fig. 1.3

(b) Compare the process in Fig. 1.3 and the polymerase chain reaction.

[4]
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The mtDNA contains 37 genes, of which 13 code for protein subunits of the different electron 
carrier complexes embedded in the inner mitochondrial membrane. Mutations in the mtDNA often
occur in the form of multiple or large-scale deletions involving several genes. As the number of 
mutated mtDNA copies increases in the cell, an individual will start to show symptoms such as 
lethargy and lactate accumulation. The levels of normal and mutated mtDNA copies in the cells 
can be monitored using the following procedure:

1. Cells are homogenised. The cell mixture is first centrifuged at low speed and the pellet
(solid residue) is removed. 

2. The supernatant (liquid component) is then centrifuged again at a higher speed so that the 
mitochondria can be found in the pellet.

3. The purified mitochondria are homogenised.
4. Restriction enzymes, EcoRI, are added. EcoRI will cut the mtDNA at specific nucleotide 

sequences.
5. Gel electrophoresis is carried out. DNA fragments are visualised using ethidium bromide.

Scientists carried out the above procedure using normal and mutated mtDNA copies within cells 
from two different individuals – a patient suffering from lethargy and lactate accumulation and a 
healthy individual. The results are shown in the gel electrophoregram in Fig. 1.4. The molecular 
weight markers were loaded in lane M. DNA sample from the patient was loaded in lane 1, while
DNA sample from the healthy individual was loaded in lane 2.

Fig. 1.4

(c) (i) Explain why it was necessary to remove the pellet in step 1.

[2]
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(ii) Describe the principles of gel electrophoresis.

[3]

(iii) Using the information provided, explain why different band patterns are observed for lanes 
1 and 2.

[3]
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Newborns have a large amount of brown fat tissue, which contains abundant mitochondria. Brown 
fat cells express the protein, thermogenin, which is embedded in the inner mitochondrial 
membrane. Protons flow through the channel in thermogenin instead of ATP synthase. As a result, 
the proton gradient is less steep, and energy is released in the form of heat. This keeps the babies 
warm.

The mitochondrial matrix has a pH of about 7.8. The intermembrane space of mitochondria in 
different cells exhibit different pH values, as shown in Table 1.1.

Table 1.1

Cells from which mitochondria 
are isolated

pH in intermembrane space

Resting muscle 7.0
Muscle during exercise 6.8
Brown fat 7.4

(d) (i) Explain the difference in pH values in the intermembrane space and the matrix of the 
mitochondria in the resting muscle cells.

[4]

(ii) Explain how low oxygen concentration will result in the newborns suffering from a drop in 
body temperatures.

[3]
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(iii) The respiratory processes in the mitochondria require oxygen. Explain how oxygen is 
transported into the mitochondria.

[2]

[Total: 30]
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2 Antibodies are proteins produced by the mammalian immune system.

(a) Describe two ways antibodies can mediate the removal of pathogen from the host’s system.

[2]

HIV-Enzyme-Linked ImmunoSorbent Assay (HIV-ELISA) is a type of blood test used to diagnose
chronic infection with Human Immunodeficiency Virus (HIV). The concentration of HIV antigens in 
blood samples obtained from a patient who is infected with HIV can be measured using antibodies 
specific for these antigens. 

Fig. 2.1 illustrates how the HIV-ELISA works. HIV antigens from the blood samples are 
immobilised on the surface of wells and incubated with an enzyme-labelled antibody. Excess 
unbound antibodies are washed off and the enzyme's substrate is then added. The enzyme-
catalysed reaction results in a colour change, from colourless to yellow. The concentration of the 
HIV antigens can be quantified by measuring the absorbance of each sample at the end of the 
assay.

Fig. 2.1

(b) (i) With reference to Fig. 2.1 and the information provided, explain how the structure of an 
antibody allows it to be used in the assay.

[3]
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     (ii) Draw a graph to show the expected relationship between the concentration of antigen and 
absorbance.

[1]

(iii) Suggest two reasons why HIV-ELISA may sometimes fail to detect the presence of HIV 
antigen in the blood sample of the patient.

[2]

(c) Describe how HIV results in the death of the host cell.

[2]

[Total: 10]
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3 Elevated atmospheric carbon dioxide (CO2) concentration is a major contributor of climate change. 
The levels of CO2 has increased from the pre-industrial revolution period of 280 ppm in 1750 to 
393 ppm in 2012. Atmospheric CO2 is expected to increase to 900 ppm by the end of the 21st

century.

(a) Explain how human activities have significantly contributed to the increase in CO2 levels in the 
atmosphere.

[3]
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It has been observed that the levels of CO2 have an effect on the morphology of plants. The 
stomatal density of existing and fossilised plants was observed in relation to the concentration of 
CO2 in the atmosphere. Existing plants are indicated by open symbols ( ) and fossilised plants are 
indicated by filled symbols ( ) in Fig. 3.1.

Fig. 3.1

(b) With reference to Fig. 3.1, describe the overall trend observed.

[2]
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Research has identified several molecules that may be involved in stomatal density in developing 
leaves at elevated CO2 levels. One such molecule is the stress hormone, abscisic acid (ABA).
ABA binds to the ABA-G Protein-Linked Receptor (ABA-GPLR) and increases the expression of 
genes involved in stomatal development such as ASI and RAB. A schematic representation of the 
pathway is shown in Fig. 3.2. Dashed arrows represent multiple steps.

Fig. 3.2

(c) Using the information provided and your own knowledge, describe the mechanism by which 
ABA affects stomatal density in developing leaves.

[5]

[Total: 10]
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Section B

Answer one question in this section.

Write your answers on the separate writing paper provided.

Your answers should be illustrated by large, clearly labelled diagrams, where appropriate.

Your answers must be in continuous prose, where appropriate.

Your answers must be set out in parts (a) and (b), as indicated in the question.

4 (a) Rabbits, which are usually found in meadows and woods, show a variation of coat 
colour. Five genes control the distribution of pigments, resulting in a range of coat 
colours ranging from black to brown. Coat colour is darker at cold temperatures and 
lighter at warm temperatures. Some of the five genes have multiple variants at each 
gene loci and the expression of one gene is also temperature sensitive.

Explain whether coat colour shows continuous or discontinuous variation and discuss, 
with the use of the various species concepts, whether two rabbits showing distinctive 
coat colours can be considered as the same or different species.                            [15]

(b) In the debate of “nature versus nurture”, “nature” often refers to genetic factors while 
“nurture” refers to the environmental variables that can influence phenotypes. Discuss 
the extent to which phenotypic variation in a population is influenced by “nature” 
and “nurture”.                                                                                                             [10]

[Total: 25]

5 The development of cancer is a multi-step process that involves the accumulation of 
mutations. While some mutations occur spontaneously due to errors in DNA replication, 
others could be induced by environmental factors or biological agents. These mutations 
might cause cells to bypass cell cycle checkpoints. The risk of developing some types of 
cancer such as cervical cancer or stomach cancer can be reduced in susceptible individuals 
with the use of vaccination or antibiotics.

(a) Explain how chromosomal aberrations can lead to the dysregulation of the cell cycle 
and suggest why gene mutations do not always lead to the formation of a tumour. [15]

(b) Studies have shown a correlation between human papillomavirus infection with 
cervical cancer, and infection by certain strains of Helicobacter pylori with stomach 
cancer. Discuss the usefulness of vaccination and antibiotics in minimising the risk of 
an individual developing cancer.                                                                                [10]

[Total: 25]

[End of Paper]
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Answer all questions.

1 Amylase A catalyses the hydrolysis of starch into a reducing sugar, glucose. 

You are required to follow the time course of this enzyme-catalysed reaction by testing the 
reaction mixture for glucose. Samples of the reaction mixture are drawn at intervals over 15
minutes and tested for glucose using Benedict’s solution.

The progress of the reaction will be determined by estimating the amount of glucose formed from 
starch, using a standard curve.

You are provided with:

5 cm3 of 4% glucose solution, G
15 cm3 of Benedict’s solution, B
5 cm3 of amylase solution, A
10 cm3 of starch solution, S

Proceed as follows.

Section A: Preparation of standard curve using different concentrations of the glucose
solution

1 Set up a water bath of suitable depth and heat it to boiling.

2 Label five test tubes 0.25%, 0.50%, 1.00%, 2.00% and 4.00% glucose solution and add 
0.5 cm3 of Benedict’s solution, B, to each test tube. 

3 Prepare the different concentrations of glucose using the 4.00% glucose solution, G,
provided.

You are required to make up a sufficient volume of each concentration of glucose solution 
in the small vials provided so that, once the serial dilution has been completed, there is a 
volume of 2.0 cm3 for each solution.

Complete Table 1.1 to show how you will make the glucose solutions in Vials 2 to 5. 

Table 1.1

[2]

Vial 1 Vial 2 Vial 3 Vial 4 Vial 5
Concentration of 
glucose solution / % 4.00 2.00 1.00 0.50 0.25

Vial of glucose
solution to be diluted 1 2 3 4

Volume of the 
glucose solution to 
be diluted / cm3

Volume of distilled 
water / cm3
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4 Stir the contents of each vial with a clean, dry glass rod.

5 Add 0.5 cm3 of glucose solution prepared in Vial 5 to the corresponding test tube prepared 
in Step 2 to conduct Benedict’s Test. 

6 Place this test tube into the boiling water bath and observe the test tube very carefully for 
the first sign of a colour change. This is the end point of the reaction. As soon as you 
see this colour change, record the time taken for the reaction to reach the end-point.

7 Repeat steps 5 and 6 with the other concentrations of glucose solution.

8 Record your observations in the table provided. 

Concentration of 
glucose solution / %

Time taken for reaction 
to reach end point / s Mass of glucose / mg

0.25

0.50

1.00 5.00

2.00

4.00

[2]

9 Given that 0.5 cm3 of the 1% glucose solution contained 5.00 mg of glucose, complete the 
table above to estimate the mass of glucose which was added in each of the other four 
tubes.

[1]
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10 Use your data to plot a standard curve of time taken to reach end point and mass of glucose.

[4]
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Section B: Investigation of the time course of the enzyme-catalysed reaction

You will follow the time course of this enzyme-catalysed reaction by testing the reaction mixture 
for glucose. The time intervals you will use are 5, 10 and 15 minutes.

You are advised to read steps 11 to 21 before proceeding.

Proceed as follows.

11 Maintain a boiling water bath. 

12 Label 3 test tubes with the time intervals.

13 Prepare another water bath between 35 °C and 40 °C in a large plastic beaker.

14 Put 5 cm3 of starch, S, into a vial and cover it with a cap.

15 Put the vial into the water bath in the large plastic beaker. Allow 3 minutes for contents of
S in the vial to reach the same temperature. 

16 Put 2 cm3 of amylase A into the vial and put the vial back into the water bath. You need to 
ensure that the enzyme is thoroughly mixed with the substrate.

17 Start timing the time course.

18 After 5 minutes, remove 0.5 cm3 of reaction mixtures from the vial and place the sample
this in an empty test tube with the correspondingly-labelled time. Replace the vial into the 
water bath.

19 Place the test tube in the boiling water bath immediately for 30 seconds before removing 
it from the water bath and leaving it on the test tube rack to cool. 

State why this step is necessary.

[1]

20 Repeat steps 18 and 19 at the other time intervals.

21 At the end of the 15 minutes, test the contents of the test tubes for glucose using Benedict’s 
solution, B. Record the time taken for the reaction to reach the end-point. If there is no 
colour change by 5 minutes, record “more than 300”.
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22 Record your results in the space below.

[3]

23 Using the standard curve, estimate the mass of glucose produced after 15 minutes of the 
reaction. 

[1]

24 Describe a suitable control for this investigation and explain why it is necessary.

[2]

25 Explain why this experiment would have yielded different results if it was conducted at 
10 °C.

[2]

[Total: 18 marks]
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2   There are molecules on the surface of yeast cells which cause the cells to stick together. When 
a yeast suspension is placed in a test-tube some of the cells sink slowly to the bottom.

(a) (i)   Show clearly on Fig. 2.1 what you would expect the contents of the test-tube to look like 
after 5 minutes. You will gain marks for clear labels.            [2]

Fig 2.1

You are required to investigate the effect of the independent variable, pH, on the sedimentation 
of a yeast cell suspension.

You are provided with:
pH3 buffer solution, P3
pH3 buffer solution, P5
Yeast suspension, Y
Calcium chloride solution, C

After 5 minutes
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(ii) Use the marker provided to mark a line half-way along the length of each test-tube as shown in 
Fig. 2.2.

You will need to put 1 cm3 of calcium chloride solution, C, in each test-tube and then an equal 
volume of yeast suspension, Y, and each buffer solution so that the mixture will fill the test-tube 
to the half-way mark as shown in Fig. 2.2.

Fig. 2.2

Describe a method to measure the dependent variable. Include in your plan,

steps you used to work out the volume of Y and volume of each buffer solution to use
the use of graph paper
the time intervals used for the experiment over a period of 5 minutes.

Your method should be set out in a logical order.

[5]
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(iii) State the volume of Y and the volume of each buffer solution to use. 

volume of Y ....................................................

volume of each buffer solution ........................             [1]

Proceed as follows.

1 Label one test-tube for each pH.

2 Put the volume of pH 3 buffer solution, p3, stated in (iii), into a test-tube labelled pH3.

3 Put 1 cm3 of C to the same test-tube.

4 Repeat steps 3 and 4 with pH 5 buffer solution, p5.

5 Stir the yeast suspension, Y, with a glass rod.

6 Put the volume of Y, stated in (iii), into each test-tube to make the total volume up to the 
half-way mark.

7 Stopper the test-tubes with bungs and invert the test-tubes twice to mix well.

8 Immediately start timing. Carry out the method stated in (ii) to measure the dependent 
variable and record the observations at your selected time intervals. You may need to lift 
each test-tube to eye level to take each reading. Take care not to disturb the contents of the
test-tube.

(iv) Record your results in the space below.

[3]
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(v)   State the degree of uncertainty of using the graph paper scale as a measure.

[1]

(vi) Identify one significant source of error in this investigation and explain the improvement you 
would make to rectify this error.

[2]
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(b) Many people are intolerant to the disaccharide lactose, which is found in milk.

The enzyme lactase is used commercially to catalyse the breakdown of lactose to the
monosaccharides glucose and galactose. These sugars taste sweeter and are easier to digest 
than lactose.

Enzymes can be immobilised in a number of different ways, using different materials.

Fig. 2.3 shows three ways of immobilisation of enzymes.

Fig. 2.3

A student carried out an investigation to compare the activity of the enzyme lactase that had
been immobilised in the three different ways shown in Fig. 2.3.

A solution containing 20 mg cm–3 of lactose was poured through a column containing the
immobilised enzyme.
The solution containing the products was collected and the concentration of glucose
measured.

Table 2.1 shows the student’s results.

Table 2.1

(i) Complete Table 2.1 to show the values of the mean total glucose collected.                [1]
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Table 2.2 shows the results of a number of statistical tests to find out if the differences in the 
activity of enzyme lactase were significant.

Table 2.2

(ii)    State what is meant by ‘significant at P < 0.05’.

[2]

(iii) The student concluded that immobilising lactase by adsorption onto the surface of glass
beads (A) has a greater activity than either of the other ways of immobilising the enzyme.

With reference to Tables 2.1 and 2.2, state the evidence that supports this conclusion.

[2]

[Total: 19 marks]
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3 R1 is a slide of a stained transverse section through a root of the plant Helianthus annuus, the 
common sunflower.

You are not expected to be familiar with this specimen. 

Fig. 3.1

(a) (i) Draw a large plan diagram of half of the root as shown in Fig. 3.1.

                 Use one ruled label line and the letter T to identify the tissue that is made up of cells 
adapted for the transport of water. 

[5]

(ii) Suggest one observable feature which supports the identification of the tissue T as being 
made up of cells that are adapted for the transport of water. 

[1]
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An eyepiece graticule scale can be used to measure the length of cells. To obtain an actual length,
the graticule scale must be calibrated against a stage micrometer. 

However, to obtain values for calculating a ratio, it is not necessary to calibrate the eyepiece 
graticule scale. 

(b) Observe R1 using the x10 objective lens. 
   
     Use the eyepiece graticule scale to find 

the radius of the region containing tissue T
the radius of root

           State the ratio between the radius of the region containing tissue T to the radius of root.

           You may lose marks if you do not show all the steps in finding the ratio. 

                                                                                                                ratio                      [3]
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Fig. 3.2 is a photomicrograph of a stained transverse section through a stem of the same plant 
species.

Fig. 3.2

(c) Prepare the space below so that it is suitable for you to record observable differences between 
the specimen in slide R1 and the specimen in Fig. 3.2.

[4]

J

K

L

M

N
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(d) Use the scale bar and the lines in Fig. 3.2 to find the actual width, in μm, of the vascular 
bundles labelled J, K, L, M and N.

You may lose marks if you do not show your working. 

      J                μm, K               μm, L                μm, M                μm, N                μm                  [3]
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(e) Fig. 3.3 shows a diagram of a stage micrometer scale that is being used to calibrate an 
eyepiece graticule.

One division, on either the stage micrometer scale or the eyepiece graticule, is the distance 
between two adjacent lines.

The length of one division on this stage micrometer is 0.01mm. 

Fig. 3.3

      Using this particular stage micrometer, where one division is 0.01mm, calculate the actual 
length of one eyepiece graticule unit, in μm, in Fig. 3.3. 

                                                                                                                                        [2]
               

[Total: 18 marks]
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use 1 Fig.1.1 shows an electron micrograph of part of a cell.

Fig. 1.1

(a) (i) Describe one function of the proteins present in organelles X and Y.
X: 
1. ATP synthase synthesises ATP during oxidative phosphorylation;
2. Electron carriers in electron transport chain transfers electrons, releasing 

energy for chemiosmosis; 
3. Enzymes for Krebs Cycle catalyse substrate-level phosphorylation /

dehydrogenation;
4. AVP: Any function of a protein / enzyme / ribosomal proteins within 

mitochondrion;

Y: 
5. Enzymes for lipid synthesis;
6. Enzymes for detoxification of drugs and poisons (in liver cells);
7. Enzymes for carbohydrate metabolism / e.g. breaking down glycogen to 

glucose;
R! if answers is on function of organelle instead of a protein in organelle [2]

(ii) Organelles X and Y are both membrane-bound. 

State two advantages of membranes in cells.
Compartmentalisation
1. Physically separate incompatible chemical reactions so they occur at the 

same time;
2. Separate different reactions temporally by time or sequence e.g. rER to GA / 

correct timing;
3. Allow high concentrations of enzymes and molecules to accumulate in 

specific compartments / larger surface area for attachment of 
proteins/enzymes/ribosomes to increase rate / efficiency of reaction;

4. formation of optimal environment so as to allow specific reactions to occur;

X
Y

tion n n n n ofofofofofofofofooofofoffo ooooooooooorg
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synthase, receptor / carry out a series of reaction in the right order e.g. 
electron carriers in the ETC;

6. Regulates movement of substances across membranes resulting in
selective permeability;

[2]

Fig. 1.2 shows the structural components of a virus that causes measles. The diameter of the 
virus ranges from 300 nm and 1000 nm. It can be found in the nose and throat mucus of 
infected people. It multiplies by entering and taking over the mechanisms of DNA replication of 
its host cell.

Fig. 1.2

(b) With reference to the information above and your own knowledge, discuss how this virus
challenges the tenets of the cell theory.

[4]

Option 1 Option 2
Tenets of cell theory 
that are relevant to 
this question (min 1):

1. all living things consist of 
cells;

2. the smallest unit of living 
thing is the cell;

Counter statement to 
the tenet (min 1):

3. However, the virus 
challenges the cell theory 
as it is acellular / not a cell;

4. However, the virus is 
simpler / more basic than 
the cell;

Evidence for “not a 
cell” or “more basic”:

5. They do not have organelles;
6. The virus is a lot smaller 

(300-1000nm) than a cell;
Evidence of living 
characteristics:

Min 1 for pt 5-9

7. They are also able to adapt to the external conditions;
8. They are able to reproduce;
9. It has its own genetic material (which codes for viral 

proteins);
                                                                                                                                           [Total: 8]
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use 2 Fig. 2.1 shows the structure of a type of phospholipid known as phosphatidylcholine.  

Fig. 2.1

(a) Contrast the structure of the phosphatidylcholine in Fig. 2.1 with the structure of a 
triglyceride molecule. 
1. Apart from the hydrocarbon tails, phospholipid has phosphate group/phosphate

and choline attached to glycerol, while triglyceride does not have any other group 
attached to glycerol;

2. Phospholipid has 2 hydrocarbon tails / ester bonds, while triglyceride has 3;

[2]

(b) Plants use both lipids and carbohydrates for energy storage. Explain how the structure of 
triglycerides make them more suitable for energy storage than starch.
1. Long hydrocarbon tails has many C-H bonds / more H than O;
2. More / twice as much energy released per unit mass;

[2]

(c) Phospholipase is an enzyme that can break down phospholipids, and it is found in bee 
venom. Suggest how bee venom destroys red blood cells.
1. Phospholipid bilayer makes up the cell surface membrane of red blood cells;
2. Phospholipase catalyses the hydrolysis of ester linkages in phospholipids;
3. Breaking down of phospholipids disrupt the bilayer, hence red blood cells 

rupture/lyse;

[2]
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                                                                                                                                          [Total: 9]

(d) Anagrelide is a drug that inhibits the action of phospholipase. An experiment was carried 
out to determine whether anagrelide is a competitive or non-competitive inhibitor. The 
results show that the rate of enzyme activity does not reach Vmax at high phospholipid
concentration. 

State which type of inhibitor anagrelide is and explain your answer.
1. Non-competitive;
2. Anagrelide binds to a site other than the active site, resulting in a change in the 

3D conformation of phospholipase;
R! Allosteric site

3. Hence, at high phospholipid concentration, fewer available active sites / 
phospholipid does not compete with anagrelide, so Vmax is not reached;

Must make reference to context to score full 3m
[3]
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use 3 Fig. 3.1 shows four of the incorrect suggestions for the structure of the DNA molecule before the 
actual structure was published in 1953.

Fig. 3.1

(a) One of the structures suggested in Fig. 3.1 is most similar to the one accepted today. 
Identify the structure and explain your choice.
1. Structure B;
2. Structure shown is double-stranded DNA;
3. The strands are anti-parallel;
4. Complementary base-pairing between purines and pyrimidines / A base pair with 

T and C base pair / form hydrogen bond with G;

@ 1m [3]

(b) Explain why the structure identified in (a) is rejected as the actual structure of DNA despite 
being the most similar to it.
1. The number of hydrogen bonds shown between G and C is 2 which is wrong,

instead of 3;

@ 1m [1]

A B

C D

Legend
        
          Hydrogen bond
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use Repeating nucleotide sequences are common in the genome of eukaryotes. These repeating 
sequences are non-coding and have been commonly referred to as ‘junk DNA’. ‘Junk DNA’ 
implies that these DNA sequences do not serve any function. 

(c) Suggest why the term ‘junk DNA’ is misleading.
1. *The term is misleading as some repeating sequences do have a function; 
2. E.g. any function of centromere

the adhesion point for sister chromatids in a chromosome/
site of assembly of the kinetochore/
essential for the equal segregation of sister chromatids during mitosis and 
chromatids in meiosis II, and the segregation of homologous chromosomes 
during meiosis I to opposite poles, and hence to daughter nuclei/
help organise the chromatin within the interphase nucleus;

3. E.g. any function of telomere
protect genes at the ends of chromosomes from being eroded during semi-
conservative DNA replication/
prevent chromosomal end-to-end fusions/
protect chromosomal ends from inappropriate enzymatic degradation/
act as signals for cells to enter replicative senescence, where cells stop dividing 
and may undergo apoptosis;

*compulsory pt                                                                                                       @ 1m [2]

Both eukaryotes and prokaryotes contain DNA as their genome. However, the overall 
organisation of their genetic information is quite different.

(d) State three differences between the organisation of genetic information in eukaryotes and 
prokaryotes.                                                                                                                       [3]

Feature Eukaryotes Prokaryotes
Telomeres 1. Present in chromosomes Absent (since DNA is circular);

Centromeres 2. Present in chromosomes Absent;
Amount of non-

coding DNA
3. Most DNA is non-coding / 

little DNA codes for proteins
Small amount of non-coding 
DNA (as most of the DNA codes
for protein, tRNA and rRNA);

Introns 4. Introns are present in 
between exons Introns are generally absent;

Arrangement of 
genes

5. Genes are far apart from 
each other (as there is large 
amounts of non-coding DNA 
between them);

Genes are closely packed (as 
there is little non-coding DNA 
between genes);

Regulatory 
sequences

6. Non-coding DNA is made up 
of both regulatory (e.g. 
promoters, enhancers,
silencers) and repetitive 
sequences

Non-coding DNA is mostly made 
up of regulatory sequences 
(such as promoters and 
operators);

Repetitive DNA 7. Presence of massive 
amounts of repetitive DNA

Most DNA is unique / Limited 
amount of repetitive DNA;

Genes involved 
in same 

metabolic 
pathway

8. Genes involved in the same 
pathway are usually 
physically separated from 
one another / Each gene has 
one promoter

Genes involved in the same 
metabolic pathway are 
organised into operons / Each 
operon with many genes has 
one promoter;

                                                                                                                                      [Total: 9]
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use 4 Fig. 4.1 shows a micrograph of a multicellular structure formed several days after fertilisation of 
an egg by a sperm. A type of stem cell can be extracted from this structure.

Fig. 4.1

(a) Identify the stem cells extracted from the structure shown in Fig. 4.1 and describe the 
normal function of these stem cells.
1. They are embryonic stem cells;               A! pluripotent stem cells
2. which have the ability to differentiate to form any organ / the three germ layers /

all cell types except extra-embryonic membranes;

No E.C.F. [2]

The level of gene expression in cells can be studied by measuring the time taken for mRNA in 
the cell to be broken down, which is indicated by the half-life of the mRNA.

(b) Outline how an RNA transcript is modified to form a mature mRNA in a eukaryotic cell.
1. Where a modified guanosine cap is added to the 5’ end of pre-mRNA;
2. while a polyadenine tail is added to the 3’ end;
3. Introns found in pre-mRNA are excised and the exons are spliced together by 

spliceosomes;

[3]

(c) Describe the significance of one of the modifications outlined in your answers to (b).
Addition of 5’ cap or 3’ poly(A) tail:
1. Protect the mRNA from degradation by exonucleases;
2. (allow binding of proteins) to facilitate the export of mRNA through nuclear pores;
3. (allow binding of proteins) to facilitate the initiation of translation;
Excision of introns:
4. Removal of non-coding regions of the mRNA to ensure accurate coding of amino 

acid sequence during translation / OWTTE;
5. Allow for alternative splicing of exons / OWTTE;
No E.C.F.

[1]
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use Research on stem cells have been carried out to investigate the mechanisms by which their
undifferentiated state was maintained. One particular gene of interest, Cnot3, was studied for its 
effects on the expression of other genes involved in cell differentiation.

Fig. 4.2 shows the half-life of different mRNA molecules when measured in normal stem cells 
(wild type, WT) and in mutant stem cells lacking the Cnot3 gene (–Cnot3). With the exception of 
Cnot3, the total number of different mRNA did not change.

Fig. 4.2

(d) Describe the effects of the Cnot3 gene on the expression of other genes.
1. In the absence of Cnot3 gene, there is a general increase in the half-life of mRNA

coded by other genes;
Cnot3 gene results in decrease in the half-life of mRNA coded by other genes

2. Quote appropriate and specific figures e.g.:
a. number of mRNA having a half-life of 24 hours is ~80 to 90 in wild-type cells,

but number of mRNA having a half-life of 24 hours increased to ~170 to 180 in
mutant cells OR 

b. highest number of mRNA molecules with a half-life of 6 or 7 hours in wild-type
cells, but highest number of mRNA molecules with a half-life of 24 hours in
mutant cells); 

R! 25 hours
3. Therefore, Cnot3 gene decreases the expression of other genes / decreased 

protein synthesis;

[3]

(e) Suggest how the Cnot3 gene regulates the expression of other genes.
1. Cnot3 gene codes for deadenylases / exonucleases which shortens the 3’ poly(A) 

tail;
2. Which triggers enzymes to remove the 5’ cap;
3. Leading to hydrolysis / degradation of mRNA;
4. mRNA templates lacking / cannot be used for translation;

[3]

                                                                                                                                         [Total: 12]

WT -Cnot3

Number of 
different mRNA

Number of 
different mRNA

mRNA half life (hour) mRNA half life (hour)
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use 5 Fig. 5.1 shows a virus attaching to the surface of its host cell.

Fig. 5.1

(a) Describe two structural features characteristic of the type of host cell shown in Fig. 5.1.
Any 2 of the following:
1. Unicellular;
2. Bounded by a peptidoglycan cell wall;
3. Contains circular DNA;
4. Contains 70S ribosomes;
5. Lacks membrane-bound organelles;

[2]

(b) Outline the different processes by which genetic variation may arise in the type of host cell
shown in Fig. 5.1.
1. Mutations can give rise to new alleles;
2. Transformation involves the exogenous DNA molecule to be taken up by 

competent recipient cells;
3. Transduction involves the transfer of bacteria DNA through a bacteriophage;

4. (During transformation or transduction) DNA from the donor cell may undergo 
homologous recombination with a homologous segment of the recipient cell’s 
chromosome, resulting in new combination of alleles;

5. Conjugation involves the transfer of F plasmid from F+ to F- cell through direct 
contact via a mating bridge;

[4]

sfe
ge;
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use Ciprofloxacin is an antibiotic that acts as an inhibitor of the enzyme DNA topoisomerase         
(Fig. 5.2). The inhibition of DNA topoisomerase in target cells prevent DNA from unwinding 
properly, therefore disrupting the process of DNA replication.

Fig. 5.2

(c) Briefly describe how topoisomerase allows the unwinding of DNA to be carried out properly.
1. Topoisomerase creates a double-stranded break ahead of the replication fork, so 

as to prevent the formation of supercoils;

[1]

(d) Describe two differences in the mode of action of ciprofloxacin and penicillin.

Max 2: [2]
Basis Ciprofloxacin Penicilin
Enzymes inhibited 1. Inhibits topoisomerase inhibits penicillin-binding 

protein / transpeptidase;
Process disrupted 2. Disrupts DNA replication /

prevent unwinding
disrupts cell wall synthesis /
cross-linking;

Effect on cell 3. Does not kill target cell / only 
prevents new cells from being 
formed

Results in osmotic lysis of
bacterial cell;

(e) Suggest why ciprofloxacin may also inhibit the replication of mitochondrial DNA.
1. Mitochondrion may have a prokaryotic origin hence its enzymes may be similar 

in structure to that of bacteria / ciprofloxacin targets enzymes which replicate 
circular DNA only;

[1]

                                                                                                                                         [Total: 10]
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use 6 A member of an endangered species was found to be infertile. Analyses found that the germline 
cells were not able to undergo meiosis properly. 

(a) Explain the role of meiosis in producing offspring. 
1. Meiosis allow for the formation of haploid / half the ploidy level of gametes;

2. which can fuse to form diploid organisms / prevent doubling of chromosomes
with each successive generation;

3. Meiosis results in the formation of genetically different gametes and hence
offspring; [2]

In nuclear division, CenH3 is a protein which associates the kinetochore complex with DNA. The 
mRNA sequence of the CenH3 gene in dysfunctional germline cells was slightly different from 
normal cells.

(b) Explain if the failure in meiosis is more likely caused by a gene mutation or chromosomal 
aberration.
1. Gene mutation;

2. The difference in the mRNA sequence indicates that the DNA sequence of only 
one gene was changed / slight changes;

3. A chromosomal aberration would result in major/no changes to DNA sequence;

[3]

(c) Describe the consequences of this mutation on meiosis.
1. The kinetochore complex is not able to attach to the centromere of the 

chromosomes;
2. So the spindle fibres are not able to attach to the chromosomes;
3. Cell cycle would not move past the M checkpoint;
4. Bivalents / pairs of homologous chromosomes would not be aligned at the 

metaphase plate at metaphase I;
5. Non-disjunction of homologous chromosomes / homologous chromosomes do

not separate in Anaphase I;
6. Some gametes having additional / missing chromosomes / no gametes are 

formed;

[3]

[Total: 8]
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use 7 In the sweet pea, Lathyrus odoratus, flower colour and shape of pollen grains are coded for by 
two different genes. The allele for purple flowers, A, is dominant to the allele for red flowers, a,
and the allele for long pollen grains, B, is dominant to the allele for round pollen grains, b.

Flower colour is caused by pigments known as anthocyanins, which are synthesised in flower 
cells. Fig. 7.1 shows the molecular structure of the anthocyanin resulting in purple flowers. 

Fig. 7.1

(a) With reference to the information provided, explain how the gene for flower colour results 
in the purple phenotype.
1. Gene for flower colour is a DNA sequence used as a template for transcription to 

produce mRNA;
2. mRNA is used as template for translation to form a polypeptide/protein;
3. This protein/enzyme is involved in the biochemical process producing 

anthocyanin;

[3]
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use A sweet pea plant that is heterozygous for both flower colour and shape of pollen grain is 
crossed with a sweet pea plant with red flowers and round pollen grains. The results of this 
cross are shown in Table 7.1.

Table 7.1

offspring phenotype number of offspring
red flowers, long pollen grains 380
red flowers, round pollen grains 25
purple flowers, long pollen grains 30
purple flowers, round pollen grains 365

(b) Draw a genetic diagram to show how the above cross resulted in the offspring shown in 
Table 7.1.

P phenotype purple flowers and long pollen  x  red flowers and round pollen 
P genotype                                          (Ab)(aB)  x  (ab)(ab);
Gametes                              

                            (aB)   (Ab)  (AB) (ab)               (ab) ;

                        Recombinant gametes
F1 genotype      (Ab)(ab)           (aB)(ab)                      (ab)(ab)                 (AB)(ab);
F1 phenotype    Purple flowers,     Red flowers,     Red flowers,   Purple flowers,    

Round pollen       Long pollen        Round pollen    Long pollen ;    

                                                                    Recombinant phenotypes
Note: ‘recombinant’ can be marked for either under gametes or F1 phenotype/genotype

[4]

(c) Explain why there are offspring with red flowers, round pollen grains and purple flowers, 
long pollen grains.
1. Gene for flower colour and gene for pollen grain length are found on the same 

chromosome (autosomal linkage);
2. Crossing over of non-sister chromatids of homologous chromosomes occurred 

at a chiasma between the 2 genes at prophase I, resulting in exchange of 
segments of the chromosomes;

3. Allele A is now on same chromosome as allele B / Allele a is now on same 
chromosome as allele b in recombinant gametes [allow E.C.F. from (b)];

4. When these recombinant gametes, (AB)/(ab) genotype, fused with gametes
with genotype (ab), recombinant phenotypes are produced; [3]

[Total: 10]
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use 8 Fish and amphibians belong to two separate classes – Class Chondrichthyes and Class 
Amphibia respectively.

(a) State the basis of biological classification.
1. Organisation of species according to shared characteristics;

[1]

(b) Describe the limitations of using morphology in classifying species. 
1. Individuals in the same species may look very different depending on their

gender or stage of life cycle;

2. Individuals which are not related may have similar structures due to convergent 
evolution;

3. Differences between species at the genetic level may not show up in the 
phenotype;

[2]

Some species of fish and amphibians have many phenotypic similarities. Fig. 8.1a and 8.1b
show the similarities in bone structure between fins of lobe-finned fish and limbs of a primitive 
amphibian.

Fig. 8.1a Lobe-finned fish                        Fig. 8.1b Primitive amphibian

(c) Explain how the similarities in bone structure support the theory of evolution. 
Descent:
1. The fins of the lobe-finned fish and limbs of amphibians are homologous 

structures;
2. Which were originated/derived from a common ancestor (due to a common set of 

genes);

With modification:
3. Although the fins and limbs have different functions, they have the same bone 

arrangement / similar bone structure;
4. Structures have been modified for different purposes due to different selection 

pressures in different environments over time, leading to divergent evolution;

[3]

mbs s s s hahahahave
ar bobbbbbbbbb neneneneneneneneneneneneeneneneneneneneneneeneneneneneneneeneeeeeeeeeeeeeeenee ssssssssssssssssssssssssssssssssssssstrtrtrtrucucucuctuttt r

beeebeeeeebebeeebeebebebebbbbbb eneeeneneneenneeneneeneeee  mmmmomoooooooooommooooooomooooomooooooomoooooooooooooooommmm dddididididddddddidddididddiddddididdddddididididddidididddddddddddddddddddddd ffififififff edededed fffororororr d
n dififfifififffiffififffiiifiiffffefefefeefefefefefefffffeffererererererererrrrererereereeeeeentntntnttntnntntntnttntntnttntnttnnt eeeeeeeeeeeeeeeeeeeenvnvnvnvnvnvnvnvnvnnvnvnvnvnvnvnvnvnvnvvvvvvvvvvvvnvvnnn irononononmememement

www.KiasuExamPaper.com 
94



ACJC 9744/02/Prelim 2019 [Turn over

16

E

For 
examiner’s 

use Among extant fish, the coelacanth and the lungfish are thought to be most closely related to 
amphibians. The amino acid sequences of the α chain of coelacanth and lungfish haemoglobin 
were compared to that of two species of amphibians, Xenopus laevis (Xl) and Rana catesbeiana 
(Rc). The results are shown in Table 8.1.

Table 8.1

Percentage of matches of amino acid sequence
Species of amphibian

Type of fish Xl Rc
Coelacanth 45.4 48.2
Lungfish 40.7 37.9

(d) (i) With reference to Table 8.1, draw a phylogenetic tree demonstrating the relationship 
between the three types of organisms – coelacanth, lungfish and amphibians.             

1. Coelacanth and amphibians share a more recent common ancestor than lungfish;

[1]

(ii) Explain your answer in (d)(i).
1. Higher percentage of matches amino acid sequence between coelacanth and 

amphibians than lungfish;
2. Similarities between coelacanth and amphibians ranged 45.4 to 48.2% while 

lungfish and amphibians only share 37.9-40.7% similarity / Similarities 
between coelacanth and amphibians averaged 46.8% while lungfish and 
amphibians only share an average of 39.3% similarity;

3. Indicating that coelacanth are more closely related / more recent common 
ancestor; [3]

(e) Describe the advantages of using molecular methods to compare evolutionary 
relationships.
1. Molecular methods are unambiguous and objective;

2. Results are quantifiable;

3. And are therefore open to statistical analysis;
4. Silent mutation taken into consideration when quantifying differences when 

molecular methods are used / These methods are able to reveal that some major
phenotypic differences may actually be due to small genetic differences;

5. Able to distinguish between convergent and divergent evolution;

6. Scientists are able to use both living and dead specimen material in 
classification of organisms / All known life forms from different taxa can be 
compared since all organisms possess nucleic acids as the genetic material /
amino acids in proteins; [3]

[Total: 13]
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use 9 Colostrum is a form of milk produced by mammals to feed their newborn babies for the first few 
days after birth. A diversity of molecule Y shown in Fig. 9.1 is found in colostrum from cows.

Fig. 9.1

(a) Outline how the presence of a foreign antigen may lead to the production of Molecule Y 
shown in Fig. 9.1.
1. Naïve B cells take the foreign antigen into the cell via receptor-mediated 

endocytosis OR
Macrophages/dendritic cells engulf foreign antigen by phagocytosis (and carry 
out intracellular digestion);

2. And present the antigen on their cell surface;
3. Activated helper T cells binds and secrete cytokines;
4. B cells are activated and undergo clonal expansion;
5. and differentiate into plasma cells that secrete antibodies;

@ 1m
[4]

(b) The chances of survival of a calf increase if it drinks colostrum. State one reason why 
colostrum increases the chances of survival of a calf.
1. (Calf immune system takes time to develop, hence) presence of antibodies in the 

colostrum neutralises the pathogen by agglutination/opsonisation/activation of 
complement system/preventing pathogen from binding to host cell receptors;

2. Passive immunity in the form of transferred antibodies is conferred to the calf;

@ 1m [1]

(c) Explain how class switching occurs to produce a diversity of Molecule Y.
1. Class switching is stimulated in plasma cells in the presence of cytokines

released by helper T cells;
2. Gene segments coding for the C domains are removed irreversibly;
3. and the intact gene segments coding for the V domain are rejoined to a different

gene segment coding for the C domains / Recombination of a gene segment
coding for the C domains of the heavy chain with the intact gene segments
coding for the V domains occurs;

4. The rejoined V and C gene segments are transcribed to mRNA which is translated
into a heavy chain polypeptide;

5. Resulting in a different Fc region of the antibody / constant domain of the heavy
chain hence changing the class of the antibody;

See “heavy chain” at least once in answers.
@ 1m

[3]

                                                                                                                                         [Total: 8]
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use 10 New research predicts that rising global temperatures will reduce yields in the world’s largest 
corn-producing regions and could lead to food shortages. Fig. 10.1 shows the global maize 
production projections under two different warming scenarios.

Fig. 10.1

(a) With reference to Fig. 10.1, describe the impact of rising temperatures from 2ºC to 4ºC on 
global maize production projections and its consequences.
1. * Increasing temperature from 2ºC to 4ºC results in a decrease in yield of maize 

by more than twice / significant / steep;
2. * (data) Relevant quote from Fig. 10.1 (comparison in any country or an average 

across countries e.g. 17.8% to 46.5% drop in U.S.A. or difference of 28.7% in 
U.S.A.);

Impact of maize yield decrease (max 1):
3. Food shortages can lead to starvation/ famine;
4. Decrease in food supply for livestock/ poultry, leading to further food shortages;  
5. Lower income/ loss of income for farmers, resulting in poverty/ economy of

country worsens;

                                                                                                  *compulsory marking pt [3]

(b) With reference to Fig. 10.1. and your own knowledge on photosynthesis, explain how 
rising temperatures affect the growth of maize.
1. Denaturation of enzymes in Calvin cycle e.g. Rubisco when temperatures rise 

above optimum temperature for growth of maize;  
2. Lower rate of carbon fixation / 3-phosphoglycerate (PGA) reduction / 

regeneration of ribulose bisphosphate (RUBP) / Calvin cycle, resulting in less 
glyceraldehyde-3-phosphate (GALP) / triose phosphate (TP);

3. less organic compounds synthesised and hence, less growth;
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[3]

(c) Based on the maize production projections in Fig. 10.1, other wild crops such as peanut,
potato and cow peas could reduce in numbers and become extinct. Predict the possible 
consequences of a reduced biodiversity in the region where these wild crops could be 
found.
1. Reduced genetic diversity, hence reduced resilience/ increased susceptibility of

crops when faced with extreme weather events such as droughts/ floods/ 
diseases;

2. Reduced food source for animals, can result in reduction/extinction of 
populations/disruption in food chain/ food web;

3. Loss of habitats for animals which live among the wild crops;
4. AVP / loss of biomedicine;

[2]

Fig. 10.2 shows the absorption and action spectra of photosynthetic pigments in maize.

Fig. 10.2

(d) State what is meant by the absorption and action spectra of photosynthetic pigments. 
1. The absorption spectrum is a graph showing the relative absorbance of different

wavelengths of light by a pigment;
2. The action spectrum is a graph showing how the different wavelengths of light

affects the rate of photosynthesis / effectiveness / efficiency in stimulating the 
process of photosynthesis;

[2]

Fig
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(e) The action spectrum is obtained by measuring the rate of oxygen released during 
photosynthesis. Explain why the production of oxygen during photosynthesis is an indicator
of the growth of maize plants.
1. During light dependent reactions, photolysis of water occurred and oxygen is

produced as a result;
2. Photolysis of water also releases electrons to fill the electron gap in chlorophyll a 

/ P680 / PSII which are accepted by NADP+ to form reduced NADP;
3. Which is required for the reduction of PGA to glyceraldehyde-3-phosphate

(GALP), which is used to synthesise organic compounds for plant growth;

[3]

                                                                                                                                         [Total: 13]
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Section A

Answer all the questions in this section.

1 The mitochondria in a cell undergo fusion and fission regularly. When mitochondria fuse, the 
contents within the different mitochondria are mixed together. Scientists hypothesised that mutated 
mitochondrial DNA (mtDNA) and damaged proteins can be sorted and accumulated within one 
mitochondrion during the fission process. Mitochondrial fusion and fission ensure that most 
mitochondria contain normal mtDNA and functional proteins. Fig. 1.1 shows the mitochondrial 
fusion-fission cycle.

Fig. 1.1

Membrane proteins such as mitofusins and Fis1 are important in facilitating mitochondrial fusion 
and fission processes respectively.

(a) (i) Explain how the fluid mosaic model is relevant to mitochondrial fusion and fission.
Fluid:
1. The mitochondrial membrane is fluid as it is made up of a phospholipid bilayer

and proteins which are held together by weak hydrophobic interactions;
2. Membrane fluidity allows the phospholipids to move and hence allows for 

membrane to pinch off / break apart (fission) / for two membranes to come 
together to form a continuous membrane (fusion);

Mosaic:
3. It is mosaic as the protein molecules such as mitofusins and Fis1 are 

embedded amongst the lipid molecules in a scattered / random manner;
4. so as to ensure that mitofusins and Fis1 proteins are always present in the 

different mitochondria to allow both fusion and fission to occur continuously;
5. or mitofusins may allow adhesion / binds to mitochondria to facilitate fusion /

AVP on facilitating fission;
Mention mitofusins / Fis1 at least once for full 4m

[4]
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A group of scientists studied the change in expression of mitofusin and Fis1 mRNA in the rat 
muscle cells after 45, 90 and 120 minutes of exercise. The change in the amount of mRNA 
produced after each exercise duration as compared to the resting conditions is indicated as the 
“fold change”. The results are shown in Fig. 1.2.

Fig. 1.2

(ii) Describe the relative changes in the expression of mitofusin and Fis1 under the different 
conditions.
Trend:
1. As the exercise duration increases, the levels of mitofusin mRNA decreases 

and that of Fis1 mRNA increases;
Data:
2. As the exercise period increases from 0 to 120min, the fold change value of

mitofusin mRNA decreases from 1 to 0.1;
3. while the fold change value of Fis1 mRNA increases from 1 to 2.7;

[3]

(iii) At 120 minutes of exercise, it was observed that there were many mitochondria which were 
smaller than usual. With reference to Fig. 1.1 and Fig. 1.2, explain these observations.
1. High levels of Fis1 mRNA results in more Fis1 proteins to facilitate fission / 

low levels of mitofusin mRNA results in less mitofusin proteins to facilitate 
fusion;

2. There will be a higher rate of mitochondrial fission than fusion;

[2]
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Replication of mtDNA is continuous throughout the cell cycle, giving rise to many copies of mtDNA 
per mitochondrion. Fig. 1.3 shows a schematic diagram of the initiation of mtDNA replication.

Fig. 1.3

(b) Compare the process in Fig. 1.3 and the polymerase chain reaction.

Similarities (at least 1):
1. Both involve the synthesis of DNA / addition of free deoxyribonucleotides using 

DNA templates;
2. Both involve DNA polymerases;
3. Both processes synthesise DNA using the semi-conservative mechanism / both 

DNA strands serve as templates for DNA replication / both involve 
complementary base pairing;

4. Both require primers for the elongation of new DNA strands;
5. New strands are synthesised in the 5’ to 3’ direction / template is read from 3’ to 

5’ direction;

Differences (at least 1):
6. Helicase is required to separate the strands in mtDNA replication but PCR uses 

heating to 95 C;
7. RNA primers used in mtDNA replication while DNA primers are used in PCR;
8. Single-stranded DNA Binding Proteins (SSBPs) used in mtDNA replication but in 

PCR temperature is kept at a 55 C to allow annealing of primers but not 
reannealing of the template strands;

9. DNA polymerase elongates of DNA body temperature / cellular conditions while 
thermostable Taq polymerase in PCR elongates DNA at 72 C / in a 
microcentrifuge tube;

10. PCR only amplify a segment flanked by the primers but the whole mitochondrial 
DNA molecule can be replicated;

11. Synthesis of new strands in PCR is continuous while in DNA replication the 
synthesis of leading strand is continuous and synthesis of lagging strand is 
discontinuous; A! presence / absence of okazaki fragments

R! End-replication as mtDNA is circular
R! presence or absence of specific enzyme / protein [4]
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The mtDNA contains 37 genes, of which 13 code for protein subunits of the different electron 
carrier complexes embedded in the inner mitochondrial membrane. Mutations in the mtDNA often
occur in the form of multiple or large-scale deletions involving several genes. As the number of 
mutated mtDNA copies increases in the cell, an individual will start to show symptoms such as 
lethargy and lactate accumulation. The levels of normal and mutated mtDNA copies in the cells 
can be monitored using the following procedure:

1. Cells are homogenised. The cell mixture is first centrifuged at low speed and the pellet
(solid residue) is removed. 

2. The supernatant (liquid component) is then centrifuged again at a higher speed so that the 
mitochondria can be found in the pellet.

3. The purified mitochondria are homogenised.
4. Restriction enzymes, EcoRI, are added. EcoRI will cut the mtDNA at specific nucleotide 

sequences.
5. Gel electrophoresis is carried out. DNA fragments are visualised using ethidium bromide.

Scientists carried out the above procedure using normal and mutated mtDNA copies within cells 
from two different individuals – a patient suffering from lethargy and lactate accumulation and a 
healthy individual. The results are shown in the gel electrophoregram in Fig. 1.4. The molecular 
weight markers were loaded in lane M. DNA sample from the patient was loaded in lane 1, while 
DNA sample from the healthy individual was loaded in lane 2.

Fig. 1.4

(c) (i) Explain why it was necessary to remove the pellet in step 1.
1. The largest and densest organelle is the nucleus and step 1 removes the 

nucleus;
R! if mentioned with other organelles

2. Nucleus contains genomic DNA which can contaminate the isolation of the
mitochondrial DNA;

[2]
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(ii) Describe the principles of gel electrophoresis.
1. Gel electrophoresis separates DNA fragments based on differences in their 

sizes / charge-mass ratio / molecular weight / length / smaller fragments travel 
a longer distance within a given time;

2. As the agarose gel acts as a molecular sieve for the DNA fragments;
3. Negatively-charged DNA moves towards the positive electrode when an 

electrical current / field is applied for a fixed duration;

[3]

(iii) Using the information provided, explain why different band patterns are observed for lanes 
1 and 2.
1. (Data) In lane 1, there are smear / multiple bands corresponding to fragments 

of sizes below 9.4 kb, while in lane 2, there is a thick band corresponding to 
fragment of size 9.4 kb;

2. Due to the accumulation of mutations, there are different nucleotide 
sequences;

3. leading to different number of restriction sites found at different locations
within the mtDNA; (idea of different, either number or location is fine)

4. As many genes are deleted, many different / smaller fragments can be found 
further away from the well;

Max 3
[3]
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Newborns have a large amount of brown fat tissue, which contains abundant mitochondria. Brown 
fat cells express the protein, thermogenin, which is embedded in the inner mitochondrial 
membrane. Protons flow through the channel in thermogenin instead of ATP synthase. As a result, 
the proton gradient is less steep, and energy is released in the form of heat. This keeps the babies 
warm.

The mitochondrial matrix has a pH of about 7.8. The intermembrane space of mitochondria in 
different cells exhibit different pH values, as shown in Table 1.1.

Table 1.1

Cells from which mitochondria 
are isolated

pH in intermembrane space

Resting muscle 7.0
Muscle during exercise 6.8
Brown fat 7.4

(d) (i) Explain the difference in pH values in the intermembrane space and the matrix of the 
mitochondria in the resting muscle cells.
1. (data) The intermembrane space has a lower pH value of 7.0 vs. pH 7.8 in the 

matrix;
2. Reduced NAD and FAD release high energy electrons;
3. And electrons are passed down the electron transport chain (electron carriers

of decreasing energy levels), energy is released;
4. Energy is used to pump proton from the matrix into the intermembrane space, 

building a proton pool / establish a proton gradient; *Ref to one correct 
location

[4]

(ii) Explain how low oxygen concentration will result in the newborns suffering from a drop in 
body temperatures.
1. Oxygen acts as the final electron and proton acceptor in the electron transport 

chain;
2. When the concentration of oxygen is low, less reduced NAD and FAD are not 

able to release electrons into the ETC / less transfer of electrons down the 
electron carriers;

3. The proton pool is quickly dissipated / reduction of proton gradient (as the 
protons flow through ATP synthase and /or thermogenin);

4. Less protons flow through thermogenin, and less heat is produced;

[3]

(iii) The respiratory processes in the mitochondria require oxygen. Explain how oxygen is 
transported into the mitochondria.
1. Oxygen is a small AND non-polar molecule;
2. Hence, it can diffuse across the hydrophobic core / through the transient pores 

of the phospholipid bilayer;

[2]

[Total: 30]
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2 Antibodies are proteins produced by the mammalian immune system.

(a) Describe two ways antibodies can mediate the removal of pathogen from the host’s system.
Antibodies bind to antigens on the pathogen and carry out:

1. Neutralisation whereby they prevent pathogen from binding to host cell receptors 
and gaining entry into host cell;

2. Opsonisation – so that phagocytes recognise and phagocytose the pathogen;
3. Antibodies can trigger activation of complement system, which result in 

formation of pores in the cell surface membrane and osmotic lysis of targeted 
cells;

[2]

HIV-Enzyme-Linked ImmunoSorbent Assay (HIV-ELISA) is a type of blood test used to diagnose
chronic infection with Human Immunodeficiency Virus (HIV). The concentration of HIV antigens in 
blood samples obtained from a patient who is infected with HIV can be measured using antibodies 
specific for these antigens. 

Fig. 2.1 illustrates how the HIV-ELISA works. HIV antigens from the blood samples are 
immobilised on the surface of wells and incubated with an enzyme-labelled antibody. Excess 
unbound antibodies are washed off and the enzyme's substrate is then added. The enzyme-
catalysed reaction results in a colour change, from colourless to yellow. The concentration of the 
HIV antigens can be quantified by measuring the absorbance of each sample at the end of the 
assay.

Fig. 2.1

(b) (i) With reference to Fig. 2.1 and the information provided, explain how the structure of an 
antibody allows it to be used in the assay.
1. The Fab region / variable (V) domains / antigen binding sites of the antibodies 

have a unique 3D conformation;
2. The antigen binding sites are complementary to the 3D conformation of the 

HIV antigen immobilised in the well; 

3. The antibody has a binding site formed by the Fc region / constant domains of
the heavy chain, for enzyme to bind for catalysis / formation of 
coloured/yellow product;

d thehe i
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[3]

     (ii) Draw a graph to show the expected relationship between the concentration of antigen and 
absorbance.

A! so long as it is upward trend (e.g. exponential or plateau at high conc.) [1]

(iii) Suggest two reasons why HIV-ELISA may sometimes fail to detect the presence of HIV 
antigen in the blood sample of the patient.
1. The HIV provirus is integrated in the DNA of infected host cells and remains 

dormant / latent / no or low expression of the HIV antigens;
2. Concentration of HIV antigen in the patient’s blood sample is too low for 

detection; 
3. Antibody used is not specific to different strains of HIV virus / for the 

particular HIV variant that the patient is infected with / any idea of changing 
3D conformation of HIV antigen;

4. AVP;
[2]

(c) Describe how HIV results in the death of the host cell.
1. Helper T cells infected with HIV may bind to adjacent uninfected CD4+ T

cells/macrophages and fuse together, forming giant syncytium;
2. The syncytium may lyse / is recognised and killed by cytotoxic T cells which

induce apoptosis of host cell;
OR
3. Release of HIV particles require the evagination of host cell membrane during 

budding resulting in loss of host cell membrane;

4. induced apoptosis of host cell;

OR
[2]

5. Natural killer/ cytotoxic T cells release perforin and granzymes;
6. Inducing apoptosis / osmotic lysis of host cell;

[Total: 10]

;
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3 Elevated atmospheric carbon dioxide (CO2) concentration is a major contributor of climate change. 
The levels of CO2 has increased from the pre-industrial revolution period of 280 ppm in 1750 to 
393 ppm in 2012. Atmospheric CO2 is expected to increase to 900 ppm by the end of the 21st

century.

(a) Explain how human activities have significantly contributed to the increase in CO2 levels in the 
atmosphere.

1. Burning of fossil fuels such as coal, a carbon-intensive fuel which contributes to 
the increase of CO2 levels in the atmosphere;

2. Deforestation, which results in a diminishing carbon sink / burning of trees and 
soil disturbances which also increase the amount of CO2 in the atmosphere;

3. Purpose: allowing human activities such as transportation / production of 
electricity / timber / agricultural / settlements

R! Increased meat consumption because mainly contributes to methane production

[3]
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It has been observed that the levels of CO2 have an effect on the morphology of plants. The 
stomatal density of existing and fossilised plants was observed in relation to the concentration of 
CO2 in the atmosphere. Existing plants are indicated by open symbols ( ) and fossilised plants are 
indicated by filled symbols ( ) in Fig. 3.1.

Fig. 3.1

(b) With reference to Fig. 3.1, describe the overall trend observed.
1. As concentration of carbon dioxide increased, stomatal density decreases for 

both existing and fossil plants;
2. At (100 – 130) 110ppm of carbon dioxide concentration, 

stomatal density is (480 – 495) 490 mm-2 and at 2000 ppm of carbon dioxide 
stomatal density is (150 – 180) 170 mm-2;

[2]

www.KiasuExamPaper.com 
110



12

ACJC                                                                      9744/03/Prelim 2019 [Turn over

For 
Examiner’s 

Use

Research has identified several molecules that may be involved in stomatal density in developing 
leaves at elevated CO2 levels. One such molecule is the stress hormone, abscisic acid (ABA).
ABA binds to the ABA-G Protein-Linked Receptor (ABA-GPLR) and increases the expression of
genes involved in stomatal development such as ASI and RAB. A schematic representation of the 
pathway is shown in Fig. 3.2. Dashed arrows represent multiple steps.

Fig. 3.2

(c) Using the information provided and your own knowledge, describe the mechanism by which 
ABA affects stomatal density in developing leaves.

1. Binding of ABA to the (binding site on the ) ABA receptor causes the receptor to 
change its 3D conformation which allows it to bind a specific G protein;

2. G protein replaces GDP with GTP and is activated;
3. G protein binds to and activate adenyl cyclase resulting in production of cAMP / 

protein kinases / phosphorylation cascade / relay proteins;
4. hence activating membrane-bound phospholipase D (PLD);
5. Phospholipase D breaks down/converts phospholipid A (PA) to phosphatidic 

acid (PPA);
6. PPA activates a series of relay proteins / kinases / phosphorylation cascade;
7. PPA activates / resulting in the activation of an activator which binds to the 

enhancer / expression of more transcription factors which bind to promoters, 
and increase transcription of ASI and RAB genes, leading to a change in 
stomatal development (in high CO2 levels) / AVP to increase transcription;

[5]

[Total: 10]
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Section B

Answer one question in this section.

Write your answers on the separate writing paper provided.

Your answers should be illustrated by large, clearly labelled diagrams, where appropriate.

Your answers must be in continuous prose, where appropriate.

Your answers must be set out in parts (a) and (b), as indicated in the question.

4 (a) Rabbits, which are usually found in meadows and woods, show a variation of coat 
colour. Five genes control the distribution of pigments, resulting in a range of coat 
colours ranging from black to brown. Coat colour is darker at cold temperatures and 
lighter at warm temperatures. Some of the five genes have multiple variants at each 
gene loci and the expression of one gene is also temperature sensitive.

Explain whether coat colour shows continuous or discontinuous variation and discuss, 
with the use of the various species concepts, whether two rabbits showing distinctive 
coat colours can be considered as the same or different species.                            [15]

(b) In the debate of “nature versus nurture”, “nature” often refers to genetic factors while 
“nurture” refers to the environmental variables that can influence phenotypes. Discuss 
the extent to which phenotypic variation in a population is influenced by “nature” 
and “nurture”.                                                                                                             [10]

[Total: 25]

5 The development of cancer is a multi-step process that involves the accumulation of 
mutations. While some mutations occur spontaneously due to errors in DNA replication, 
others could be induced by environmental factors or biological agents. These mutations 
might cause cells to bypass cell cycle checkpoints. The risk of developing some types of 
cancer such as cervical cancer or stomach cancer can be reduced in susceptible individuals 
with the use of vaccination or antibiotics.

(a) Explain how chromosomal aberrations can lead to the dysregulation of the cell cycle 
and suggest why gene mutations do not always lead to the formation of a tumour. [15]

(b) Studies have shown a correlation between human papillomavirus infection with 
cervical cancer, and infection by certain strains of Helicobacter pylori with stomach 
cancer. Discuss the usefulness of vaccination and antibiotics in minimising the risk of 
an individual developing cancer.                                                                                [10]

[Total: 25]

[End of Paper]
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Essay Answers

4 (a) Rabbits, which are usually found in meadows and woods, show a variation of coat 
colour. Five genes control the distribution of pigments, resulting in a range of coat 
colours ranging from black to brown. Coat colour is darker at cold temperatures and 
lighter at warm temperatures. Some of the five genes have multiple variants at each 
gene loci and the expression of one gene is also temperature sensitive.

Explain whether coat colour shows continuous or discontinuous variation and discuss,
with the use of the various species concepts, whether two rabbits showing distinctive 
coat colours can be considered as the same or different species.                            [15]

Variation of coat colour [max 7m]
1. Coat colour shows continuous variation;
2. The variation shows graded/non-discrete phenotypes / a complete/unbroken/smooth

range/spectrum of forms from one extreme to the other;
3. frequency distribution shows a normal distribution curve (x-axis the phenotype and y-

axis is frequency);
4. E.g. Different distribution of pigments will allow for a variety of coat colours to be seen 

e.g. black to brown;
5. Coat colour is a form of polygenic inheritance / determined by several different genes;
6. E.g. expression of coat colour involves five different genes;
7. which each have a small and additive effect;
8. Some of the five genes have multiple alleles;
9. hence giving rise to multiple combination of genotypes, hence increasing the variations 

possible leading to a continuum of graded phenotype;
10. Variation in phenotypes are also largely influenced by environmental conditions;

(exclude awarding marks for this point if its influenced by temperature)
11. E.g. There is a temperature sensitive gene that controls fur pigmentation/colour, hence 

coat colour is darker in cold temperature and lighter in warm temperature / heat 
prevents the development of dark pigment;

Species concepts [max 8m]
Species concept How we can use the concept to 

argue for same or different 
species

Additional supporting 
explanation to Qn on rabbits

12. biological species 
concept defines a
species as a 
population, whose 
members are 
actually or 
potentially capable 
of interbreeding
with one another, 
in a natural 
environment, to 
produce viable 
fertile offspring;

13. Since the five genes only affect 
the coat colour of the rabbits 
and not traits which affect their 
ability to interbreed with each 
other, hence they can still be 
considered as the same 
species OR 
coat colour affected the 
rabbits’ ability to interbreed 
hence they are not the same 
species;

14. The rabbits that are of 
different coat colour may 
choose to breed with 
rabbits of similar / 
specific colours / 
selective / preferential 
breeding of specific 
rabbits with specific coat 
colour, hence they do not 
interbreed and are not 
considered the same
species;

15. Limitation: It is difficult to 
know if geographically 
isolated populations can 
potentially interbreed; R! 
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Species concept How we can use the concept to 
argue for same or different 
species

Additional supporting 
explanation to Qn on rabbits

asexual / fossil
16. ecological species 

concept is based 
on a species’ 
ecological niche –
its unique and 
particular role in an 
ecosystem;

17. Since the rabbits with different
coat colours still occupy the 
same unique and particular 
role in an ecosystem, hence 
they can still be considered as 
the same species OR 
Rabbits with different coat 
colours may occupy different
niche hence they are not 
considered the same species;

18. because of their different 
ability to camouflage in 
different environments/ 
be preyed on by different 
predators, hence they do 
not occupy the same 
unique and particular role
in an ecosystem;

19. Limitation: changes in 
behaviours/predators etc. 
may result in different 
definition of species;

20. genetic species 
concept defined 
species based on 
the genetic 
distance between 
populations and 
whether the 
populations are 
genetically isolated
from each other;

21. Since the rabbits are
genetically similar / low genetic 
variation / do not have 
sufficient genetic differences / 
distance hence they are
considered the same species
OR 
there is sufficient genetic 
differences / distance to be 
considered as different
species;

22. Multiple variants / alleles
at each gene locus result 
in different nucleotide 
sequences in rabbits with 
different coat colours, 
hence they have 
sufficient genetic 
differences;

23. Limitation: Difficult in 
inferring how different 
two species should be 
genetically;

24. ^Limitation: genetic 
distance should be 
measured using the entire 
genome, but often, only a 
small part of the genome
(5 genes in this context)
is used;

25. phylogenetic 
species concept
defines a species 
based on their 
genetic history and 
evolutionary 
relationships, with 
reference to their 
homologous 
structures and 
nucleotide and 
protein sequences;

26. Since the rabbits form the 
smallest group that shares a 
same / recent / common 
ancestor, hence they can still
be considered the same 
species OR 
The rabbits has a more distant
common ancestor and hence 
considered as different 
species;

27. The rabbits share a high 
degree of similarity in 
homologous structures
(same) / do not share 
sufficiently high degree of 
homology (different);

28. ^Limitation: genetic 
distance should be 
measured using the entire 
genome, but often, only a 
small part of the genome
(5 genes in this context)
is used;

29. *Limitation: Differences 
between rabbit species at 
the genetic level may not 
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Species concept How we can use the concept to 
argue for same or different 
species

Additional supporting 
explanation to Qn on rabbits

show up in the 
phenotype;

30. morphological 
species concept
defines species 
based on physical 
resemblances and 
differences /
compare physical 
appearances;

31. Rabbits have different coat 
colours but they look largely 
similar to each other based on 
physical characteristics, hence 
they can be considered the 
same species OR 
Since the rabbits look very 
different from each other 
because of their different coat 
colours, hence they can be 
considered different species;

32. Examples of rabbit 
morphologies to suggest 
that they are same 
species e.g. defining 
bunny ears / fur / size 
etc.;

33. *Limitation: Differences 
between rabbit species at 
the genetic level may not 
show up in the 
phenotype;

^Pt 24 and 28 mark once.
*Pt 29 and 33 mark once.

34. QWC: At least 2 valid points from first part of Qn. At least 2 species concepts mentioned 
for second part of Qn;
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4 (b) In the debate of “nature versus nurture”, “nature” often refers to genetic factors while 
“nurture” refers to the environmental variables that can influence phenotypes. Discuss 
the extent to which phenotypic variation in a population is influenced by “nature” 
and “nurture”.                                                                                                             [10]

1. Stand: The phenotype of individual organisms results from the interaction of the 
individual’s genotype as well as the environment in which it lives in;

Influences by “nature”
2. Genotype / the genetic makeup of an organism is made up of genes which are 

sequences of deoxyribonucleotides;
3. Genes are transcribed to form mRNAs;
4. mRNAs are translated into polypeptides / proteins;
5. These proteins have particular functions / roles and may affect metabolic pathways, 

giving rise to the phenotype of the organism; A! correctly phrased e.g.
6. Genetic variation in the form of different alleles / sequences of DNA among different 

individuals (A! in context of mutation);
7. Presence of dominant allele will result in the dominant trait being expressed;
8. Require both copies of alleles to be recessive in order to express the recessive trait;
9. Gene interaction can also result in specific traits to be expressed;
10. Gender determined by sex chromosomes inherited;
11. (“Nature” effect only) Named examples of genetic disorders due to the genetic makeup / 

genotype: sickle cell anaemia / haemophilia / Down’s syndrome / predisposition to 
cancer;

AVP. Processes in meiosis & sexual reprod resulting in genetic variation, e.g. crossing over, 
independent assortment, random fusion of gametes;

Influences by “nurture” / environment -
12. Environmental factors may affect the level of expression of different genes / Ref. to 

epigenetics;
13. Ref. to specific mechanisms of the control of gene expression (e.g. methylation of DNA);
14. Heat prevents the development of black pigment in Himalayan rabbits hence black fur 

only grow in cooler parts of the body / the queen bees are differentiated from the female 
worker bees as queens are fed on a diet of royal jelly;

15. There could be acquired traits / characteristics resulting from environmental influence;
16. Example: Such as cancer due to prolonged exposure to a carcinogen / permanent

injuries due to an accident / Ref. to specific example;

“Nature” and “Nurture” changing phenotypic variation in the populations
17. In natural selection;
18. Environmental factors may act as selection pressures;
19. Individuals with the favourable phenotypes selected for;
20. More of these individuals with favourable phenotypes are able to survive to sexual 

maturity and pass on the alleles coding for advantageous traits to the next generation /
higher reproductive success;

21. Over time, increase in frequency of alleles coding for favourable traits in the gene pool 
of the population;

22. Environmental factors such as natural disasters / (new volcanic) islands may lead to a 
reduction of population size;

23. Resulting in bottleneck effect / founder effect respectively i.e. genetic drift;
24. Effect/extent of the change in phenotypic variation is larger for smaller populations;
25. These change the frequency of alleles in the population drastically, hence changing the 

phenotypic variation within the population;
AVP. Ref to artificial selection;

26. QWC – At least one valid point from “nature”, “nurture” and variation in “population”;
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5 The development of cancer is a multi-step process that involves the accumulation of 
mutations. While some mutations occur spontaneously due to errors in DNA replication, 
others could be induced by environmental factors or biological agents. These mutations 
might cause cells to bypass cell cycle checkpoints. The risk of developing some types of 
cancer such as cervical cancer or stomach cancer can be reduced in susceptible individuals 
with the use of vaccination or antibiotics.

(a) Explain how chromosomal aberrations can lead to the dysregulation of the cell cycle 
and suggest why gene mutations do not always lead to the formation of a tumour. [15]

Chromosomal aberrations and cancer-related genes (max 9m)

1. Proto-oncogenes code for proteins that stimulate cell division;
2. Tumour suppressor genes code for proteins that inhibit cell division;

3. Chromosomal aberrations can be in the form of a change in the structure of 
chromosomes or the number of chromosomes;

4. Translocation can occur, where a section of a chromosome breaks off and attaches to a 
non-homologous chromosome;

5. A proto-oncogene may be moved from its normal location in one chromosome to 
another, where it is placed under the control of enhancers / a more active promoter
which stimulates cell division;

6. A tumour suppressor gene could be moved and placed under the control of silencers / a 
less active promoter which inhibits cell division;

7. Deletion involves the loss of a section of the chromosome (where the breaks occur at 
two points along the length of a chromosome);

8. The possible loss of tumour suppressor genes in the deleted section will lead to a lack 
of expression of its gene product which inhibits cell division;

9. Inversion occurs when a segment of nucleotide sequences/section of chromosome 
separates, reversed its sequence and rejoins at original position;

10. Which may result in the nucleotide sequence of the tumour suppressor gene being read 
in the reversed manner / wrongly / results in different mRNA / a.a. sequence;

11. resulting in the formation of a non-functional (A! mutant) tumour suppressor protein to
inhibit cell division/initiate DNA repair/promote apoptosis;

12. Duplication involves replication of a section of the chromosome, resulting in an 
increased number of copies of certain genes / a set of gene loci is repeated;

13. The multiple copies of a proto-oncogene will lead to an increased expression of its gene 
product / excess (onco)proteins which stimulates cell division;

14. Aneuploidy / polyploidy can result from non-disjunction during mitosis or meiosis / 
failure of sister chromatids to separate during anaphase / failure of homologous 
chromosomes to separate during anaphase I / failure of chromatids to separate during 
anaphase II;

15. An increase in the number of copies of a proto-oncogene will lead to an increased 
expression of its gene product / excess (onco)proteins which stimulates cell division;

AVP. A loss of chromosome/n-1 may lead to loss of tumour suppressor gene which leads
to a lack of expression of its gene product which inhibits cell division.

Dysregulation of cell cycle
16. Loss of proteins involved in regulating cell cycle check point / Future cell cycle is not 

inhibited when DNA is damaged;
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17. Leading to uncontrolled cell division;

Why gene mutations do not always lead to tumour formation (max 6m)

Ref. to multi-step model of cancer
18. A single gene mutation only affects one gene, unlike chromosomal mutations;
19. (In a diploid organism), both copies of the tumour suppressor gene must be mutated so 

that no functional gene product can be produced, to result in abnormal cell proliferation
OR 
If mutation occurs only in one copy of tumour suppressor gene, and the other copy of 
tumour suppressor gene was able to code for sufficient functional proteins to prevent 
the cell from dividing abnormally;

20. Accumulation of mutations in several genes are required in a single cell lineage before 
the cell becomes cancerous;

21. Provide e.g. of such genes referred to in Point 20 (genes controlling anchorage 
dependence or density-dependent inhibition, genes coding for telomerase, genes 
controlling the process of angiogenesis);

Ref. to mutations that lead to no/little change in proteins (silent/neutral)
22. Mutations may have occurred within introns, which are excised from the primary RNA 

transcript after translation, hence are non-coding;
23. The changed codon might still code for the same amino acid due to the degeneracy of 

the genetic code;
24. The changed codon might code for a different amino acid with a similar R group / 

chemical property, hence not affecting protein structure;
25. The amino acid affected by the mutation may not serve a critical role in the protein 

which it is found in / non-essential amino acid;

26. AVP where examples of mutations in cancer-critical genes do not lead to tumour 
formation;

27. QWC – At least two valid points from both parts of the question;
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(b) Studies have shown a correlation between human papillomavirus infection with 
cervical cancer, and infection by certain strains of Helicobacter pylori with stomach 
cancer. Discuss the usefulness of vaccination and antibiotics in minimising the risk of 
an individual developing cancer.                                                                               [10]

1. Stand: Vaccination and antibiotics can be useful in minimising the risk of cancer 
(sometimes) but may not be useful;

Vaccination (max 5m)
Useful Not Useful (instead it poses a risk)
2. Vaccination may protect against / 

prevent infections with subsequent 
exposure to pathogen and subsequent 
development of cancer;

3. Cancer results from the insertional 
mutagenesis during viral replication /
viral genome integration results in
mutated cancer-related genes / human 
papilloma virus produce proteins which 
inhibit tumour suppressor proteins (such 
as p53) and so promote inappropriate 
cell division;

AVP. Vaccination only prevents diseases 
and does not treat patients who are already 
infected;

4. A vaccine contains a weakened or 
inactivated form of a foreign pathogen;

5. Meant to induce immunological memory
to a disease due to the formation of 
memory T and B cells during the 
adaptive immune response;

6. Herd immunity may also be extended to 
people who are not vaccinated, if a 
sufficiently large proportion of the 
population is vaccinated;

7. However, live vaccines carry the risk of 
reverting to its virulent form, causing 
disease / risk of producing serious
infection in immunocompromised 
individuals;

8. Vaccines may also lead to rare adverse
reactions due to allergies;

9. The vaccines may not protect against all 
strains of pathogens / only contain a 
specific strain of pathogen;

10. Vaccines may not always work for the 
patients to benefit due to e.g. limited 
efficacy / expire / limited shelf life;

Antibiotics (max 5m)
Useful Not Useful (instead it poses a risk)
11. Bacterial infections predisposing 

individuals to cancer can also be treated/
prevented using antibiotics;

AVP. Antibiotics is only temporary, and 
does not prevent infection nor produce 
immunological memory;

12. Antibiotics are substances which kill or 
inhibit the growth of bacteria;

13. E.g. penicillin which inhibits the cross-
linking of bacteria cell wall, leading to 
osmotic lysis of the cell;

14. However, antibiotics may lead to rare 
adverse reactions due to allergies;

15. Or cause side effects due to similarities 
between the target prokaryotic cells and 
the eukaryotic host cells;

16. Antibiotics may select for antibiotic-
resistant bacteria resulting in bacterial 
infections that are hard to eradicate / 
treat;

17. Antibiotics may not always work for the 
patients to benefit due to e.g. limited 
efficacy / expire / limited shelf life;

AVP. May kill harmless/beneficial bacteria in 
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the body

Both are not useful against non-infectious causative factors of cancer:
18. However, both are not useful to prevent against cancer which results from a non-

infectious causative factor;

Either:
19. E.g. named chemical carcinogen (polycyclic aromatic hydrocarbons, or PAHs / ethidium 

bromide)
20. Describe the effect of the named chemical carcinogen (bind to / intercalates within DNA 

of cells to cause damage of DNA)

OR:
21. E.g. named radiation type (X-rays, gamma-rays, radon gas, non-ionising radiation);
22. Describe the effect of the named radiation type (high energy radiation produces free 

radicals which are chemically very reactive which can interact with DNA to result in 
chromosomal aberrations / UV light results in DNA mutations by causing covalent 
linking of thymine bases that are adjacent on a DNA strand);

OR:
23. E.g. inherited mutant allele; 
24. which results in a predisposition to cancer;

25. QWC – At least one valid point for vaccination and antibiotics each AND one point on 
non-infectious causative factor;
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Answer all questions.

1 Amylase A catalyses the hydrolysis of starch into a reducing sugar, glucose. 

You are required to follow the time course of this enzyme-catalysed reaction by testing the 
reaction mixture for glucose. Samples of the reaction mixture are drawn at intervals over 15
minutes and tested for glucose using Benedict’s solution.

The progress of the reaction will be determined by estimating the amount of glucose formed from 
starch, using a standard curve.

You are provided with:

5 cm3 of 4% glucose solution, G
15 cm3 of Benedict’s solution, B
5 cm3 of amylase solution, A
10 cm3 of starch solution, S

Proceed as follows.

Section A: Preparation of standard curve using different concentrations of the glucose
solution

1 Set up a water bath of suitable depth and heat it to boiling.

2 Label five test tubes 0.25%, 0.50%, 1.00%, 2.00% and 4.00% glucose solution and add 
0.5 cm3 of Benedict’s solution, B, to each test tube. 

3 Prepare the different concentrations of glucose using the 4.00% glucose solution, G,
provided.

You are required to make up a sufficient volume of each concentration of glucose solution 
in the small vials provided so that, once the serial dilution has been completed, there is a 
volume of 2.0 cm3 for each solution.

Complete Table 1.1 to show how you will make the glucose solutions in Vials 2 to 5. 

Table 1.1

[2]

1. Completes table to correctly make up at least 2.0 cm3 of Tubes 2-5;
2. Volumes must be recorded to 1 dp; 

Vial 1 Vial 2 Vial 3 Vial 4 Vial 5
Concentration of 
glucose solution / % 4.00 2.00 1.00 0.50 0.25

Vial of glucose
solution to be diluted 1 2 3 4

Volume of the 
glucose solution to 
be diluted / cm3

2.0 2.0 2.0 2.0

Volume of distilled 
water / cm3 2.0 2.0 2.0 2.0

l 1

4.4.4.4.00000000
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4 Stir the contents of each vial with a clean, dry glass rod.

5 Add 0.5 cm3 of glucose solution prepared in Vial 5 to the corresponding test tube prepared 
in Step 2 to conduct Benedict’s Test. 

6 Place this test tube into the boiling water bath and observe the test tube very carefully for 
the first sign of a colour change. This is the end point of the reaction. As soon as you
see this colour change, record the time taken for the reaction to reach the end-point.

7 Repeat steps 5 and 6 with the other concentrations of glucose solution.

8 Record your observations in the table provided. 

Concentration of 
glucose solution / %

Time taken for reaction 
to reach end point / s Mass of glucose / mg

0.25 32 1.25
0.50 19 2.50
1.00 20 5.00
2.00 14 10.0
4.00 14 20.0

1. Time recorded to whole number;
2. Decreasing trend of time taken (t taken for 0.25% > 4.00%) AND max 50 s for any of 

[glucose] (data points above 50s must be identified as anomaly);

[2]

9 Given that 0.5 cm3 of the 1% glucose solution contained 5.00 mg of glucose, complete the 
table above to estimate the mass of glucose which was added in each of the other four 
tubes.

1. Correct calculation of mass - 3 s.f.;

[1]

www.KiasuExamPaper.com 
123



4

ACJC                                                                  9744/04 Prelim 2019                                                         [Turn over]             

For 
Examiner’s 

Use

10 Use your data to plot a standard curve of time taken to reach end point and mass of glucose.

[4]
1. Appropriate axes labels with correct units (mass of glucose must be on x-axis);
2. Axes scaled appropriately so that graph takes up at least 50% of the grid AND all 

divisions are equidistant;
3. All points are plotted correctly to within ½ a small square;
4. Appropriate line of best fit with no extrapolation beyond extreme measured data /

Dot-to-dot plot;

iatatatatattatattattatttttttttteeeeeeeeeeeeeeee axaxaxaxaxaxaxaxaxaxaxaaxaaaaaaaaaaaxxeseseses llllab
ed ddd aaapa p
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Section B: Investigation of the time course of the enzyme-catalysed reaction

You will follow the time course of this enzyme-catalysed reaction by testing the reaction mixture 
for glucose. The time intervals you will use are 5, 10 and 15 minutes.

You are advised to read steps 11 to 21 before proceeding.

Proceed as follows.

11 Maintain a boiling water bath. 

12 Label 3 test tubes with the time intervals.

13 Prepare another water bath between 35 °C and 40 °C in a large plastic beaker.

14 Put 5 cm3 of starch, S, into a vial and cover it with a cap.

15 Put the vial into the water bath in the large plastic beaker. Allow 3 minutes for contents of
S in the vial to reach the same temperature. 

16 Put 2 cm3 of amylase A into the vial and put the vial back into the water bath. You need to 
ensure that the enzyme is thoroughly mixed with the substrate.

17 Start timing the time course.

18 After 5 minutes, remove 0.5 cm3 of reaction mixtures from the vial and place the sample
this in an empty test tube with the correspondingly-labelled time. Replace the vial into the 
water bath.

19 Place the test tube in the boiling water bath immediately for 30 seconds before removing 
it from the water bath and leaving it on the test tube rack to cool. 

State why this step is necessary.

The solution is heated to denature the amylase, to stop hydrolysis of starch / so 
that the reaction stops at the correct time or time intervals;

[1]

20 Repeat steps 18 and 19 at the other time intervals.

21 At the end of the 15 minutes, test the contents of the test tubes for glucose using Benedict’s 
solution, B. Record the time taken for the reaction to reach the end-point. If there is no 
colour change by 5 minutes, record “more than 300”.

at thehehehe oooothththther
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22 Record your results in the space below.

Time interval /
minute 
(A! min)

Time taken for reaction to 
reach end point / s

5 36
10 26
15 27

1. Table layout: Independent variable (time interval) to occupy leftmost column;
2. Appropriate column headings + Units; 
3. Data – Precision of raw data: to the nearest second AND Trend: t taken not more 

than 100 s and R! increasing trend with time;

[3]

23 Using the standard curve, estimate the mass of glucose produced after 15 minutes of the 
reaction. 

read off student’s standard curve on pg4 AND correct units (ecf for wrong units in 
graph);

[1]

24 Describe a suitable control for this investigation and explain why it is necessary.

1. Use 2 cm3 of distilled water instead of enzyme A;
2. This is to ensure that the enzyme was responsible for the hydrolysis of the 

substrate;
OR

3. Replace 5cm3 of starch with distilled water;
4. To show that the presence of glucose is due to hydrolysis of starch;

[2]

25 Explain why this experiment would have yielded different results if it was conducted at 
10 °C.

1. At 10 °C, the frequency of effective collisions between amylase and starch 
is reduced due to low kinetic energy;
2. Lower rate of formation of enzyme-substrate complexes and hence products 
formed, the amount of time taken to reach end point will increase at all times;

[2]
[Total: 18 marks]
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2   There are molecules on the surface of yeast cells which cause the cells to stick together. When 
a yeast suspension is placed in a test-tube some of the cells sink slowly to the bottom.

(a) (i) Show clearly on Fig. 2.1 what you would expect the contents of the test-tube to look 
like after 5 minutes. You will gain marks for clear labels. [2]

Fig 2.1

1. Line drawn level with half way mark, AND more yeast drawn towards bottom of 
tube or another line to show a separate region;

2. One label or description;

You are required to investigate the effect of the independent variable, pH, on the sedimentation 
of a yeast cell suspension.

You are provided with:
pH3 buffer solution, P3
pH3 buffer solution, P5
Yeast suspension, Y
Calcium chloride solution, C

After 5 minutes
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(ii) Use the marker provided to mark a line half-way along the length of each test-tube as shown in 
Fig. 2.2.

You will need to put 1 cm3 of calcium chloride solution, C, in each test-tube and then an equal 
volume of yeast suspension, Y, and each buffer solution so that the mixture will fill the test-tube 
to the half-way mark as shown in Fig. 2.2.

Fig. 2.2

Describe a method to measure the dependent variable. Include in your plan,

steps you used to work out the volume of Y and volume of each buffer solution to use
the use of graph paper
the time intervals used for the experiment over a period of 5 minutes.

Your method should be set out in a logical order.

Steps to work out volume of Y and each buffer solution:
1. Fill the test-tube with distilled water till the half-way mark. Measure the volume 

to water used using a syringe;
2. subtract 1 cm3 calcium chloride and divide remaining volume by 2;

Method of measurement
3. Use graph paper, to measure distance/length;
4. from halfway mark to top of sediment/ bottom of tube to top of sediment;
5. in one minute intervals (A! specify regular interval), for five consecutive minutes; 

[5]

ify
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(iii) Carry out the steps required as in (ii) and state the volume of Y and the volume of each buffer 
solution to use. 

volume of Y ....................................................

volume of each buffer solution ........................             [1]

volume of Y equal to volume of buffer AND cm3 / ml on both AND accurate to 1 d.p AND 
between 4.0 to 5.0 cm3;

Proceed as follows.

1 Label one test-tube for each pH.

2 Put the volume of pH 3 buffer solution, p3, stated in (iii), into the test-tube labelled pH 3.

3 Put 1 cm3 of C to the same test-tube.

4 Repeat steps 3 and 4 with pH 5 buffer solution, p5.

5 Stir the yeast suspension, Y, with a glass rod.

6 Put the volume of Y, stated in (iii), into each test-tube to make the total volume up to the 
half-way mark.

7 Stopper the test-tubes with bungs and invert the test-tubes twice to mix well.

8 Immediately start timing. Carry out the method stated in (ii) to measure the dependent 
variable and record the observations at your selected time intervals. You may need to lift 
each test-tube to eye level to take each reading. Take care not to disturb the contents of the 
test-tube.

(iv) Record your results in the space below.

pH of buffer solution Duration / min Height of clear layer / mm
3 1 0

2 2
3 4
4 36
5 44

5 1 4
2 8
3 12
4 16
5 20

1. Correct layout (pH as IV on left most column or top most row) AND correct 
units for headers AND headers correspond with data recorded;

2. Data: follow plan described AND correct precision (e.g. time to whole 
number, length measured using ruler - 1 mm or 0.1 cm or length measured 
using graph paper – graph paper unit or 2 mm or 0.2 cm);

3. Trend: sedimentation occurs slower at pH 5 or same as pH 3;

44
55
11
22
33

rec

www.KiasuExamPaper.com 
129



10

ACJC                                                                  9744/04 Prelim 2019                                                         [Turn over]             

For 
Examiner’s 

Use

(v)   State the degree of uncertainty of using the graph paper scale as a measure.

+/– 2 mm or +/– 0.2 cm or +/– whole or 1 small square / graph paper unit;

[1]

(vi) Identify one significant source of error in this investigation and explain the improvement
you would make to rectify this error.

Source of error Solution
Difficulty in viewing separate layers
1. There are bubbles on the surface of 
the solution which interfere with the 
accuracy of readings taken;

2. Place a contrasting background 
against test tube / Use colorimeter (as 
yeast in pH5 sediment slower, 
concentration of yeast in will be lower
in the sediment);

Graph paper usage:
3.Difficulty of the graph paper lining 
up with the level of solution in the 
test tube;
4. Level of solution may fall within a 
grid of the graph paper and cannot be 
measured accurately;

5. Use graph paper with smaller 
divisions / ruler / vernier calipers;

6. Amount of yeast present in each 
test tube may differ as the mixture is 
not homogenous;

7. Weigh out initial mass of yeast;

1m for error + 1m for solution

[2]
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(b) Many people are intolerant to the disaccharide lactose, which is found in milk.

The enzyme lactase is used commercially to catalyse the breakdown of lactose to the
monosaccharides glucose and galactose. These sugars taste sweeter and are easier to digest 
than lactose.

Enzymes can be immobilised in a number of different ways, using different materials.

Fig. 2.3 shows three ways of immobilisation of enzymes.

Fig. 2.3

A student carried out an investigation to compare the activity of the enzyme lactase that had
been immobilised in the three different ways shown in Fig. 2.3.

A solution containing 20 mg cm–3 of lactose was poured through a column containing the
immobilised enzyme.
The solution containing the products was collected and the concentration of glucose
measured.

Table 2.1 shows the student’s results.

Table 2.1

(c) (i) Complete Table 2.1 to show the values of the mean total glucose collected.   [1]

315, 240;
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Table 2.2 shows the results of a number of statistical tests to find out if the differences in the 
activity of enzyme lactase were significant.

Table 2.2

(ii)    State what is meant by ‘significant at P < 0.05’.
1. significant: idea that the (observed) result or difference is caused by a 
factor other than chance / immobilisation / is not due to chance;

2. 5% or < 5% chance / probability that the (observed) result / difference 
occur by chance;
OR
95% or > 95% chance / probability that the(observed) result / difference 
are caused by an outside effect / not due to chance;
R! 5% of the results are caused by chance

[2]

(iii) The student concluded that immobilising lactase by adsorption onto the surface of glass
beads (A) has a greater activity than either of the other ways of immobilising the 
enzyme.

With reference to Tables 2.1 and 2.2, state the evidence that supports this conclusion.

1. (Table 2.1 shows) method A gives the highest (mean) total glucose 
collected at 315 mg;

2. (Table 2. 2) supports as stats. tests shows that the differences between 
method A and B and between method A and C are significant at P < 0.05;

[2]

[Total: 19 marks]
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3 R1 is a slide of a stained transverse section through a root of the plant Helianthus annuus, the 
common sunflower.

You are not expected to be familiar with this specimen. 

Fig. 3.1

(a) (i) Draw a large plan diagram of half of the root as shown in Fig. 3.1.

                 Use one ruled label line and the letter T to identify the tissue that is made up of cells 
adapted for the transport of water. 

1. Accuracy Correct proportions of tissue types (Width of stele and width 
between endodermis and epidermis approximately 1:1 AND 
endodermis drawn thinly)

2. Accuracy Show all the structures that can be seen in the defined part (at 
least 1 line for epidermis and at least 1 line for endodermis)
Individual cells should not be drawn

3. Clarity Use of sharp pencil to draw clear single neat lines
4. Scale Use at least 2/3 of space provided
5. Label Uses label line + correct label of xylem region with letter T

See R1 photo at end of document
[5]

en
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(ii) Suggest one observable feature which supports the identification of the tissue T as being 
made up of cells that are adapted for the transport of water. 

Tissues have large lumen or are hollow;
OR

Cells have lignified / thick cell wall / no cytoplasmic content;

R! cells have holes [1]

An eyepiece graticule scale can be used to measure the length of cells. To obtain an actual length,
the graticule scale must be calibrated against a stage micrometer. 

However, to obtain values for calculating a ratio, it is not necessary to calibrate the eyepiece 
graticule scale. 

(b) Observe R1 using the x10 objective lens. 
   
     Use the eyepiece graticule scale to find 

the radius of the region containing tissue T
the radius of root

           State the ratio of the radius of the region containing tissue T to the radius of root.

           You may lose marks if you do not show all the steps in finding the ratio. 

Radius of region containing tissue T = 30 ocular graticule units
Radius of root = 60 ocular graticule units;

Ratio of radius of tissue T to root is 1:2;

1. Shows measurements for both radius – radius of root > radius of region containing 
tissue T, not exceeding 100 ocular graticule divisions AND correct description;

2. Precision of measurement as whole numbers for ocular graticule divisions;
3. Presentation of ratio to the lowest common denominator and correct calculation;

                                                                                                                ratio                      [3]
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Fig. 3.2 is a photomicrograph of a stained transverse section through a stem of the same plant 
species.

Fig. 3.2

(c) Prepare the space below so that it is suitable for you to record observable differences between 
the specimen in slide R1 and the specimen in Fig. 3.2.

1. Presentation of differences in a table;

Feature R1 Fig. 3.2
Location of Vascular tissue(s) 2. Centre of specimen Arranged around the 

perimeter of the specimen;
Cell types in centre of specimen 3. Two or more types One type;
Number of regions containing
vascular tissues

4. One region Many regions;

Size/Diameter of specimen 5. Smaller Bigger;
AVP. Edge of specimen / Protruding 
structure / Epithelial cells 

Rough / Yes /
Vary in size and shape

Smooth / No /
Regular in size and shape

R! ref. to cell @ 1m per valid comparison, max 3
@ 1m for table heading

[4]

J
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M

N
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(d) Use the scale bar and the lines in Fig. 3.2 to find the actual width, in μm, of the vascular 
bundles labelled J, K, L, M and N.

You may lose marks if you do not show your working. 

        Length of scale bar = 1.3cm, which is equivalent to 308 μm;

        Actual width of J = 1.9 to 2.0 /1.3 x 308 = 450 μm
        Actual width of K = 1.7 to 1.8 /1.3 x 308 = 426 μm
        Actual width of L = 1.7 /1.3 x 308 = 403 μm
        Actual width of M = 2.2 to 2.3 /1.3 x 308 = 545 μm
        Actual width of N = 2.2 /1.3 x 308 = 521 μm;

1. Measures length of scale bar correctly and equate to 308μm;
2. Measures length of vascular bundles correctly and shows workings;
3. Correct answers calculated for all bundles;

       J                μm, K               μm, L                μm, M                μm, N                μm                   [3]
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(e) Fig. 3.3 shows a diagram of a stage micrometer scale that is being used to calibrate an 
eyepiece graticule.

One division, on either the stage micrometer scale or the eyepiece graticule, is the distance 
between two adjacent lines.

The length of one division on this stage micrometer is 0.01mm. 

Fig. 3.3

      Using this particular stage micrometer, where one division is 0.01mm, calculate the actual 
length of one eyepiece graticule unit, in μm, in Fig. 3.3. 

1. Correct working and calculation of one eyepiece graticule unit;
2. Correct conversion to μm;

      My working:
      1 eyepiece graticule unit = 0.01 mm/ 4 (A! 4 to 4.5) = 0.0025 mm = 2.5 μm

                                                                                                                                        [2]

               
[Total: 18 marks]

0.01010101 mmm/
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PREPARATION LIST

Q1: 2019 Prelim Paper 4 Q1

Material Per Student
Glucose solution (4%), labelled G 5 ml
Benedict’s solution, labelled B 15 ml
Amylase solution (1%), labelled A 5 ml
Starch solution (1%), labelled S 10 ml
Access to hot water (80˚C)
Distilled water 1 bottle

Apparatus/Item Per Student
Large glass beaker (500 ml) 1
Large plastic beaker (500 ml) 1
Test tubes 8
Bunsen burner 1
Tripod stand and wire gauze 1
Lighter (per bench) 1
Syringe (5 ml) 3
Syringe (1 ml) 3
Glass rod 1
Stopwatch 1
Thermometer 1
Vial with cap (40 ml) 1
Small vial 4
Small plastic beaker (50 ml) 1
Test tube rack 1
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PREPARATION LIST

Q2: 2019 Prelim Paper 4

Material Per Student
pH 3 solution (labelled p3) 3 ml
pH 5 solution (labelled p5) – actual solution used is pH 4 3 ml
Yeast suspension, labelled Y 10 ml
Calcium chloride solution, labelled C 2 ml

Apparatus/Item Per Student
Glass rod 1
Graph paper 1
Test tubes 2
Syringe (5 ml) 3
Syringe (1 ml) 1
Ruler 1
Stopwatch 1
Marker 1
Rubber bung 2
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BIOLOGY PRACTICAL PREPARATION LIST

Q3: Prelim 2019 Paper 4 

Question 2

Material Per Student Per Bench Per Lab
R1 slide 
(Total 50 per shift required)

1

Apparatus/Item Per Student Per Bench Per Lab
Microscope 1

Root of the plant Helianthus annuus, the common sunflower.nt tttt HeHeHeHHeHeHeHeHHHHeHeHHeHeHeeeHeeHeelillilililililillilliananananaananaanananaaanannanaanannnnaaa thhththththhhhhhththhhthhhhthththhthht ususususuususususuususussusussusuuu aaaaaaaaaaaaannnnnnnnuuuuus
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