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1 The electron micrograph shows two cell organelles W and Y. 
 

 

 Which structures are present in each of the organelle Y and W?  
 
 Organelle  RNA DNA Ribosomes Double  

membrane 
 

A W 
Y 

X 
99 

X 
9 

X 
9 

X 
9 
 

B W 
Y 

X 
X 

X 
9 

X 
X 
 

X 
9 
 

C W 
Y 

9 
9 

X 
9 

9 
9 

9 
9 
 

D W 
Y 

9 
X 

9 
X 
 

9 
X 
 

9 
X 
 

 

 

Organelle Y 

Organelle W 
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2 The energy for bond formation in polysaccharides is provided by uridine triphosphate (UTP) 
instead of ATP. The stages involved in the formation of a glycosidic bond during cellulose 
synthesis include: 

1 Binding of an activated monosaccharide to the active site of a glycosyltransferase 
enzyme  

2 Release of UDP (uridine diphosphate) and water 
3 Formation of a UDP-glucose complex releasing inorganic phosphate 
4 Reaction between a hydroxyl group of a β-glucose and a UDP-glucose complex 
5 Reaction between a hydroxyl group of β-glucose and UTP 

 
What is the sequence of these stages? 
 

 A 3 Æ 1 Æ 5 Æ 2 Æ 4 
 B 3 Æ 5 Æ 4 Æ 1 Æ 2 
 C 5 Æ 1 Æ 3 Æ 2 Æ 4 
 D 5 Æ 3 Æ 1 Æ 4 Æ 2 
   
3 Liposomes are spherical vesicles consisting of a single phospholipid bilayer. They can be 

designed to carry pharmaceutical drugs into cells. The figure below shows the structure of a 
liposome and two potential drugs, drug 1 and drug 2, that it can carry. 

 
 

 
 

Which of the following statements are true? 
 

1 Liposomes can carry both hydrophobic and hydrophilic drugs. 
2 The interior of the liposome is aqueous. 
3 Liposomes are able to fuse with the cell surface membrane of a cell. 
4 Liposome-based membranes have a rigid structure. 

 
 A 1 and 3  
 B 2 and 3  
 C 1, 2 and 3  
 D 2, 3 and 4  
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4 The figure below shows the various ions, molecules and transport proteins that are transported 
across a synaptic junction.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Which of the following statements correctly describe the transport of substances across a 
synaptic junction.   
 

1 Some substances can readily diffuse across the membrane.  
2 Ions move across the membrane only through protein channels. 
3 Cationic pumps undergo a structural change in order to transport substances across 

the membrane. 
4 There are at least two transport mechanisms that require energy expenditure.   

 
 A 2 and 4  
 B 1, 2 and 3  
 C 1, 3 and 4 
 D All of the above  
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5 The diagram below shows three structural features of collagen.  
 

 
 
Which structural features are correct? 
 

 Feature 1:  
Triple helices of a 

molecule held together 
with hydrophobic 

interactions 

Feature 2:  
Many triple helices held 
together with covalent 

bonds 

Feature 3: 
 Longitudinal 

displacement of 
tropocollagen molecules 

A yes yes yes  
 

B no 
 

yes  yes  
 

C no yes no  
 

D no no yes 
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6 The graph below shows the effect of substrate of F6P (fructose 6-phosphate) concentration on 
the activity of phosphofructokinase (PFK) at different ATP concentrations in glycolysis. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Using the information above, which statement(s) regarding the above reaction is/are correct?   
        

1 ATP acts as a substrate, causing PFK to undergo conformational change, activating 
and inactivating the enzyme.  

2 High concentration of ATP binds to the allosteric site of PFK.  
3 ATP acts as a competitive inhibitor.   
4 ADP at high concentration reduces the inhibition of the reaction.  

 
 A 4 only  
 B 3 only   
 C 2 and 4  
 D 1 and 4  
   
7 During DNA replication, the leading strand template first engages a DNA polymerase. The 

lagging strand template then loops back at the fork and engages a second molecule of DNA 
polymerase. Looping then allows both polymerases to synthesise daughter strands in the same 
overall direction.  
 
Which of the following statements explain why looping is observed during DNA replication? 
 

1 The anti-parallel arrangement of the DNA strands.  
2 The RNA primers are required to initiate DNA elongation.  
3 DNA polymerase joins new nucleotides to the 3’ end of the growing strand.  
4 Leading strand has to be synthesised from 5’ to 3’ direction, while lagging strand has to 

be synthesised from 3’ to 5’ direction.  
 

 A 2 and 4 only 
 B 2 and 3 only 
 C 1 and 4 only 
 D 1 and 3 only 
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8 A culture of bacteria was allowed to reproduce using nucleotides containing 14N for many 
generations. The culture was then allowed to reproduce using nucleotides with the heavy 
isotope of nitrogen, 15N, for one generation. The DNA of the bacterial cells was then examined 
using a centrifuge before it was returned to a culture medium with nucleotides containing 14N.   
 
The DNA of the bacterial cells was then examined again after two subsequent generations in 
the culture medium with nucleotides containing 14N. 
 
The diagram below shows the position of the DNA band at Y in the centrifuge tube when the 
DNA was first labelled. 
 

 
Which option shows the number of bands and their respective band positions for the two 
subsequent generations in the culture medium with nucleotides containing 14N. 
 
 
 After one generation in 14N medium After another generation in 14N medium 

A Two bands, 50% at Y and 50% at Z Two bands, 75% at Y and 25% at Z 

B Two bands, 50% at Y and 50% at Z Two bands, 25% at Y and 75% at Z 

C Two bands, 50% at X and 50% at Y Two bands, 75% at X and 25% at Y 

D Two bands, 50% at X and 50% at Y Two bands, 25% at X and 75% at Y 
 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



8 

9 The electron micrograph below shows several labelled structures present in a mitochondrion. 
 

 
Which of the statements below correctly describe the labelled structures? 

1 The structure labelled A is the polypeptide chain.     
 

2 The structures labelled B are polyribosomes. Each 70S ribosome consists of a 
50S large subunit and a 30S small subunit. 

  
3 The structure labelled C is the 3’ end of template DNA strand.  

 
4 The structure labelled C is the 5’ end of the mRNA strand. 

 
 A 1 and 2  
 B 1 and 4  
 C 2 and 3  
 D 1, 2 and 4 
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10 The diagram below shows the structure of an M13 bacteriophage. It consists of a single-
stranded circular DNA genome and capsid proteins g3p, g6p, g7p, g8p and g9p. One of the 
capsid proteins g3p resembles the tail fibres of a lytic bacteriophage. 

 
 

From the above information, which of the following statements are true of the M13 
bacteriophage? 
 

1 The base composition of its genome is such that the ratio of A:T is 1:1.  
2 At least one of the capsid proteins is responsible for binding to a specific protein on 

the host cell.   
3 Its genome is injected into the host cell after the phage attaches to the host cell.  
4 It acquires its envelope from the cell membrane of its host cell.  

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

11 A type of bacteria causes fatalities in human. These strains of bacteria possess genes for a 
toxin not found in the other harmless strains. 

 
In an attempt to find out how these genes can be transferred between bacteria, several 
experimental set-ups were carried out. The results are shown in the table below. 
 

Conditions Results 
DNA isolated from virulent strain is 
incubated with harmless strain. 

Some virulent strains observed. 

Virulent and harmless strains of bacteria 
are incubated in a container with no 
barrier. 

Some virulent strains observed. 

Virulent and harmless strains of bacteria 
are incubated in a container but separated 
by physical membrane barrier. 

No virulent strain found in the side with 
harmless bacteria. 

 
From the information provided only, which of the following gene transfer processes could 
have taken place? 
 

1 transformation 
2 conjugation 
3 transduction 

 
A    1 only          B     2 only          C     1 and 2           D     1 and 3 
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12 The ara operon is required by Escherichia coli for the breakdown of a five-carbon sugar, 
arabinose.  
 
The following statements are with regards to the expression of genes in the ara operon: 
 

x The araB, araA, and araD structural genes code for metabolic enzymes that break down 
arabinose.  
 

x Transcription is activated at araI, the initiator region, which contains both 
an operator site and a promoter. 

  
x The araC gene encodes an activator protein that, when bound to arabinose, 

activates transcription of the ara operon.  
 

x An additional activation event is mediated by the same CAP–cAMP catabolite 
repression system that regulates lac operon expression. 

 
x In the presence of arabinose, both the CAP–cAMP complex and the AraC–arabinose 

complex must bind to the initiator region in order for RNA polymerase to bind to 
the promoter and transcribe the ara operon.  

 
x In the absence of arabinose, the AraC protein assumes a different conformation and 

represses the ara operon by binding both to araI and to a second operator region, araO, 
thereby forming a loop that prevents transcription.  

  
Based on the information above, which statement is correct? 
 

A The presence of high glucose concentration increases the transcription of ara operon. 

B Arabinose is acting as a co-repressor in activating the AraC repressor. 

C Arabinose is acting as an end-product inhibitor when its level is high. 

D The AraC protein can act as both an activator and a repressor. 
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13 Which of the following is true of gene regulation in both prokaryotes and eukaryotes? 

A    Gene regulation of eukaryotes involves bending of DNA while in prokaryotes, chemical 
modifications to DNA is required. 

B   In eukaryotes, increase in efficiency of RNA polymerase requires specific transcription 
factors to activate the initiation complex while in prokaryotes, activators are required to 
bind directly or adjacent to promoter site to increase efficiency of  RNA polymerase. 

C   In eukaryotes, RNA polymerase binds to the TATA box while in prokaryotes, RNA  
polymerase binds to the regulatory gene. 

D   Repressors and activators regulate expression in eukaryotes while prokaryotes are 
regulated by repressors only. 

 
14 Which of the following statement(s) is/are true regarding haematopoietic stem cells and cancer 

cells? 
 

1 Both are able to move from one location to another.  
2 Both are found in cancer patients.  
3 Both are specialised cells and capable to differentiate further.  
4 Both are capable of indefinite replication. 

 
A    2 only            B    1 and 3             C    2 and 4           D    1, 2 and 4 
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15 Polymerase chain reactions (PCRs) were carried out on fruit fly DNA. The DNA was added to 
four test-tubes and the treatments for the test-tubes are shown in the table below. The primers 
were designed to amplify a DNA section which is about 2 kb long. 
 
Test-tube Reagents Temperature 

1 Forward and reverse primers, 
deoxyribonucleotides, Taq polymerase 

94°C (for 30 s) Æ 55°C (for 45 s) 
Æ 72°C (for 120 s) 

2 Forward and reverse primers, 
deoxyribonucleotides, Taq polymerase 

55°C (for 75 s) Æ 72°C (for 120 s) 

3 Forward primers only, 
deoxyribonucleotides, Taq polymerase 

94°C (for 30 s) Æ 55°C (for 45 s) 
Æ 72°C (for 120s) 

4 Forward and reverse primers, 
deoxyribonucleotides, Taq polymerase 

94°C (for 30 s) Æ 55°C (for 45 s) 
Æ 37°C (for 120 s) 

 
After the above treatments were completed, gel electrophoresis was carried out on the contents 
of each test-tube. Which of the following gels shows the correct results for each of the tubes?  
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16  The following statements describe gene mutation.  
 

1 It can occur in both somatic and sex cells. 
2 It can cause sickle-cell anemia and Down syndrome in humans. 
3 It can affect mRNA splicing if mutation occurs within the intron of the gene.  
4 It can change a dominant allele into a recessive allele, but not a recessive allele to 

dominant allele. 
 
Which statements are not correct? 
  

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

 
 

17 A newborn baby was diagnosed with Patau syndrome. The diagram below shows her 
chromosomes. 

 
 

This is an example of 
 A non-disjunction of sex chromosomes 
 B chromosomal translocation  
 C aneuploidy 
 D polyploidy 
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18 Which statement about the consequences of producing genetically identical cells is not correct? 

 A All cells will have the same phenotypes. 
 B All diploid cells will have the same alleles at the same loci. 
 C All genes will be passed to the daughter cells. 
 D All the coding sections of DNA will be preserved. 

 
 

19 The diagram below illustrates the development of colorectal cancer. 
 

 
 
 
Which of these statements can be inferred from this multistep model of carcinogenesis? 
 

1 Cells whose APC and β-catenin genes are inactivated have lost density dependent 
inhibition. 

2 APC and β-catenin genes are most likely tumour suppressor genes. 
3 High levels of Ras protein are produced only when both copies of Ras gene are mutated. 
4 Two copies of normal p53 alleles must be present to inhibit cell division. 
5 Gain-of-function mutation in COX-2 gene is one of the pre-requisites for the formation of 

carcinoma. 
 

 A 1, 2 and 3 
 B 1, 2 and 5 
 C 2, 3 and 4 
 D 2, 3 and 5 
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20 Two genes involved in coat colour of goats are at loci on different chromosomes. 
 
The colour gene C causes the hairs to have uniform colour and has three alleles. 
 

x CDB giving dark brown hairs 
x CB giving black hairs 
x CMB giving medium brown hairs 

 
A dominant allele of the agouti gene (AG) causes the development of white hairs between the 
coloured hairs giving the coat a shaded appearance. 
 
The table shows the results of crosses between a male goat and two female goats. 
 

parents offspring 

black agouti male 
x 

uniformly dark brown female 

50% uniform, 50% agouti; 
50% dark brown, 50% black 

black agouti male 
x 

medium brown agouti female 

all agouti; 
50% black, 50% medium brown 

 
Which row shows the possible genotypes of the male and female goats? 
 
 black agouti male uniformly dark brown 

female 
medium brown  agouti 

female 
A CBCMBAGAG CBCDBAGAg CMBCMBAGAG 

B CBCMBAGAg CBCDBAgAg CBCMBAGAG 

C CBCDBAGAG CDBCMBAGAg CBCDBAGAg 

D CBCMBAGAg CBCDBAgAg CMBCMBAGAG 
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21 Length of legs, stripes on body, and eye colour of Drosophila were investigated to determine 
the linkage of genes controlling these characteristics.  
Pure-breeding parents were crossed to produce heterozygous F1. Subsequently, a test cross 
was conducted on the F1 Drosophila to determine the relative distance between three different 
pairs of genes. The relative distance between the genes is given by the percentage of 
recombinants in the offspring. 
The results of the test crosses are summarised in the table below. 

parent  
offspring  

F1 individual test cross 
individual 

long legs, 
striped body 

short leg, 
plain body 

130 
long legs, 

striped body 

122 
short legs, 
plain body 

24 
short legs, 

striped body 

24 
long legs, 
plain body 

long legs, 
red eye 

short legs, 
white eye 

79 
long legs, 
red eye 

82 
short legs, 
white eye 

55 
long legs, 
white eye 

50 
short legs, 

red eye 
striped 
body, 

red eye 

plain body, 
white eye 

113 
plain body, 
white eye 

112 
striped body, 

red eye 

31 
striped body, 

white eye 

36 
plain body, 

red eye 

 
Which of the following correctly shows the relative position of the three genes controlling the 
investigated characteristics? 

 
 

A B 

  
  

C D 
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22 Chloroplasts contain chlorophyll a and chlorophyll b. Scientists found tobacco plants with a 
mutation that caused them to make more chlorophyll b than normal tobacco plants. They 
investigated the effect of this mutation on the rate of photosynthesis.  
 
The scientists carried out the following investigation. 

x They grew normal and mutant tobacco plants. They grew some of each in low light 
intensity and grew others in high light intensity. 

x They isolated samples of chloroplasts from mature plants of both types.  
x Finally, they measured oxygen production by the chloroplasts they had isolated from the 

plants. 
x In each trial, the scientists collected oxygen for 15 minutes. 

 
The graph shows the scientists’ results.  
 

 
What can be concluded by the scientists based on the results they obtained? 
 

1 The mutant plants that produced more chlorophyll b would grow faster than normal 
plants in all light intensities. 

2 At all light intensities, chloroplast from mutant plants have a faster production of ATP 
and NADPH, leading to the faster rate of light-independent reaction. 

3 The difference in the oxygen produced by the chloroplasts over 15 minutes from the 
mutant plants grown in low and high light intensities at a light intensity of 500 μmol 
photons m–2 s–1 during these trials is 35 μmol O2 mg–1.  

  

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

  



18 

23 Chemiosmosis is the term used to describe the synthesis of ATP using a proton gradient across 
a membrane in a mitochondrion or chloroplast. It was first demonstrated by Peter Mitchell in 
1961.  
 
In some of his experiments, Peter Mitchell carried the following steps: 
 

x He used mitochondria that had been isolated from cells.  
x The mitochondria were kept in liquid, in glass tubes, to which ADP, Pi and other 

substances were added.  
x The temperature, pH and water potential were kept constant.  
x After a period of time, he checked for the presence of ATP.  

 
The table shows the contents of the tubes. 
 

tube tube contents 
1 mitochondria + ADP + Pi + acetyl CoA + oxygen 
2 mitochondria + ADP + Pi + acetyl CoA 
3 mitochondria + ADP + Pi + low concentration of protons 
4 mitochondria + ADP + Pi + high concentration of protons 

 
Based on the information and table provided, which statements are true? 
 

1 ATP is produced in tube 1 only. 
2 In tube 1, oxygen acts as the final electron donor in oxidative phosphorylation. 
3 If the water potential of the liquid in the glass tube is higher than the water potential 

of the mitochondrial matrix, water enters the mitochondria by osmosis, rupturing the 
mitochondrial membrane and hence, bursting the mitochondria. 

 
 A 1 only  
 B 3 only  
 C 1 and 3 
 D 1, 2 and 3 
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24 Ethylene gas is a plant hormone that regulates plant growth, development and response to 
environmental stress. It is produced from leaves, roots, stems, flowers and especially ripened 
fruits.  
 
Plants have various ethylene receptors, which are located in the endoplasmic reticulum (ER) 
and are all structurally related. The diagram shows the ethylene signalling pathway. Ethylene 
receptors are dimeric, transmembrane proteins, with a copper-containing ethylene-binding 
domain and a domain that interacts with a cytoplasmic protein called CTR1.  
 

 
Which statements provide the most direct evidence that the ethylene gas signalling mechanism 
functions to mediate gene expression? 
 

1 In the absence of ethylene, active CTR1 stimulates the ubiquitination and degradation 
in proteasomes of EIN3.  

2 In the absence of ethylene, the active ethylene receptors halts transcription of ethylene-
responsive genes through degradation of EIN3.  

3 In the presence of ethylene, its binding inactivates the receptor, altering their 
conformation so that they no longer activate CTR1.  

4 In the presence of ethylene, the EIN3 protein does not undergo selective degradation 
and can now activate the transcription of the large number of ethylene-responsive 
genes.  

 A 1 and 2                   B    2 and 3                   C    2 and 4               D    3 and 4 
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25 The colouring, toxicity and mating calls within the populations of 170 species of frogs have 
gradually changed. These changes are related to the need to attract mates and the effects of 
predation. 
 
A study found that the more toxic the male frog, the brighter the colouring and the longer and 
louder its calls. Non-toxic male frogs are camouflaged and call briefly from less exposed 
positions.  
 
Which of these statements explaining whether these changes are an example of micro-
evolution or macro-evolution could be correct? 
 

1 These changes are an example of macro-evolution because they involve 170 species 
of frogs that show variation between the different species.  
 

2 These changes are an example of micro-evolution since they can be explained by the 
effect of natural selection acting only within populations. 

 
3 This example is not macro-evolution since the only changes are in colouring, toxicity 

and mating calls within populations. 
 

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

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



21 

26 The cichlid family of fishes living in Africa’s Lake Victoria have undergone extensive adaptive 
radiation. In the cloudy waters of Lake Victoria, the shallow parts of the lake are dominated by 
blue light. The depths of the lake, however, are dominated by red light due to the absorption by 
sediment particles. Cichlids with colour vision sensitive to blue light prefer to dwell in shallow 
waters of the lake, while cichlids with colour vision sensitive to red light dwell in the deeper 
waters. Light sensitivity is thought to correlate with the cichlid’s ability to survive. 
 
Male cichlids also display a wide variation of body colouration. Males with blue body colouration 
appear brighter in the shallow waters and have greater reproductive success there, while males 
with red body colouration appear brighter in the deeper waters and experience greater 
reproductive success at these depths. 
 
The following figure summarises the observations made about these cichlids.  
 

 
 
How many of the following statements regarding the speciation process of cichlids is true? 
 
1 Disruptive selection has occurred due to variations in light sensitivity in cichlids. 

2 Speciation is driven by preferential mate selection by female cichlids. 

3 Allopatric speciation due to geographical isolation has taken place. 

4 The mechanisms for reproductive isolation in these cichlids are pre-zygotic. 

 
 A 1        
 B 2 
 C 3 
 D 4 
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27 The diagram below shows the structure of an antibody. 

 
Which of the following correctly matches the events with the regions in which diversity is 
generated? 

 
  Somatic recombination Somatic hypermutation Class switching 
 A X X Z 
 B Y X Z 
 C Y Y Z 
 D Z X Y 

28 The diagram below shows the antibody production during a primary and a secondary immune 
response. 
 

 
  

 
 
 
 
 
 
 
 
 
 
 
Which of the following statement(s) is/are correct? 
 

1 Class switching only occurs during the secondary immune response. 

2 The secondary immune response is faster and stronger compared to the primary immune 
response. 
 

3 Class switching results in the production of antibodies with higher binding affinity during the 
secondary immune response. 

 
4 Vaccination ‘primes’ the immune system such that a secondary immune response can be 

mounted when the body encounters the actual pathogen. 
 

 A 2 only                   B      2 and 4                 C     1, 2 and 4                D     All of the above 

   

X 
Y 

Z 
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29 Melting at the Arctic as a result of climate change would affect the ecosystems and food webs 
there, resulting in loss of species. However, determining the extent of how the loss of one 
species might affect other species is a challenge. 
 
Which of the following statements explain why the challenge exists? 
 

1 The consequences on a food web takes time to observe. 
2 Organisms may adapt their dietary preference when their primary food source is scarce. 
3 Ecosystems in the Arctic are poorly understood by scientists given the harsh climate. 
4 It is difficult to identify trophic levels in a food chain because of the diverse feeding 

behaviours. 
 

 A 2 and 4 
 B 1 and 3 
 C 1, 3 and 4  
 D 1, 2 and 4 
  
  
30 Climate change has resulted in the spread of malaria beyond the tropics. What is/are some 

way(s) to combat its spread? 
 

1 Release Wolbacchia infected male Aedes mosquitoes. 
2 Introduce mandatory consumption of antibiotics in citizens as preventive measures. 
3 Introduce the sickle cell anaemia allele into human genome.  
4 Quarantine travellers who have fever and chills. 

 
 A 2 only 
 B 1 and 3  
 C 2 and 4 
 D 4 only 
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Answer all questions 
 
1 Fig. 1.1 shows an electron micrograph of part of an acinar cell found in the pancreas.  

 

 
 

Fig. 1.1 

 

(a) With reference to Fig 1.1,  
(i) Identify organelle A. 

 [1] 
 A: …………………………………………………………………………………………  
   
(ii) Explain how organelle A can become part of the cell surface membrane.  

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

A 

C 

B 
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(b) Describe the differences, in structure and function, between of the organelles B and C. 
 

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

  
  

(c) Fig. 1.2 and Fig. 1.3 below show the structure of a human insulin molecule. In Fig. 1.2, 
each circle represents one amino acid. 
 
 

 
 

Fig. 1.2 
 

 
 

Fig. 1.3  
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With reference to Fig. 1.2 and Fig 1.3, describe how insulin attains its three-dimensional 
structure.          

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

    
 [Total: 10] 
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2 Fig. 2.1 shows the structure of molecules and some associated processes found in a cell. 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 2.1 

 

 

(a) With reference to Fig 2.1,  
(i) Outline the events in the nucleus that produces structure X.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

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

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

[5] 

Y 

Nucleus Cytoplasm 

Growing polypeptide 
chain 

X 

Z 
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(ii) Identify structure Y. 

  

 Y: ………………………………………………………………………………………… [1] 
  

  

 
 
 
 

(iii) 

Parasites cause diverse types of disease, for example, malaria.  Drug treatments are 
required to address varying causes of pathogenesis. A new class of drugs has been 
developed to block the formation of structure Y in parasites. 
 
Suggest how the use of such drugs is effective in treating infections.  

 

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

 
 
 
 
 
 
 
 
 

[2] 
   

(b) Explain the role of structure Z in protein synthesis.  
  

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

 
 
 
 
 
 
 
 
 

[2] 
   
 [Total: 10] 
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3 In a non-dividing cell as shown in Fig. 3.1, chromatin can be observed in two states – 
euchromatin or heterochromatin.  
 

 
Fig. 3.1 

 

 

(a) Describe and explain the difference between the appearance of euchromatin and 
heterochromatin.  

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

 
 
 
 
 
 
 

[2] 
   
 Gene expression can be controlled via chromatin modifications. This is a form of 

epigenetics, which is defined as changes in gene activity and expression that occur 
without alteration in DNA sequence. 
 

 

(b) Outline how two forms of epigenetic modifications can prevent transcription.   
  

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

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

[5] 
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 The Chromatin Immunoprecipitation (ChIP) Assay is a popular technique used to 
characterise chromatin modifications and analyse the occupancy of transcription factors 
at specific loci or throughout the genome of a cell. 
 
In cancerous cells, a high occupancy of transcription factors is observed on a certain 
group of genes. 
 

 

(c) Explain the role of these transcription factors in the control of gene expression in 
cancerous cells.  

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

 
 
 
 
 
 
 
 
 
 
 
 

[3] 
   
 [Total: 10] 
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4 Fig 4.1 shows the numbers of T helper cells in the blood and the number of HIV viruses in 
the body over the course of an untreated HIV infection. 
 

 
Fig 4.1 

 

 

(a)  Describe how HIV enters the T helper cells.  
  

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

 
 
 
 
 
 

[2]  

   
(b)  State the CELL THEORY and explain how HIV challenges the concepts of what is 

considered ‘living’ in the CELL THEORY.  

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

 
 
 
 
 
 

[2] 
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(c)  Explain why it is sufficient for HIV to contain only RNA for its reproductive cycle.   
  

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

 
 
 
 
 
 

[3] 
   

(d)  With reference to Fig 4.1, explain why an individual is highly susceptible to death between 
the 9th and the 10th year of infection.   

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

 
 
 
 
 
 
 
 
 
 

[3] 

   
 [Total: 10] 
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5 Fig. 5.1 shows what happens in the human body when antigens are encountered. 
 

 
Fig. 5.1 

 

(a) With reference to Fig 5.1,  
(i) State the type of the nuclear division in process A.  
  

A: …………………………………………………………………………………………… 
 

[1] 
   

(ii) Explain why the daughter cells that arise from process A are genetically different from 
each other.  

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

 
 
 
 
 
 
 

[2] 
   

(iii) Describe two differences between structures of X and Y.  
  

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

 
 
 
 
 
 
 

[2] 
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(b) Two groups of cells are produced after process A, as shown in Fig. 5.1. Explain the 
significance of having these two groups of cells.  

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

 
 
 
 
 
 
 
 
 
 
 
 

[3] 
   

(c) Outline how genetic variation can be achieved in another named organ of the human 
body.  

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

 
 
 
 
 
 
 

[2] 
   
 [Total: 10] 
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6 To study the inheritance of coat colour and eye colour in deer-mice, scientists performed 
two crosses. The table below shows the phenotypes of the F1 generations from these two 
crosses. 
 
Cross Parents (pure bred) F1 phenotype Number of F1 

progeny 
 
1 

Black eye, coloured female 
X 

Pink eye, albino male 

 
All black eye, coloured mice 

 
77 

 
2 

Black eye, coloured male 
X 

Pink eye, albino female 

 
All black eye, coloured mice 

 
68 

 
A black eye, coloured male mouse from the F1 generation was crossed with a pink eye, 
albino female mouse and the following F2 offspring were produced: 
 

 Black eye, coloured 147 
Black eye, albino 42 
Pink eye, coloured 46 
Pink eye, albino 117 

 

 
 
 

 

 

(a) Explain the purpose of carrying out crosses 1 and 2.  
  

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

 
 
 
 
 

[1] 
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(b) Using suitable symbols, draw a genetic diagram to explain the results of a test cross of a 
male mouse from the F1 generation.  

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

[4] 
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 The chi-squared (F2) test was then performed on these results with the following 

information. 
 

F2 phenotype Observed Expected 
ሺࡻ െ ሻ૛ࡱ

ࡱ
 

Black eye, coloured 147 ……… ……… 

Black eye, albino 42  
……… 24.05 

Pink eye, coloured 46  
……… 20.05 

Pink eye, albino 117 
 

……… 9.56 

 
 
 
 
 
 

 
 
 
 

 
 
 
 
 
 
 
 

(c) Complete the missing information in the table above and derive the value of calculated F2. 
Show your working clearly.  

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

[2] 
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 The F2 distribution table is shown below.  
 

number of degrees 
of freedom (v) 

probability 
0.05 

1 3.84 
2 5.99 
3 7.82 
4 9.49 

 
 

 

(d) Using the calculated value of F2 and the table of probabilities provided in the table above, 
explain the conclusions drawn from the F2 test. 

 

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

 
 
 
 
 
 
 

[3] 
  

[Total:10] 
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7 Palisade cells have both chloroplasts and mitochondria. Exchanges between a 
mitochondrion, a chloroplast and the cytoplasm surrounding them are shown in Fig 7.1. 

 
Fig. 7.1 

 
(a) Explain why oxygen is needed for the production of ATP in the mitochondrion.  
  

……………………………………………………………………………………………………….. 
 
……………………………………………………………………………………………….………. 
 
……………………………………………………………………………………………….………. 
 
……………………………………………………………………………………………….………. 
 
……………………………………………………………………………………………….………. 
 
……………………………………………………………………………………………….………. 
 
……………………………………………………………………………………………….………. 
 
……………………………………………………………………………………………….………. [4] 
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 A leafy shoot is sealed inside a transparent container. The concentration of oxygen in the 
atmosphere within this container is measured. In the dark, the oxygen concentration falls. 
At high light intensities, the oxygen concentration increases. At a particular light intensity, 
the oxygen concentration in the container remains constant.  

  
(b) Using Fig. 7.1, explain how it is possible for the oxygen concentration to remain constant.    
  

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

   
(c) The Calvin cycle is part of the light-independent reactions of photosynthesis. These 

reactions continue when a plant is moved from light conditions to dark condition, but only 
for a very short time.  
 
Explain why this is so.   

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

   

[Total:10] 
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8 Fig. 8.1 shows the sequence of events in the glucagon signaling pathway in a hepatocyte. 
 
 

 
 

Fig. 8.1  
    
(a) (i) Describe how the binding of Gsα subunit would activate adenylyl cyclase.  
   

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

    
 (ii) Explain how Stage A shows signal amplification.  
   

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

 
 
 

[1] 

  

Stage A 
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 (iii) With reference to Fig. 8.1, explain the various cellular responses that lead to an increase in 
blood glucose concentration.  

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

 
 
 
 
 
 
 
 
 

[4] 
    
(b) Explain why glucagon cannot act directly on the DNA in the nucleus.    
  

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

 
 
 

[1] 

    
(c) When glucagon levels in the environment remain high for several hours, cells usually undergo 

desensitisation, such that they no longer respond to that concentration of hormone. This prevents 
excessive and prolonged receptor activity. 
 
Suggest how cells can decrease the stimulation of receptor molecules by the presence of high 
concentration of ligands. 

 
 
 
 
 

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

 
 
 
 
 
 

[2] 
    
    [Total : 10] 

 
  



21 

 

9 The marine threespine sticklebacks, Gasterosteus aculeatus is a freshwater fish living in the 
lakes of British Columbia, Canada as shown in Fig. 9.1. 
 

 
Fig. 9.1 

 
In order to investigate the process of speciation in these populations, three small lakes were 
studied. Each lake contained two varieties of stickleback: a large, bottom-dwelling variety that 
fed on invertebrates near the shore and a small, plankton-eating variety that lived in the open 
water. The probability of breeding between pairs of individuals was measured under laboratory 
conditions in the following breeding combinations: 
 
I    different varieties from the same lake 
II   different varieties from different lakes 
III  same variety from different lakes 
IV  same variety from the same lake 
 
The data is summarized in Fig. 9.2 below. 
 

 
Fig. 9.2  
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(a) (i) Identify the highest and lowest probabilities of breeding for individuals of the same variety 
from different lakes. 

 
 

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

    
 (ii) With reference to Fig. 9.2, describe the differences in probability of breeding between 

individuals from the same lake. 
 

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

 
 
 
 
 
 
 

[2] 

    
(b) Scientists were not able to conclude that speciation is taking place in these populations. With 

reference to Fig. 9.2 and your knowledge, explain why this is so.   
  

……………………………………………………………………………………………………………….. 
 
……………………………………………………………………………………………………………….. 
 
……………………………………………………………………………………………………………….. 
 
……………………………………………………………………………………………………………….. 
 
……………………………………………………………………………………………………………….. 
 
……………………………………………………………………………………………………………….. 
 
……………………………………………………………………………………………………………….. 
 
……………………………………………………………………………………………………………….. 
 
……………………………………………………………………………………………………………….. [4] 
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 Besides the lakes of British Columbia, Canada, the Hawaiian Islands are also studied for 
speciation as they are some of the most isolated islands in the world. The Hawaiian Islands 
were formed at different times. The first birds to have flown to these islands probably arrived 
millions of years ago from East Asia.                                           

 

   

 Fig. 9.2A and 9.2B shows the fossils of two extinct species of Hawaiian waterfowl found on two 
different islands.  The giant Hawaiian goose was a flightless bird whereas the nene could fly.  
 
Until recently, the evolutionary relationships among Hawaiian waterfowl are known only from 
bone structures. Fig. 9.2A shows the skulls and mandibles while Fig. 9.2B shows the wing and 
leg bones of the giant Hawaiian goose and nene.    
 
 

 
Fig. 9.2A Skulls and mandibles of (a) giant Hawaiian goose and (b) nene 

 

 
Fig. 9.2B Wing (left) and leg bones (right) of (a) giant Hawaii goose and (b) nene. 

 
(Source:https://www.researchgate.net/figure/11540628_fig2_Fig-3-Left-ulna-and-tibiotarsus-a-B-
canadensis-maxima-USNM-555497-b-giant) 
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(c) With reference to Fig 9.2A and 9.2B, discuss whether these fossils can be used to support 
Darwin’s theory of evolution. 

 

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

 

 

 

 

[3] 

   

(d) Explain why molecular data is able to overcome the limitations of this fossil study.  

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

 

 

[2] 

 [Total : 12] 
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10 The mosquito Aedes aegypti is the principal vector of dengue virus (DENV). DENV replicates 
within the mosquito, beginning in the midgut tissue and eventually ending up in the saliva glands.  

It has been found that a Talaromyces fungus, Tsp, in the midgut makes the A. aegypti mosquito 
more susceptible to DENV infection by inhibiting transcription of trypsin genes as shown in Fig. 
10.1. Trypsin is a protease. 

 

Fig. 10.1 

(a) Suggest how the presence of trypsin enzymes may inhibit DENV replication. 

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

 

 

[2] 
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(b) Explain how understanding the processes in Fig. 10.1 can help scientists to combat the spread 
of dengue. 

 

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

 
 
 
 
 
 
[2] 

 Fig. 10.2 shows how antibody-dependent enhancement (ADE) results in a more severe form of 
dengue fever when a person who had previously been infected by DENV gets infected again by 
a different DENV. 

 

 

 

 

 

 

 

 

 

 

Fig. 10.2 

 

(c) Describe the interactions at A. 
 

 

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

 
 
 
 
 
 
[2] 

(d) Explain how the interactions at A eventually lead to an increased viral load in patients.  

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

  

[Total : 8] 
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Section A 
 

Answer all the questions in this section 
 

1 Fig 1.1 shows the feather colours and stripes in chickens. A gene for feather colour in chickens is 
carried on an autosome. This gene has two alleles, black (CB) and splashed-white (CW). When a 
male chicken with black feathers is mated with a female chicken with splashed-white feathers, all 
the offspring have blue feathers. This also occurs when a male chicken with splashed-white 
feathers is crossed with a female with black feathers. 
 

                               

 
Fig. 1.1 

 
Another gene may cause stripes on feathers (barred feathers). The gene is carried on the X 
chromosome. The allele for barred feathers (XA) is dominant to the allele for non-barred feathers 
(Xa). In chickens the male is homogametic, while the female is heterogametic. 
 

Barred feathers 

Black 
feathers   

Splashed-white 
feathers 
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(a) A male chicken with black, non-barred feathers was crossed with a female chicken with splashed-
white, barred feathers. All the offspring had blue feathers, but the males were barred and the 
females were non-barred.  

 
(i) Using the symbols given, draw a genetic diagram to show this cross. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                           [2] 
 
 

(ii) Explain how a farmer could use a breeding programme to find out the genotype of a male 
chicken with blue, barred feathers. 

 

 

 

 

 

                                                                                                                                                  [3] 
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(b) The table below shows the genotypes and wool length in two breeds of sheep, X and Y, and their 
F1 hybrids. 
 

 Genotype Mean wool length/cm 
Breed X DDEEff 18 

Breed Y ddeeFF 14 

F1 (breed X x Breed Y) DdEeFf 16 

  
When the F1 hybrids were crossed, the F2 offspring had a mean wool length ranging from 10 cm 
to 22 cm.  
 
Assume that the inheritance of wool length in sheep depends upon alleles at three loci acting 
additively and that all variation in wool length in the F2 population is due to the segregation of 
alleles at these three loci. 

 
(i) How many different types of gametes would be produced by an organism of genotype 

DdEeFF, if all of the genes assort independently? 

                                                                                                                                                  [1] 

 
 

(ii)  What proportion of the F2 offspring is expected to have a mean wool length of 22 cm? Explain 
your reasoning.  

 

 

 

 

 

 

                                                                                                                                                  [4] 
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(c) Fig. 1.2 shows the effect of temperature on the egg-to-adult survival rates and the behaviour of 
adult mosquitoes.  

Fig. 1.2 
 
Using evidence from Fig. 1.2, explain why it is difficult to reach a valid conclusion about the rate of 
transmission of diseases caused by mosquitoes when temperature increases from 30 to 34°C. 

 
 

                                                                                                                                                    [4] 
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(d) Chloroquine-resistant (CQR) malarial parasites, P. falciparum, were first reported in 1950s and are 
now widespread. The resistance is caused by mutations of a gene known as pfcrt.  

 
(i) Explain whether resistance to chloroquine in P. falciparum is an example of continuous or 

discontinuous variation. 

 

 

 

                                                                                                                                                  [2] 

 
 

 
(ii) Suggest why CQR P. falciparum are now widespread.    

 

 

 

 

 

 

 

                                                                                                                                                  [4] 
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In the non-CQR P. falciparum, chloroquine accumulates in the digestive vacuole of  
P. falciparum and interferes with the detoxification of haem in the host red blood cell. This results 
in parasite death. 
 
Research shows that there is a point mutation in the pfcrt gene of CQR P. falciparum which leads 
to the formation of a chloroquine-resistance transporter located in the digestive vacuole 
membrane of CQR P. falciparum. 
 
This mutation changes the amino acid from lysine to threonine at the binding site of the 
chloroquine-resistance transporter. 
 

 
(e) Using the information provided, suggest how this mutation of pfcrt gene increases the chloroquine 

resistance in P. falciparum.                           
 

 

 

 

 

 

                                                                                                                                                  [3] 

 
 
 

Besides malaria, AIDS is also an infectious disease caused by human immunodeficiency 
virus (HIV). Immediately following a HIV infection, there is a period of high levels of HIV in the blood 
(viremia). HIV is an intracellular pathogen and would stimulate a strong CD8 cytotoxic T cell 
response. Antibodies against HIV glycoproteins and nucleocapsid proteins are also produced. The 
immune response against HIV results in a reduction in viremia but does not eliminate the virus 
completely.  

 
(f) It is known that HIV infects CD4 T helper cells. Suggest other features about HIV that make it 

difficult for the immune response to eliminate it.                   
 

 

 

                                                                                                                                                  [2] 
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(g) Fig. 1.3 shows a test that has been developed to find out if a person has antibodies to the HIV 
antigen. 

 
Fig. 1.3 

 
(i) Explain why the solution will remain yellow if a person is not infected with HIV.  

 

                                                                                                                                                  [2] 

 
 
 

(ii) A mother who was infected with HIV gave birth to a baby. The baby was tested positive using 
this test. Suggest why this does not prove that the baby is infected with HIV.            

 

                                                                                                                                                  [2] 

 
 
 

(h) This test only detects the presence of HIV antibodies. Suggest other additional methods to confirm 
if a person has AIDS.                     

 

                                                                                                                                                  [1] 

 
[30 marks] 
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2  Central to the energy metabolism of aerobically respiring cells is the enzyme ATP synthase. It 
consists of multiple subunits, coded for by several genes.  

 
 The enzyme is located on the inner mitochondrial membrane and catalyses the reversible reaction 

of ATP synthesis from ADP in intact mitochondria.  
 
 
(a)  Explain how the components of the inner mitochondrial membrane are significant in driving ATP 

synthesis during aerobic respiration.     
 

 

 

 

 

                                                                                                                                                  [3] 

 

 
In a cell-free or mitochondrial-free system, the same enzyme can also catalyse ATP hydrolysis 
when ATP is present. This reaction can be exploited for the investigation of ATP synthase activity. 
 
The enzymatic activity of ATP synthase can be measured indirectly by measuring the relative 
NADH concentration in the solution as shown in the reaction below in Fig. 2.1. 
  
ATP produced when phosphoenolpyruvate is converted to pyruvate by pyruvate kinase, is acted 
upon by ATP synthase to form ADP.  
 
                                                pyruvate kinase                           lactate dehydrogenase 
Phosphoenolpyruvate                           pyruvate                                           lactate 
 
                                          ADP             ATP                          NADH            NAD+ 
 
 
                                              ATP synthase 

 
Fig. 2.1 

 
The relative concentration of NADH can be tracked with a spectrophotometer as NADH absorbs 
light at 340nm while NAD+ and other molecules in the system do not. 

 
 

(b) In examining the activity of ATP synthase using the reactions in Fig. 2.1, explain why 
phosphoenolpyruvate, ATP and NADH need to be in high concentrations. 

 

 

 

                                                                                                                                                  [2] 
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Curcumin, a phytochemical isolated from the rhizome of turmeric, has been shown to affect the 
activity of ATP synthase. However, its effect varies according to the source of ATP synthase. 
 
Fig. 2.2 shows the effect of curcumin on ATP synthase molecules isolated from the liver 
mitochondria of a rat. 
 
% control refers to ATP synthase activity with reference to activity at 0 μM curcumin. 
 

 
 

Fig. 2.2 
 

(c)  With reference to Fig. 2.2, suggest the role of curcumin in ATP synthesis and explain how it 
achieves the effect shown. 

 

 

 

 

 

                                                                                                                                                  [3] 
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Mitochondrial diseases caused by faulty mitochondria can be passed down from a diseased mother 
to her child and cause a long-term impact on the child’s health.  
 
A novel technique, coined ‘Three-parent baby’ seeks to offer mothers a way to have a child without 
passing on metabolic diseases caused by faulty mitochondria. Researchers achieve this by 
exchanging the diseased mitochondria of a prospective mother with those of a healthy, unrelated 
donor: the ’third parent’.  
 
The ‘Three-parent baby’ procedure is designed to work as follows:   
 
xx Signing of a consent form containing superficial information of the treatment by the 

participating parents to acknowledge that their egg would be undergoing an experimental 
technique 

x Isolation of participating mother’s eggs 

x Freezing and heating the embryo before use of an electrical pulse to fuse the mother's nucleus 
into the donor egg  

x Fertilization of modified egg with the father’s sperm before implantation into mother’s uterus 

x Periodic mitochondrial testing and health monitoring of baby   

 

(d)   Comment on the possible ethical concerns of this new technique.  
 

 

 

 

                                                                                                                                                  [2] 

 
 
 

[10 marks] 
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3  Transplantation treatment using cord blood stem cells has the potential to treat many 
haematopoietic disorders.   
 
xx Small amount of stem cells from the baby’s cord blood could be collected from the umbilical 

cord and stored.  
 
x A patient who suffers from haematopoietic disorder can receive cord blood stem cells from a 

matching donor, either a sibling or an unrelated donor from the cord blood bank. This mode of 
transplantation is known as allogenic transplantation.  

 
x The patient may also receive their own stem cells if their cord blood stem cells had been 

stored. This mode of transplantation is known as autologous transplantation. 
 
 
(a) Explain why cord blood stem cells are suitable for treatment of haematopoietic diseases.  

 

 

 

 

 

 

                                                                                                                                                  [4] 

 
 
 
(b) Comment on the effectiveness of allogenic and autologous transplantation. 

 

 

 

 

                                                                                                                                                  [2] 
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Targeted gene replacement is another potential treatment method for genetic disorder. In a 
particular experiment, a gene locus with mutant Rag 2 allele could be replaced by a normal 
dominant allele using the targeted gene replacement method.  
 
To ensure that normal dominant allele was inserted successfully into the cells with Rag 2 mutation, 
10 μg of DNA from 3 different cells was digested by restriction enzyme and further analysed. Fig 
3.1 shows the result of the analysis.  

 
Fig 3.1 

 
(c) State which cell(s) had the mutant Rag 2 allele successfully replaced and outline the steps taken 

to analyse the DNA.                                                                            
 

 

 

 

 

 

                                                                                                                                                  [4] 

  
 

[10 marks] 
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Section B 
 

Answer one question in this section 
 

Write your answers on the lined paper provided at the end of this Question Paper. 
 

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

Your answers must be in continuous prose, where appropriate. 
 

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

  

4 (a) ‘Life is impossible without membranes.’    
 
Discuss how regulation of membrane fluidity is achieved in living organisms and 
justify why the statement above may be true.          [15] 

    
 (b) Singapore’s recent dengue outbreak seems to follow a cyclical pattern, recurring 

every six to seven years. Dengue outbreak occurred in 2005 – 2006 and in 2013 – 
2014. In every outbreak, the pre-dominant dengue serotype was observed to be 
different. Besides following a cyclical pattern, traditional yearly dengue season 
peaked from June to September.  
 
Discuss the factors that lead to the cyclical and seasonal epidemic pattern of 
dengue outbreak.   
 [10] 

    
   
         [Total:25] 

 
   
5 (a) Discuss the view that all life forms depend on phosphate. [10] 

 
 (b) ‘Disease-causing bacteria and viruses naturally evolve faster than their human 

hosts, so they will ultimately cause human extinction.’  
 
Comment on the validity of this statement, including factors that prevent diseases 
from wiping out humanity. [15] 

    
   
  [Total: 25] 
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Answer all questions. 
 

1 You are required to investigate the effect of enzyme concentration on the rate of photosynthesis 
using plant extract after they have been incorporated into alginate beads.  

 

   
(a) (i) Sketch a fully-labelled graph to show the expected relationship between enzyme 

concentration and the rate of photosynthesis.  
   

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

[2] 

 

    
 The rate of photosynthesis can be measured by the time taken for the colour of an indicator solution 

to change. This is indicative of the rate of carbon dioxide being taken in by the plants.  
 

At atmospheric concentration of carbon dioxide, this indicator is yellow in colour.  
 
You are provided with: 

 
x Sodium alginate, A 
x Indicator solution, in a container labelled B 
x Calcium chloride solution, in a container labelled C 
x Section of a fresh leaf 
 

Before starting the experiment, read through Steps 1 to 13.  
 

 

 Proceed as follows  
 1 Place the fresh leaf on a white tile and cut the fresh leaf into two squares of 5cm X 5cm. With 

a scalpel, carefully remove any large veins and discard them. Continue to cut the leaf into 
small pieces. Place all the leaf pieces in the mortar provided and add 5cm3 of cold buffer 
solution.  

    
 2 Carefully grind the cut leaf using the mortar and pestle provided for about 3 - 5 minutes to 

obtain a dark green leaf extract. Using a sieve, pour the leaf extract into a 50ml beaker. 
 

    
 3 Using a 5cm3 syringe, transfer 3cm3 of the plant extract into a vial, taking care not to 

introduce air bubbles into the container. Next, transfer 3cm3 of the sodium alginate, A, into 
the vial with the plant extract, again taking care not to introduce air bubbles into the 
container. 

 

    
 4 Gently mix the plant extract and alginate by stirring the mixture with a glass rod. Do not mix 

vigorously as this may introduce air bubbles into the mixture. 
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 5 Attach an empty 10cm3 syringe without its plunger vertically in the clamp stand, as shown in 
Fig. 1.1. 

 

  

 
Fig. 1.1 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 6 Pour approximately 30cm3 of calcium chloride, C into a 50ml beaker. Place the beaker 
directly underneath the syringe as shown in Fig. 1.1, ensuring a distance of around 3cm 
between the syringe nozzle and the surface of the calcium chloride solution. 

 

    
 7 Pour the plant extract and alginate mixture into the syringe. Let all the mixture drip into the 

beaker of calcium chloride. Observe the release of drops from the syringe.  
 

You are required to decide on the method that you will use to determine the rate at 
which drops are released. 

 
The method should use the apparatus available, take no longer than five minutes and allow 
an assessment of the degree of confidence in the results to be made. 
 

 

 (ii) Describe the method that you plan to use.  
   

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

 

    
 (iii)  A problem in step 7 is that one variable which should be controlled will vary. From your 

observations, identify the variable in step 7 that cannot be controlled and describe the effect 
on the results of changing this variable. 

 

   
…………………………………………………………………………………………………………… 
 
…………………………………………………………………………………………………………… 
 
…………………………………………………………………………………………………………… 
 
…………………………………………………………………………………………………………… 
 
…………………………………………………………………………………………………………[2] 
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 8 The mixture will form a bead upon contact with calcium chloride. Leave the beads in the 
beaker of calcium chloride for 5 minutes to let them solidify. 

 

    
 9 Using a spoon, transfer the beads into an empty beaker, and rinse them using distilled water. 

Next, pour away the distilled water and add fresh distilled water. Leave the beads in fresh 
distilled water. 

 

    
 10 Using a spoon or a pair of forceps, add 2 alginate beads containing plant extract of similar 

size and shape into the boiling tube. Using a syringe, transfer 5cm3 of B into the boiling tube. 
Quickly cap the boiling tube with a stopper. 

 

    
 11 Place the boiling tube into a test tube rack and position the boiling tube 10cm from a lit lamp. 

Switch on the lamp and start timing with a stop watch.  
 

    
 12 Record the time taken for the colour of the indicator to change from yellow to green. If the 

colour does not change after 480 seconds, record as ‘more than 480’.  
 

    
 13 Repeat steps 10 - 12 with 6, 10, 14 and 18 alginate beads containing plant extract. Manage 

your time carefully while conducting the repeated steps.  
 

    
 (iv) Record your results in a suitable format in the space below. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

[3] 

 

    
 (v) Explain the effect of the number of alginate beads containing plant extract on the rate of 

photosynthesis. 
 

   
…………………………………………………………………………………………………………… 
 
…………………………………………………………………………………………………………… 
 
…………………………………………………………………………………………………………… 
 
…………………………………………………………………………………………………………… 
 
…………………………………………………………………………………………………………… 
 
…………………………………………………………………………………………………………… 
 
………………………………………………………………………………………………………....[3] 
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 (vi) State and explain two assumptions which you have made in order for a colour change to be 
observed at step 11. 

 

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

 

    
 (vii) State and explain two modifications you would make to steps 1 to 12 to increase the degree 

of confidence in your results. 
 

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

 

    
 (viii) Suggest a suitable control for this experiment.  
   

…………………………………………………………………………………………………………… 
 
…………………………………………………………………………………………………………… 
 
…………………………………………………………………………………………………………… 
 
…………………………………………………………………………………………………………[2] 
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(b) A student used a similar method to investigate the effects of different types of plant extracts on the 
rate of photosynthesis. However he used a spectrophotometer to measure the colour change after 8 
min of investigation.   

 
Table 1.1 

 

Plant extract 
Absorbance / Au 

Replicate 1 Replicate 2 Average 

A 0.36 0.37 0.37 

D 0.74 0.74 0.74 

B 0.64 0.65 0.65 

C 0.70 0.73 0.72 
 

 

    
 Draw a chart of the student’s results in Table 1.1 on the following grid, to show the effect of different 

plant extracts on the rate of photosynthesis. 
 

   

 
[3] 

 

 

  [Total:25]  
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BLANK PAGE 
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2 You are required to investigate the effects of potassium nitrate and lead nitrate solutions on cells of 
the plant material with which you have been supplied.  

 

 1 Using a pair of forceps, peel off one or two thin layers of epidermis from the most deeply 
pigmented areas of the plant tissue. Remove as little of the underlying tissue as possible.  

 

    
 2 Cut the epidermis so that you have two squares of tissue, each about 3 mm x 3 mm. Place 

these squares in a dish of distilled water. 
 

    
 3 Mount one piece of tissue on a microscope slide in distilled water under a cover slip. Label 

this as slide A.  
 

    
 4 Mount the other piece of tissue in 1 mol dm-3 potassium nitrate solution under a cover slip. 

Label this as slide B.  
 

    
 5 Leave both slides aside for 5 minutes before examining them under the microscope.   
    
(a) (i)  State one observed difference between the appearance of majority of epidermal cells in slide 

B from those in slide A. 
 

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

 

    
 (ii)  Account fully for the change in appearance of the cells when placed in 1 mol dm-3 potassium 

nitrate solution.      
 

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

 

    
 (iii) Heavy metals such as lead and copper are toxic to plants. 

Predict the appearance of the epidermal cells if the epidermis is mounted in 1 mol dm-3 lead 
nitrate solution. Explain your prediction.  

 

   
……………………………………………………………………………………………………………... 
 
……………………………………………………………………………………………………………... 
 
……………………………………………………………………………………………………………... 
 
……………………………………………………………………………………………………………... 
 
……………………………………………………………………………………………………………... 
 
…………………………………………………………………………………………………………..[2] 
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 Fig. 2.1 shows the view of a mammalian white blood cell, using an eyepiece graticule and the high-
power objective lens of a microscope. 

 
Fig. 2.1 

 

(b) Use a table to record three observable differences between the blood cell in Fig. 2.1 and the cells 
you saw in slide A. 

 

   
 
 
 
 
 
 
 
 
 
 
 

[3] 

 

    
(c) The student calibrated the eyepiece graticule against a stage micrometer with the following results: 

x Number of eyepiece graticule divisions across 5 stage micrometer division = 25 
x One stage micrometer division = 0.01 mm 

 

    
 (i)  Use this information to calculate the actual diameter of the cell in μm. Show your working 

clearly. 
 

   
 
 
 
 
 
 
 

[3] 

 

 (ii)  Calculate the magnification of the blood cell in Fig. 2.1. Show your working clearly.   
 
 

  
 
 
 
 
 
 

 
[2] 

 



10 

 

(d) Fig 2.2 shows the view of a dicot Syringa leaf specimen under x40 objective lens of the  
microscope.  
 
 

 

 
 
 
 
 
 
 
 
 
 

                                                                            Fig 2.2                      Source: botit.botany.wisc.edu 
 

 

 (i)  Make a plan drawing of Fig 2.2, in the space below. Labels are not required.  
 

 
 

 
 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
 
 

 
[4] 

 

    

Palisade 
mesophyll 
layer 
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 (ii) Make a high power labelled drawing of three palisade mesophyll cells as shown in Fig 2.2, in 
the space below.   

 

   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

[4] 
 

 

  [Total: 21]  
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3 Pipistrellus is a genus of bats in the family Vespertilionidae. Classifying bat species based on their 
evolutionary relationship is difficult because of the large diversity of species. Fig. 3.1 shows the 
phylogenetic tree of the four known bat species (Pipistrell pipistrellus, Pipistrell pygmaeus, Pipistrell 
javanicus and Pipistrellus abramus). 
 

 
Fig 3.1 

 
Using this information and your own knowledge, design an experiment to show the molecular 
homology between four species of bats.   
 
You are not required to indicate the specific volume of reagents to be used. 
  
Your planning must be based on the assumption that you have been provided with the following 
equipment and materials. 

 
x Tissue samples of the four bats species  
x Pestle and mortar 
x DNA extraction buffer solution 
x Glass rods 
x Microfuge tubes 
x Centrifuge machine  
x Restriction enzyme, HindIII  
x Suitable reagents for polymerase chain reaction  
x DNA primers  
x Thermal cycler  
x Agarose gel plate  
x Suitable source of electrical current 

 
Your plan should have a clear and helpful structure to include:  

 
x an explanation of the theory to support your practical procedure, 
x a description of the method used, 
x relevant risk and precaution taken 
x the correct use of technical and scientific terms 

 [Total: 9] 
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