
8876 / 01 [Turn over
 

 JURONG JUNIOR COLLEGE 
 JC2 Preliminary Examination 2018 
  

 
CANDIDATE 
NAME 
 

 
 
 
 

  

 

 

 
CLASS 
 

 
 
 
 

  
 
 

  
    

    

BIOLOGY 8876/01
Paper 1 Multiple Choice 14 September 2018

 1 hour

Additional Materials:  Multiple Choice Answer Sheet  
  

READ THESE INSTRUCTIONS FIRST 

Write in soft pencil. 
Do not use staples, paper clips, glue or correction fluid. 
Write your name, class and index number on the Answer Sheet in the spaces provided unless this has 
been done for you. 
 
There are thirty questions on 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. 
The use of an approved scientific calculator is expected, where appropriate. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

This document consists of 21 printed pages and 1 blank page. 



2 
 

Jurong JC/JC2 H1 Biology/Prelim/2018  
 

1 A severe inherited condition arises from the failure to produce an enzyme that breaks down 
glycoproteins in cells. The condition can be diagnosed from an electron micrograph of a 
patient’s cells. 
 
Which abnormality would be observed in these cells? 
 

A an incomplete chromosome due to lack of a gene 

B larger lysosomes due to accumulation of glycoprotein 

C less endoplasmic reticulum due to a reduction in protein synthesis 

D thinner cell surface membrane due to lack of glycoprotein 

 
 

2 The table shows a comparison between three features of a prokaryotic cell and a 
eukaryotic cell. 
 
Which row is correct? 
 

 chromosome structure ribosome presence of introns 

prokaryote eukaryote prokaryote eukaryote prokaryote eukaryote 

A circular linear 80S 70S rare common 

B circular linear 70S 80S rare always 

C linear circular 80S 70S common always 

D linear circular 70S 80S always never 
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3 The diagram shows the structure of the polysaccharide chitin which is found in the cell wall 
of fungi. 
 

 
 

Which statements are correct for chitin and for cellulose?  
 

1 The monomers are joined by 1, 4 glycosidic bonds.  
 

2 Every second monosaccharide in the polysaccharide chain is rotated by 180°. 
  

3 The polysaccharide contains the elements carbon, hydrogen, oxygen and 
nitrogen.  

 

A 1, 2 and 3 

B 1 and 2 only 

C 1 and 3 only 

D 2 only 

 
 

4 Which statements about triglycerides and phospholipids are correct?  
 

1 Triglycerides and phospholipids both have a hydrophobic region.  
 

2 Triglycerides are non-polar molecules and phospholipids are polar.  
 

3 Fatty acids in a triglyceride may be saturated or unsaturated but in a 
phospholipid they are always saturated.  

 

A 1 and 2  

B 1 and 3  

C 2 only 

D 3 only 
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5 The cells in the roots of beetroot plants contain a red pigment. 
 
When pieces of root tissue are soaked in cold water, some of the red pigment leaks out of 
the cells into the water. 
 
An experiment was carried out to investigate the effect of temperature on the loss of red 
pigment from the root cells. It was found that the higher the temperature of the water, the 
higher the rate of loss of red pigment from the root cells. 
 
Which of these statements could explain this trend? 
 

1 Enzymes in the cells denature as the temperature increases, so the pigment 
can no longer be used for reactions inside the cells and diffuses out. 
 

2 As the temperature increases, the tertiary structure of protein molecules in the 
cell surface membrane changes, increasing the permeability of the 
membrane. 

 
3 Phospholipid molecules gain kinetic energy as temperature rises, increasing 

the fluidity of the phospholipid bilayer and allowing pigment molecules to 
diffuse out more easily. 

 

A 1 and 2  

B 2 and 3  

C 2 only 

D 3 only 

 
 
6 High concentrations of urea break all bonds except covalent bonds in protein molecules. 

Which level of protein structure would remain unchanged when keratin is treated with urea? 
 

A primary 

B secondary 

C tertiary 

D quaternary 

 
 
7 Which feature of haemoglobin makes it a globular protein? 
 

A It has four cross-linked polypeptide chains forming a quaternary structure. 

B It has hydrophobic groups on the inside and hydrophilic groups on the outside. 

C It has hydrophobic interactions and is insoluble in water. 

D It has polypeptide chains which are cross-linked to form sheets. 
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8 The graph shows the effects of pH on the activity of the enzyme monoamine oxidase, as 
measured by two different methods. 
 

 
 
Which hypothesis is not supported by these results? 
 

A Both acid and strong alkali denature the enzyme. 

B The optimum pH is alkaline. 

C Strong alkali causes a reversible change in the tertiary structure of the enzyme. 

D The change in the catalytic properties of the enzyme caused by acid is reversible. 

 
 
9 There are two hypotheses to explain how enzymes interact with a substrate. 

 
1 In the lock-and-key hypothesis, enzyme active sites and substrate molecules 

have complementary shapes. 
 

2 In the induced-fit hypothesis, the substrate causes the active site to become 
a complementary shape. 

 
What is true only of the induced-fit hypothesis? 
 

A Adding an excess of substrate does not increase the number of enzyme-substrate 
complexes. 

B An enzyme lowers the activation energy, causing more enzyme-substrate complexes 
to form. 

C An enzyme undergoes a conformational change as it forms enzyme-substrate 
complexes. 

D An increase in enzyme concentration may increase the number of enzyme-substrate 
complexes. 
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10 The graph below shows the variation in the effect of a proteolytic enzyme with temperature 
over time. 
 

 
 
Which of the following conditions can be deduced from the graph? 
 

A The optimum temperature for the enzyme is 27 °C. 

B The optimum temperature for the enzyme increases as the substrate is hydrolysed. 

C The optimum temperature increases causing the experiment to last longer. 

D The optimum temperature of the enzyme decreases over the duration of the 
experiment. 
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11 The diagram represents all human cell types. Each shaded region represents cells with 
varying degrees of ability to differentiate into different cell types. 
 

 
 
Which shaded region includes blood stem cells? 
 

A B C D 

    

 
12 Anti-cancer therapy that targets dividing cells can reduce the numbers of the different 

blood cell types in a person’s body.  
 
Which statement about blood stem cells is correct? 
 

A As blood stem cells are totipotent, all the blood cell types can be produced to restore 
circulating differentiated blood cells to their normal numbers.  

B As blood stem cells are undifferentiated, they are unaffected by anti-cancer therapy 
and will continue to renew themselves to gradually bring numbers of blood cells back 
to normal.  

C Blood stem cells that are collected from a person before anti-cancer therapy and are 
then put back into the same person after therapy are able to produce new blood cells. 

D Blood stem cells removed from the bone marrow, if transplanted to the site where the 
cancer is located, will differentiate into the cell types of the new location.  

 
  

cells with little or no 
ability to differentiate 
further 

multipotent cells 

pluripotent cells 

totipotent cells 
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13 Which statements concerning DNA and RNA are correct? 
 

1 Adenine and guanine are bases that have a double ring structure; cytosine, 
thymine and uracil are bases with a single ring structure. 
 

2 An adenine nucleotide from DNA is the same as an adenine nucleotide from 
RNA; DNA adenine pairs with thymine and RNA adenine pairs with uracil. 
 

3 The base pairing that occurs in a double DNA helix and when RNA is 
synthesised during transcription is always according to the rule that a purine 
pairs with a pyrimidine. 

 
4 The two polynucleotides on a DNA molecule run in opposite directions so that 

the double helix formed has two strands that are parallel to each other. 
 

A 1, 2 and 3 

B 1, 2 and 4  

C 1, 3 and 4 

D 2, 3 and 4 

 
 
14 Which row shows the correct functions of the three different proteins involved in DNA 

replication?  
 

 helicase single-strand binding 
protein DNA polymerase 

A adds DNA nucleotides to 
the 3’ end of a growing 
polynucleotide strand 

make strands available 
as templates 

prevents original strands 
reforming 

complementary base 
pairs 

B prevents original strands 
reforming 

complementary base 
pairs 

adds DNA nucleotides to 
the 3’ end of a growing 
polynucleotide strand 

make strands available 
as templates 

C prevents original strands 
reforming 

complementary base 
pairs 

make strands available 
as templates 

adds DNA nucleotides to 
the 3’ end of a growing 
polynucleotide strand 

D make strands available 
as templates 

prevents original strands 
reforming 

complementary base 
pairs 

adds DNA nucleotides to 
the 3’ end of a growing 
polynucleotide strand 
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15 The table compares the structure and function of some elements involved in transcription. 
 

made of 
protein 

interacts with 
protein 

codes for 
protein 

RNA polymerase 

promoter 

terminator 

gene 

1 

4 

7 

10 

2 

5 

8 

11 

3 

6 

9 

12 

 
Which combination of numbers link the four elements listed to their structures and 
functions? 

 

A 1, 5, 6, 9 and 12 

B 1, 5, 8, 11 and 12  

C 2, 6, 7, 8 and 11 

D 3, 4, 8, 10 and 12 
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16 Two enzymes, X and Y, are each encoded by different alleles of the same gene. The 
amino acid sequences of the two enzymes differ between positions 87 and 91 of the 
polypeptide.  

 
The amino acid sequences of enzymes X and Y, and the corresponding DNA sequence 
of enzyme X from position 86 to position 93 of the polypeptides, are shown in the table 
below. 
  

N terminal end     amino acid position    C terminal end

 86 87 88 89 90 91 92 93 

DNA triplet codes for 
enzyme X 

amino acid sequence of 
enzyme X 

amino acid sequence of 
enzyme Y 

TTT 

 

lys 

 

lys 

TCA 

 

ser 

 

val 

GGT 

 

pro 

 

his 

AGT 

 

ser 

 

his 

GAA 

 

leu 

 

leu 

TTA 

 

asn 

 

met 

CGA 

 

ala 

 

ala 

CGA 

 

ala 

 

ala 

 
The actual mRNA codons for the amino acids in these positions for enzymes X and Y, are 
shown in the table below. 
 

amino acid Lys Ser Pro Leu Asn Ala Val His Met 

mRNA codon(s) AAA 
AGU 

UCA 
CCA 

CUU 

UUA 
AAU GCU GUC 

CAU 

CAC 
AUG 

 
What could account for the difference in amino acid sequence of enzymes X and Y? 
 

A A single frame shift by deletion in the DNA code at position 87. 

B Frame shift mutations in the DNA codes at position 87 and position 90. 

C A change in the sequences of the second and third nucleotides at positions 87 and 88 
of the DNA codes and frameshifts at positions 89 and 91 

D A deletion in the DNA code at position 87 and an insertion into the DNA code at 
position 92. 
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17 The diagram shows cells in the mitotic cell cycle.  
 
In which row does the appearance of the chromosomes match the appearance of the 
nuclear envelopes and the positions of the centrioles in all four cells? 
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18 The graphs show various distance measurements taken from metaphase of mitosis 
onwards. The graphs are to scale when compared to one another. 
 

 
 
Which row correctly identifies the distance measurement for each graph? 
 

 X Y Z 

A distance between 
poles of spindle 

distance between 
sister chromatids 

distance of centromeres 
from poles of spindle 

B distance between 
poles of spindle 

distance of centromeres 
from poles of spindle 

distance between 
sister chromatids 

C distance of centromeres 
from poles of spindle 

distance between 
poles of spindle 

distance between 
sister chromatids 

D distance of centromeres 
from poles of spindle 

distance between 
sister chromatids 

distance between 
poles of spindle 
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19 It has been suggested that breast cancer cells produce high levels of hydrogen peroxide. 
This causes connective tissue cells near the cancer cells to digest some of their 
mitochondria, releasing nutrients which feed the cancer cells.  
 
Which observations made on breast cancer cells and connective tissue cells growing in 
tissue culture support this view?  

 
1 Breast cancer cells grown alone produce hydrogen peroxide.  

 
2 Treating breast cancer cells with hydrogen peroxide causes apoptosis.  

  
3 Connective tissue cells grown with breast cancer cells have reduced 

mitochondrial activity.  
 

4 Treating breast cancer cells with peroxidases increases cancer cell death.  
 

A 1, 2, 3 and 4 

B 1, 3 and 4 only 

C 1 and 4 only 

D 2 and 3 only 

 
 
20 Which are correct statements about the need for a reduction division? 

 
1 Reduction division needs to occur so that a parent will contribute to the zygote 

one set of chromosomes that are similar in size and number to the set 
contributed by the other parent and contain the same genes, but not 
necessarily the same alleles. 
 

2 There is a requirement to reduce the diploid number of chromosomes, 
characteristic of the species, to produce cells with a haploid number in 
preparation for fertilisation and the subsequent restoration of the original 
diploid number. 
 

3 Without reduction division occurring, the fusion of two gametes, each with a 
diploid number, would give rise to a chromosome aberration and cells that 
would have more than two copies of any one gene. 

 

A 1, 2 and 3 

B 1 and 2 only 

C 1 and 3 only 

D 2 and 3 only 
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21 In a monohybrid, sex-linked genetic cross involving dominant and recessive alleles, 
different phenotypes are observed.  
 
Which statement correctly explains these different phenotypes? 

  

A Expression of the recessive allele only occurs in males, because the Y chromosome 
lacks the relevant gene. 

B The nucleotide sequences of the two alleles each produces a different mRNA 
molecule, only one of which is translated into a functional protein. 

C The recessive allele present in the male is unlikely to be transcribed and translated, 
as the male does not have a corresponding nucleotide sequence on the shorter Y 
chromosome. 

D Transcription of alleles at different loci leads to transcription and translation of active 
and inactive enzymes. 

 
 
22 The feather colour of a certain breed of chicken is controlled by codominant alleles. A 

cross between a homozygous black-feathered chicken and a homozygous white-feathered 
chicken produces all speckled chickens. What phenotypic ratios would be expected from 
a cross between two speckled chickens? 

 

A all speckled 

B 1 black feathers : 1 white feathers 

C speckled, black feathers and white feathers in equal numbers 

D 1 black feathers : 2 speckled feathers : 1 white feathers 
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23 A student carried out an investigation into the effect of light intensity on photosynthesis. 
Several groups of spinach leaf discs were placed in test tubes of water. The discs all sank 
to the bottoms of the tubes. Each tube was placed at a measured distance from a lamp.  

 

 
 

As photosynthesis occurs, the build-up of oxygen gas in the leaf discs causes them to rise 
from the bottom of the tube upwards. The results are shown in the table below. 

 
tube number distance from lamp / mm time taken for five discs to float / s 

1 50 125 

2 100 210 

3 150 360 

4 200 600 

5 250 none floated in the time available 
 

Which of these statements are true?  
 

1 The compensation point occurs between 200 and 250 mm.  
 

2 A variable which is controlled is the distance of the tube from the light source.  
 

3 The time taken for the discs to rise is directly proportional to the distance from 
the lamp.  

 

A 1, 2 and 3  

B 1 and 2 only  

C 1 only 

D 2 and 3 only 
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24 What happens in both respiration and photosynthesis? 
 

1 ADP is phosphorylated. 
 

2 ATP is hydrolysed. 
 

3 Electrons pass through ATP synthase.  
 

4 NADP is reduced. 
 

5 Protons pass through ATP synthase.  
 

6 Triose phosphates are decarboxylated. 
 
 

A 1, 4 and 5 

B 1 and 5 only 

C 2, 4 and 6 

D 3 and 6 
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25 The diagram shows the reactions of the hydrogen carriers in the Krebs cycle. 
 

 
 
The average yield of ATP, in oxidative phosphorylation, is 2.5 molecules from each 
molecule of reduced NAD and 1.5 molecules from each molecule of reduced FAD.  

 
What is the average yield of ATP from the hydrogen carriers reduced in the Krebs cycle 
from one molecule of glucose? 
 

A 9 

B 18 

C 28 

D 32 
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26 The diagram shows the flow of carbon atoms in cellular respiration in a plant cell, where 
processes P, Q and R are key stages.  

 
 
Which statements are correct? 
 

1 Process P involves the formation of lactic acid and regeneration of the 
oxidised form of compound W. 
 

2 Compound Y is starch which hydrolyses into acetyl-CoA. 
 
3 In process Q, compound Z undergoes oxidative decarboxylation.  
 
4 Cycle S produces large amounts of reduced coenzymes for oxidative 

phosphorylation.  
 
4 One molecule of compound X yields 36-38 ATP molecules when completely 

oxidised. 
 

A 1, 2 and 4 

B 1 and 3 

C 2 and 5 

D 3, 4 and 5 
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27 In the North America catfish Catostomus clarki, two alleles, represented by p and q, control 
the synthesis of a vital enzyme. The three possible genotypes (pp, pq, qq) lead to the 
synthesis of variations of the same enzyme with different temperature optima as shown in 
the graph below. 
 

 
 
When the mean annual temperature is 5 °C, which is correct? 
 

A Allele p will be positively selected for. 

B Allele p will become dominant and q recessive. 

C The heterozygotes will have a selective advantage over the homozygotes. 

D No genotype will have a selective advantage over another. 

 
 

28 Animals with horizontal stripes are bitten less frequently by tsetse flies. The flies carry 
diseases that infect zebras. 
 
Which explains how zebras might evolve to have more horizontal stripes? 

 

A Bites from tsetse flies cause mutations. If a zebra has a mutation it will die and not 
pass its genes to its offspring which will not have more horizontal stripes. 

B If two zebras with horizontal stripes mate, their offspring will have more horizontal 
stripes. Horizontal stripes will become dominant. This is natural selection. 

C Tsetse flies are a selection pressure. The zebras would gradually develop more 
horizontal stripes and pass them on to their offspring so they are not bitten by flies. 

D Zebras with more horizontal stripes get fewer diseases from tsetse flies. These zebras 
live longer and breed more, passing the allele for more horizontal stripes to their 
offspring. 

qq genotype 

pq genotype 

pp genotype 
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29 The diagram shows the effect of increasing temperatures on the ice and snow cover at the 
polar regions. 

 

 
 

Which effect of higher temperatures in the polar regions could increase global warming? 
 

A Increased evaporation leads to more rainfall, which absorbs heat from the land and 
the sea. 

B Melting of ice and snow results in less reflection of sunlight and more heat absorption 
by the Earth. 

C Melting of sea ice caused more cloud formation, which increases absorption of heat 
in the atmosphere. 

D Earlier melting of snow allows vegetation cover to increase faster, reducing loss of 
heat from the surface of the Earth. 
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30 Increases in global temperatures have been linked in some species to changes in their 
distribution or to the timing of stages in their life-cycles. Examples in North America include: 
 

• earlier nesting of several species of birds 
 

• earlier migration of birds from southern winter habitats to northern breeding 
habitats 
 

• movement of warm water fish into rivers inhabited by cold water species 
 

• an increase in the range of boreal (coniferous) forest as it moves north and 
invades tundra grassland. 

 
If global temperatures continue to increase, which consequences are likely to occur in 
North America as a result of these changes? 
 

1 mismatch between the timing of breeding seasons and maximum food 
availability  
 

2 decrease in populations of all species 
 

3 reduction in the area of tundra grassland 
 

4 decrease in available habitat for cold water species of fish 
 

A 1, 2, 3 and 4  

B 1, 3 and 4 only 

C 1 and 2 only 

D 3 and 4 only 
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Section A 
 

Answer all the questions in this section. 
 

1 Fig. 1.1 shows an electron micrograph of mitochondria cross-sections. 
 

 
 

Fig. 1.1 
 

(a) With reference to Fig. 1.1, state one visible feature of the mitochondrion and explain 
how this feature is adapted for the mitochondrion’s function. [3] 

 
___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

  



3 

Jurong JC/JC2 H1 Biology/Prelim/2018 [Turn over 
 

Fig. 1.2 shows the molecular structure of carbonyl cyanide-4-(trifluoromethoxy) 
phenylhydrazone (FCCP). FCCP is a respiratory poison that binds protons and transports 
them across the phospholipid bilayer of the inner mitochondrial membrane. Protons alone 
are unable to diffuse freely in this manner. 
 

 
 

Fig. 1.2 
 

(b) Explain, in relation to their properties, why FCCP readily diffuses across the 
phospholipid bilayer while protons do not. [2] 

 
___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

In the presence of FCCP, the rate of ATP synthesis during respiration is significantly 
diminished. The rate is further reduced if oxygen becomes unavailable. In such conditions 
where oxygen is depleted, cells continue to oxidise glucose to form pyruvate and sustain 
ATP synthesis. 
 

(c) (i) Identify the key stages where ATP synthesis occurs via substrate level 
phosphorylation. [1] 

 
_______________________________________________________________ 

(ii) State the location where the biochemical pathway enabling the continual 
oxidation of glucose to form pyruvate occurs. [1] 

 
_______________________________________________________________ 

(iii) Explain how ATP synthesis can be sustained in the absence of oxygen in yeast 
cells. [3] 
 
_______________________________________________________________ 

_______________________________________________________________ 

_______________________________________________________________ 

_______________________________________________________________ 

_______________________________________________________________ 

_______________________________________________________________ 

[Total: 10] 
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2 Fig. 2.1 shows a representation of a starch molecule. Starch is made up of amylose and 
amylopectin. 
 

 
 

Fig. 2.1 
 

(a) On Fig. 2.1, label amylose and amylopectin. [2]  
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(b) Explain how the structure of amylopectin is related to its role in living organisms. [2] 
 
___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(c) Describe one structural difference between cellulose and amylopectin. [1] 
 
___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

[Total: 5] 
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3 Fig. 3.1 shows the origin and development of a B cell (a type of white blood cell) from a 
stem cell.  
 

 
 

Fig. 3.1 
 

(a) Explain what is meant by a stem cell. [2] 
 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 
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Turn over for the remainder of Question 3 
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During B cell development, specific cell surface proteins known as CD proteins are 
produced and incorporated into the cell surface membrane.  
 

Fig. 3.2 shows the stages involved in the synthesis of a CD protein in a B cell. 
 

 
Fig. 3.2 

 
(b) With reference to Fig. 3.2, outline the process:   

 
(i) occurring in the nucleus of the B cell to produce pre-mRNA [3] 

 
___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 
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(ii) in forming the translation initiation complex. [3] 
 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(c) Burkitt’s lymphoma is a cancer of B cells. It is caused by a mutation that usually 
involves chromosome 8.  
 
(i) Name one causative agent of mutation in chromosome 8 of Burkitt’s lymphoma. 

[1] 
 
_______________________________________________________________ 

(ii) Describe the key changes of two types of genes and their effects on cancer 
development. [2] 

 
_______________________________________________________________ 

_______________________________________________________________ 

_______________________________________________________________ 

_______________________________________________________________ 

 [Total: 11] 
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4 Galactosaemia is a rare genetic disease in which the build-up of the monosaccharide 
galactose can result in an enlarged liver, kidney failure and brain damage. Galactose is 
produced in the body from the digestion of the sugar lactose, found in milk. 
 
Galactosaemia is caused by a recessive mutation of the GALT gene. The normal dominant 
allele codes for an enzyme which converts galactose to glucose. 
 

(a) (i) Suggest how a person with galactosaemia can minimise damage to the liver, 
kidney and brain. [1] 
 
_______________________________________________________________ 

(ii) Explain how a mutation in the GALT gene could result in a change in the enzyme 
responsible for the metabolism of galactose. [4]  
 
_______________________________________________________________ 

_______________________________________________________________ 

_______________________________________________________________ 

_______________________________________________________________ 

_______________________________________________________________ 

_______________________________________________________________ 

_______________________________________________________________ 

_______________________________________________________________ 
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(b) If the phenotypes of parents are known, the probabilities of having a child with 
galactosaemia, an unaffected child (healthy, not a carrier) or a child who is a carrier 
can be calculated.  

 
Complete Table 4.1 to show the results of these calculations. [2] 

 
Table 4.1 

 

[Total: 7] 
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5 Silvereyes (Zosterops lateralis) are a species of Australian songbirds that can be found in 
both rural and urban environments. These birds produce contact calls to inform one 
another of danger or newly discovered food sources. The pitches and speed (measured 
in number of syllables per second) of Silvereyes’ contact calls were identified to be 
genetically associated. 
 

Studies on Silvereyes living in increasingly denser Australian cities have revealed that the 
birds made contact calls with much higher mean pitches and slower mean speeds with 
longer pauses between calls over the years. 
 

When measured in the past, the mean pitch of the Silvereye call overlapped significantly 
with the pitches of road and air traffic making the calls indistinguishable from urban noise. 
Sound-reflecting buildings also diminished the clarity of the bird calls. 
 
Fig. 5.1 shows a Silvereye. 
 

 
 

Fig. 5.1 
 

(a) Explain how natural selection may have led to a change in the mean pitch and speed 
of the Silvereye calls in the city. [5] 
 
___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 
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(b) An analysis of ice cores from the Arctic and Antarctic can provide information about 
the composition of the Earth’s atmosphere over thousands of years. 

 
Fig. 5.1 shows the concentrations of carbon dioxide measured in ice cores, dated 
between 1000 and 2000 AD. 

 
Fig. 5.1 

 
(i) Describe the trend in Fig. 5.1. [2] 

 
_______________________________________________________________ 

_______________________________________________________________ 

_______________________________________________________________ 

_______________________________________________________________ 

(ii) Atmospheric carbon dioxide concentrations show regular annual variations. 
Suggest one reason for this. [1] 
 
_______________________________________________________________ 

_______________________________________________________________ 
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(c) Fig. 5.2 shows that, over the same period of time, the average surface temperature of 
the Earth has shown a similar pattern of change. The increasing concentrations of 
carbon dioxide is thought to be responsible for the increase in temperature over the 
last 100 years. This is referred to as the enhanced greenhouse effect.  

 
Fig. 5.2 

 
(i) Describe one way in which the data in Fig. 5.2 resembles the data in Fig. 5.1 and 

one way in which it is different. [2] 
 

Similarity  ______________________________________________________ 

_______________________________________________________________ 

Difference  ______________________________________________________ 

_______________________________________________________________ 

(ii) Explain the human activities that have contributed to the enhanced greenhouse 
effect. [2] 

 
_______________________________________________________________ 

_______________________________________________________________ 

_______________________________________________________________ 

_______________________________________________________________ 

[Total: 12] 
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Section B starts on page 16 
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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 answers must be set out in sections (a) and (b), as indicated in the question. 
 
 

6 (a) The organelles of the endomembrane system in animal cells are related through direct 
contact or by the transfer of membrane segments as vesicles. 
 
Outline the functions of the organelles of the endomembrane system and state the 
structural similarities between these organelles. [9] 

 
 

 (b) A 75 kg human consists of ten times more prokaryotic cells than eukaryotic cells, with 
a total prokaryote mass of at least 1 kg. This assembly of prokaryotic cells is known 
as the human prokaryotic microbiome community.   

 
  Outline the differences between typical prokaryotic and eukaryotic cells and state the 

methods by which these differences can be shown.  [6] 
 

[Total: 15] 
 
 

7 (a) Variation exists in individuals of the same species in a population due to a number of 
different reasons. Describe what causes variation and why it is important in natural 
selection. [9] 

 
  (b) Discuss, using known examples, how limiting factors can influence the rate of various 

biological processes.  [6] 
 

[Total: 15] 
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___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 
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___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 
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___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 
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___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 
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___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 
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Section A 
 

Answer all the questions in this section 
 

1 Fig. 1.1 shows an electron micrograph of mitochondria cross-sections. 
 

 
 

Fig. 1.1 
 

(a) With reference to Fig. 1.1, state one visible feature of the mitochondrion and explain 
how this feature is adapted for the mitochondrion’s function. [3] 

 
Visible feature: 
1. The mitochondrion has a highly folded inner mitochondrial membrane / has 

numerous infoldings/cristae ; 
Adaptation: 
2. which provides a (large) surface (area) for the attachment of enzymes / electron 

transport chains / electron carriers / ATP synthase ; [Reject: for H+ diffusion] 
3. involved in oxidative phosphorylation for ATP synthesis. ; 
 
OR 

 
Visible feature: 
4. The mitochondrion has a narrow intermembrane space / Compartmentalisation 

of the mitochondrion by the inner mitochondrial membrane into regions like the 
intermembrane space ; 

Adaptation: 
5. facilitates the accumulation / concentration of H+ leading to the (rapid) 

establishing of a (steep) electrochemical / proton gradient required to ; 
6. drive ATP synthesis. ; 

 
[must make correct match between Visible Feature and Adaptation] 



3 

Jurong JC/JC2 H1 Biology/Prelim/2018 [Turn over 
 

Fig. 1.2 shows the molecular structure of carbonyl cyanide-4-(trifluoromethoxy) 
phenylhydrazone (FCCP). FCCP is a respiratory poison that binds protons and transports 
them across the phospholipid bilayer of the inner mitochondrial membrane. Protons alone 
are unable to diffuse freely in this manner. 
 
 

 
 

Fig. 1.2 
 

(b) Explain, in relation to their properties, why FCCP readily diffuses across the 
phospholipid bilayer while protons do not. [2] 

 
1. FCCP is a small, hydrophobic non-polar molecule and readily diffuses across 

the hydrophobic core of the phospholipids bilayer. FCCP is hence soluble in 
lipids. (all subjects required) ; 

2. Protons are charged and are repelled by the hydrophobic core of the 
phospholipid bilayer of the inner mitochondrial membrane. Thus, protons 
cannot diffuse readily. ; 

 [Mark once for “hydrophobic core”] 
 

In the presence of FCCP, the rate of ATP synthesis during respiration is significantly 
diminished. The rate is further reduced if oxygen becomes unavailable. In such conditions 
where oxygen is depleted, cells continue to oxidise glucose to form pyruvate and sustain 
ATP synthesis. 
 

(c) (i) Identify the key stages where ATP synthesis occurs via substrate level 
phosphorylation. [1] 

 
glycolysis and Krebs cycle ; 

 
(ii) State the location where the biochemical pathway enabling the continual 

oxidation of glucose to form pyruvate occurs. [1] 
 

Cytosol / cytoplasm ; 
 

(iii) Explain how ATP synthesis can be sustained in the absence of oxygen in yeast 
cells. [3] 
 

1. ATP in yeast can be sustained through anaerobic respiration, where 
glycolysis occurs followed by alcoholic fermentation. ; 

2. Regeneration of NAD (during alcoholic fermentation) allows glycolysis to 
continue ; 

3. resulting in a net gain of 2 ATP per molecule of glucose via substrate level 
phosphorylation. ; 

 
[Total: 10] 
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2 Fig. 2.1 shows a representation of a starch molecule. Starch is made up of amylose and 
amylopectin. 
 

 
 

Fig. 2.1 
 

(a) On Fig. 2.1, label amylose and amylopectin. [2]  
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(b) Explain how the structure of amylopectin is related to its role in living organisms. [2] 
 

1. Amylopectin is highly branched / many side chains formed by α-1, 6 glycosidic 
bonds, hence there are more branched ends / sites for hydrolytic enzymes to act 
on at any one time / can be hydrolysed by hydrolytic enzymes more efficiently; 
hence amylopectin acts as an accessible source of glucose 

2. The glycosidic bonds (between monomers) in amylopectin can be hydrolysed 
easily, resulting in the release of a large number of glucose monomers; hence 
amylopectin acts as an accessible source of glucose 

3. Amylopectin is a large (polysaccharide) / long chain (of glucose residues), which 
makes it insoluble in water; making amylopectin a suitable energy storage 
molecule within the cell 

4. Insoluble nature of amylopectin prevents its diffusion out of the cell, hence it 
does not affect/AW the water potential / has no osmotic effect (within the cell); 
making amylopectin a suitable energy storage molecule within the cell 

5. Due to the compact structure / packing of many glucose molecules per unit 
volume, amylopectin serves as a good storage molecule (TEACH) / good energy 
source in animals; as a lot of energy in the form of ATP is released when 
amylopectin is hydrolysed 

 
(c) Describe one structural difference between cellulose and amylopectin. [1] 

 
1. a polymer of β-glucose vs a polymer of α-glucose; 
2. successive β-glucose residues are rotated 180° with respect to its adjacent 

residue vs successive α-glucose residues are not rotated 180° with respect to 
its adjacent residue; 

3. consists of (a long chain of) β-glucose residues joined by β-1,4 glycosidic bonds 
vs (a backbone of) α-glucose residues held together by α-1,4 glycosidic bonds, 
and is highly branched/with side chains formed by α-1,6 glycosidic bonds; 

4. unbranched/linear vs branched; 
5. hydrogen bonds are formed between the –OH groups of neighbouring cellulose 

chains lying in parallel (resulting in cross-linking) vs most of the –OH groups 
are projected into the interior of the helix, hence there are no free –OH groups 
to form hydrogen bonds with between neighbouring amylopectin; 

6. hydrogen bonds / cross-linking are formed between neighbouring cellulose 
chains (lying in parallel) vs hydrogen bonds are not form / no cross linking 
between neighbouring amylopectin; 

7. In cellulose, –OH groups projecting outwards from each cellulose chain in all 
directions vs in amylopectin, most of the –OH groups are projected into the 
interior of the helix; 

[Total: 5] 
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3 Fig. 3.1 shows the origin and development of a B cell (a type of white blood cell) from a 
stem cell.  
 

 
 

Fig. 3.1 
 

(a) Explain what is meant by a stem cell. [2] 
 
1. Stem cells are capable of remaining undifferentiated (and unspecialised) for a 

long time ; 
2. Stem cells are capable of dividing indefinitely/renewing itself many times by 

mitosis ; 
3. Stem cells can undergo differentiation, giving rise to specialised cell types (upon 

receiving appropriate molecular signals) ; 
 

  



7 

Jurong JC/JC2 H1 Biology/Prelim/2018 [Turn over 
 

During B cell development, specific cell surface proteins known as CD proteins are 
produced and incorporated into the cell surface membrane.  
 

Fig. 3.2 shows the stages involved in the synthesis of a CD protein in a B cell. 
 

 
Fig. 3.2 

 
(b) With reference to Fig. 3.2, outline the process:   

 
(i) occurring in the nucleus of the B cell to produce pre-mRNA [3] 

 
1. Transcription is the synthesis of an RNA molecule with a base sequence 

complementary to a section of DNA in the nucleus ; 
2. RNA polymerase recognises and binds to the (core) promoter, forming a 

transcription initiation complex together with general transcription factors ; 
3. Free RNA nucleotides align opposite the template strand via complementary 

base-pairing ; 
4. (base-pairing) Cytosine pairs with guanine, guanine with cytosine, thymine 

with adenine and adenine with uracil, forming hydrogen bonds with 
complementary DNA bases ; (any 2) 

5. RNA polymerase joins these RNA nucleotides together by catalysing the 
formation of a phosphodiester bond between RNA nucleotides ; 
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(ii) in forming the translation initiation complex. [3] 
 

1. A small ribosomal subunit recognises and binds to the 5’ end of the mRNA 
and travels along the mRNA until it reaches the first AUG / start codon;  

2. A special initiator tRNA carrying the amino acid methionine (Met) / anticodon 
UAC, binds to the start codon AUG on the mRNA; 

3. The union of mRNA, initiator tRNA, and a small ribosomal subunit is followed 
by the attachment of a large ribosomal subunit, completing a translation 
initiation complex; 

4. Proteins called initiation factors and GTP are required to bring all these 
components together; 

 
(c) Burkitt’s lymphoma is a cancer of B cells. It is caused by a mutation that usually 

involves chromosome 8.  
 
(i) Name one causative agent of mutation in chromosome 8 of Burkitt’s lymphoma. 

[1] 
 

5. (Exposure to) ionising radiation, e.g. X-rays / gamma rays / UV radiation / 
nuclear radiation; 

6. (Exposure to) chemical carcinogens, e.g. tobacco/tar in cigarettes; 
7. Infection by viruses, e.g. human papilloma virus (HPV); 

 
(ii) Describe the key changes of two types of genes and their effects on cancer 

development. [2] 
 

1. Gain-of-function mutation in (one copy of) proto-oncogenes results in 
overstimulation of cell cycle/uncontrolled cell division ; 

2. Loss-of function mutation in (both copies of) tumour suppressor genes 
results in inappropriate cell cycle progression/cell cycle not being arrested ; 

3. Mutation in genes which control regulatory checkpoints of the cell cycle 
results in inappropriate cell cycle progression ; 

4. Mutation in the genes involved in apoptosis causes cells to evade 
programmed cell death (even when the DNA of the cells are irreparably 
damaged) ;  

5. Up-regulation/Activation of genes coding for telomerase prevents the 
progressive shortening of telomeres with each round of DNA replication, 
such that cancer cells (have limitless replicative potential and) can divide 
indefinitely ; 

 
[Total: 11] 
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4 Galactosaemia is a rare genetic disease in which the build-up of the monosaccharide 
galactose can result in an enlarged liver, kidney failure and brain damage. Galactose is 
produced in the body from the digestion of the sugar lactose, found in milk. 
 
Galactosaemia is caused by a recessive mutation of the GALT gene. The normal dominant 
allele codes for an enzyme which converts galactose to glucose. 
 

(a) (i) Suggest how a person with galactosaemia can minimise damage to the liver, 
kidney and brain. [1] 
 

• consume, less / no, milk / lactose / (named) dairy products; 
 

(ii) Explain how a mutation in the GALT gene could result in a change in the enzyme 
responsible for the metabolism of galactose. [4]  

 
1. Single base pair substitution has occurred in the DNA / gene; 
2. Different codon is coded for in the mRNA, resulting in a missense mutation; 
3. (resulting in a change in amino acids with different properties due to different 

R groups and) a change in polypeptide sequence/ primary structure; 
4. change in specific 3D conformation of protein;  
5. change in allosteric site / active site; 
6. resulting in a non-functional enzyme / does not convert galactose (to 

glucose);  
 
(b) If the phenotypes of parents are known, the probabilities of having a child with 

galactosaemia, an unaffected child (healthy, not a carrier) or a child who is a carrier 
can be calculated.  

 
Complete Table 4.1 to show the results of these calculations. [2] 

 
Table 4.1 

 

 
 

carrier carrier 25 25 50 ; 

unaffected has galactosaemia 0 0 100 ; 
 

[Total: 7] 
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5 Silvereyes (Zosterops lateralis) are a species of Australian songbirds that can be found in 
both rural and urban environments. These birds produce contact calls to inform one 
another of danger or newly discovered food sources. The pitches and speed (measured 
in number of syllables per second) of Silvereyes’ contact calls were identified to be 
genetically associated. 
 

Studies on Silvereyes living in increasingly denser Australian cities have revealed that the 
birds made contact calls with much higher mean pitches and slower mean speeds with 
longer pauses between calls over the years. 
 

When measured in the past, the mean pitch of the Silvereye call overlapped significantly 
with the pitches of road and air traffic making the calls indistinguishable from urban noise. 
Sound-reflecting buildings also diminished the clarity of the bird calls. 
 
Fig. 5.1 shows a Silvereye. 
 

 
 

Fig. 5.1 
 

(a) Explain how natural selection may have led to a change in the mean pitch and speed 
of the Silvereye calls in the city. [5] 

 
1. Spontaneous mutation results in genetic variation (in alleles coding for 

Silvereye contact call pitch and speed) within the population of Silvereyes living 
in the city ; 

2. Birds that do not make clearer calls hence die from predation / lack of food. ; 
• Selection Pressure: Urban noises such as road and air traffic and sound-

reflective buildings muffled the Silvereye contact call, diminishing the 
success of birds communicating danger and newly discovered food sources 
among themselves. 

3. On the other hand, Silvereyes that made calls at a higher pitch and slower speed 
are at selective advantage. ; 

4. Silvereyes selected for these advantageous traits survive to maturity, 
mate/reproduce and passed down favourable alleles (that code for higher-
pitched and slower contact calls) to their offspring / ORA. ;  

5. Over time, there is a change in the allele frequencies in the population for 
contact call pitch and speed, leading to evolution of a higher mean pitch and 
slower speed with pauses in Silvereye calls. ; 
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(b) An analysis of ice cores from the Arctic and Antarctic can provide information about 
the composition of the Earth’s atmosphere over thousands of years. 

 
Fig. 5.1 shows the concentrations of carbon dioxide measured in ice cores, dated 
between 1000 and 2000 AD. 

 
Fig. 5.1 

 
(i) Describe the trend in Fig. 5.1. [2] 

 
1. The atmospheric carbon dioxide concentration stayed relatively constant at 

around 285 parts per million in year 1060 and increased 
exponentially/sharply in year 1750 to reach 350 parts per million in year 2000; 

 
1m for constant, increased sharply 
1m for pair of figures 

 
(ii) Atmospheric carbon dioxide concentrations show regular annual variations. 

Suggest one reason for this. [1] 
 
1. There are (four) seasons/seasonal changes in a year / atmospheric carbon 

dioxide concentrations is lower in summer and higher in winter; 
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(c) Fig. 5.2 shows that, over the same period of time, the average surface temperature of 
the Earth has shown a similar pattern of change. The increasing concentrations of 
carbon dioxide is thought to be responsible for the increase in temperature over the 
last 100 years. This is referred to as the enhanced greenhouse effect.  

 
Fig. 5.2 

 
(i) Describe one way in which the data in Fig. 5.2 resembles the data in Fig. 5.1 and 

one way in which it is different. [2] 
 

1. Similarity: The change in temperature stayed relatively constant before 
increasing exponentially/sharply  
 

2. Difference: there are more variations/fluctuations in the changes in 
temperature and less variations/fluctuations in atmospheric carbon dioxide 
concentrations; 

 
(ii) Explain the human activities that have contributed to the enhanced greenhouse 

effect. [2] 
 
1. Burning of fossil fuels due to increasing energy usage releases large 

amounts of stored carbon into the atmosphere as carbon dioxide (CO2) and 
is the major source of CO2 emission; 

2. Deforestation causes a net reduction in carbon storage as forested areas act 
as carbon sinks and results in CO2 emission when forests are burnt, 
increasing the level of CO2 in the atmosphere; 

 
[Total: 12] 
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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 answers must be set out in sections (a) and (b), as indicated in the question. 
 
 

6 (a) The organelles of the endomembrane system in animal cells are related through direct 
contact or by the transfer of membrane segments as vesicles. 
 
Outline the functions of the organelles of the endomembrane system and state the 
structural similarities between these organelles. [9] 

 
(Max 7 from pt 1 – 14)   
Functions of the rough ER 
1. sites of protein synthesis; 
2. biochemical modification takes place in cisternal space / proteins may be 

modified by enzymes in the cisternal space of ER that add carbohydrate chains 
(or lipids) to them – glycosylation; 

3. serves as the intracellular transport system which transports the 
synthesised/modified proteins to other compartments within the cell by 
transport vesicles budding off from the ER membrane; 

4. The membrane of transport vesicles (formed from rough ER membrane) also 
replenishes the membrane of Golgi body.; 

 
Functions of the smooth ER 
5. responsible for the synthesis of lipids (e.g. phospholipids and steroid 

hormones); 
6. involved in carbohydrate metabolism in the liver (glycogenolysis);  
7. detoxification of drugs and other toxic substances in the liver;  
8. storage of calcium ions necessary for muscle contraction; 

 
Function of Golgi body 
9. Further modify, sort and package proteins / products of ER into vesicles before 

transporting to other parts of the cell and/or out of the cell / targeted for other 
destinations;; 

10. Formation of secretory vesicles containing matured proteins which move to the 
cell surface and fuse with the plasma membrane, releasing their contents out of 
the cell via the process of exocytosis;; 

11. Formation of lysosomes containing hydrolytic enzymes (e.g. proteases, 
nucleases, lipases);; 

 
Function of Lysosomes 
12. Intracellular digestion – to digest material which the cell consumes from the 

environment through phagocytosis; 
13. Autophagy – to digest parts of the cell such as damaged or worn-out organelles; 
14. Autolysis – self-destruction of a cell by releasing the hydrolytic enzymes of all 

lysosomes within the cell.; 
  



14 

Jurong JC/JC2 H1 Biology/Prelim/2018  
 

Structural similarities 
15. Presence of (single) membrane / phospholipids bilayer; 
16. Presence of proteins/enzymes within organelles; 
17. Presence of fluid-filled space; 
18. Association with cytoskeleton; 
 

QWC: 
Good spread of knowledge communicated without ambiguity to include: 
At least 2 organelles’ functions and at least 1 MP on the structural similarities. 
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 (b) A 75kg human consists of ten times more prokaryotic cells than eukaryotic cells, with 
a total prokaryote mass of at least 1kg. This assembly of prokaryotic cells is known 
as the human prokaryotic microbiome community.   

 
  Outline the differences between typical prokaryotic and eukaryotic cells and state the 

methods by which these differences can be shown.  [6] 
 

Differences (max 5) 
Features Eukaryotes Prokaryotes 

1. Size Large, 10-100µm Small/<1 µm 
2. Nucleus/nuclear 

envelope 
Present Absent 

3. Cell wall Absent in animal cell Present in prokaryotic cell 
4. Membrane bound 

organelles 
Present Absent 

5. Ribosomes 80S/large/22nm 70S/small/18nm 
6. DNA conformation Linear Circular 
7. Introns Present Absent 
8. Origin of replication 

(ori) 
Many Few 

9. Compaction of DNA Highly condensed Less condensed 
10. Size of genome Large Small 
11. Histones Present Absent 
12. Component in cell wall Cellulose in plant cell  Peptidoglycan in bacterial 

cell 
13. Peptidoglycan Absent Present 

 
Pt 12 & 13: award once 

 
 
Methods:  
14. Light microscope;  
15. Use of stain;  
16. Electron microscope;  
17. Centrifugation;  
18. Chemical analysis;  
19. DNA analysis/PCR/DNA sequencing/electrophoresis;  
20. Other valid methods;  
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7 (a) Variation exists in individuals of the same species in a population due to a number of 
different reasons. Describe what causes variation and why it is important in natural 
selection. [9] 

 
Causes of Variation (Max 7) 
1. Variation is due to mutation, meiosis and sexual reproduction ; 
 
Gene Mutation 
2. Gene mutations are defined as changes in the sequence of DNA nucleotides in 

the gene; 
3. Due to exposure to chemical carcinogens such as tobacco in cigarette smoke / 

ionising radiation such as UV-rays, X-ray / viruses / errors during DNA 
replication or repair etc.; 

4. Base pair substitution / addition / deletion may occur, resulting in nonsense / 
silent / missense / frameshift mutation; (max 1) 

 
5. Base-pair substitution – replacement of one nucleotide base pair with another 

base-pair in a gene, resulting in missense mutation/nonsense 
mutation/significant change in the encoded protein OR silent mutation/no/little 
effect on the encoded protein; 

 
6. Base-pair addition – insertion of one or more nucleotide base pairs in a gene, 

resulting in frameshift mutation, whereby the reading frame is altered / 
nucleotides downstream from the mutation are improperly grouped into 
incorrect codons and read in different sets of threes; 
OR 

7. Base-pair deletion – loss of one or more nucleotide base pairs in a gene, 
resulting in frameshift mutation, whereby the reading frame is altered / 
nucleotides downstream from the mutation are improperly grouped into 
incorrect codons and read in different sets of threes; 

 
Max 2 for MP 4-7 
 
Chromosomal aberration 
8. Chromosomal aberration can be categorised as numerical aberration (the 

change in chromosome number) or structural aberration to chromosomes; 
 
9. Translocation – a section of chromosome breaks off from one chromosome and 

becomes attached to another chromosome; 
10. Duplication – a section of a chromosome replicates such that a set of gene loci 

is repeated; 
11. Deletion – a chromosome breaks at two points, the middle portion is displaced 

with the two ends joining together; 
12. Inversion – a chromosome breaks at two locations and the middle portion flips 

through 180o before rejoining; 
 
13. Aneuploidy is a condition in the nucleus where there are one or several 

chromosomes more than or less than the diploid number of chromosomes; 
14. Aneuploidy can result from non-disjunction during anaphase / when a haploid 

gamete fuses with a gamete carrying n-2, n-1, n+1 or n+2 chromosomes; 
15. Polyploidy is a condition of the nucleus where there are three or more times the 

haploid number of chromosomes, e.g. 3n, 4n and 5n; 
16. It can result from non-disjunction, the fusion of a diploid gamete with a normal 

haploid gamete giving a triploid nucleus; 
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Meiosis 
17. In meiosis, crossing over between non-sister chromatids of homologous 

chromosomes occurs during prophase I; 
18. Independent assortment of homologous chromosomes during metaphase I and 

chromatids during metaphase II; 
19. Results in new combination of alleles; 
 
Sexual reproduction 
20. Random fusion of gametes during sexual reproduction; 
21. Results in new combination of alleles (award once); 

 
Importance in Natural Selection 
22. Variation describes the differences in characteristics / means the presence of 

different characteristics; 
23. due to presence of different alleles in the different individuals; 
24. resulting in differential reproductive success / different survival rates; 
25. Variations in characteristics are subjected to selection pressure from the 

environment; 
26. There can be continuous / discontinuous variation; 
27. Due to interaction of genotype and environment; 
28. variants with favourable characteristics will survive to maturity, reproduce and 

pass down their favourable alleles to their offspring; 
29. Those with unfavourable characteristics die and fail to do so; 
 
QWC: 
Good spread of knowledge communicated without ambiguity to include: 
At least 2 causes of variation and at least 1 MP on the importance. 
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 (b) Discuss, using known examples, how limiting factors can influence the rate of various 
biological processes.  [6] 

 
Definition 
1. A limiting factor is that factor which directly affects/determines the rate of 

reaction/process if its quantity is changed / when the factor is in 
lowest/shortest/scarcest supply. ; 
 

Biological Processes 
 
2. Biological Process: Enzyme-catalysed Reactions ; 

 

Factor How Factor Influences Rate  

3. Substrate concentration + illustrate how factor influence rate ; 

4. Enzyme concentration ; 

5. Temperature ; 

6. pH ; 
[Max 3] 

 
REJECT: Concentration of competitive or non-competitive inhibitors as limiting 
factors. 

 
7. Biological Process: Facilitated Diffusion ; 

 

Factor How Factor Influences Rate  

8. (Steepness of) concentration 
gradient / difference in 
concentrations of transported 
substance across a cell / 
biological membrane 

+ illustrate how factor influence rate ;

9. Density of channel/carrier 
proteins on the membrane 

;

 
10. Biological Process: Photosynthesis ; 

 

Factor How Factor Influences Rate  

11. Light intensity + illustrate how factor influence rate ;

12. Temperature ;

13. Carbon dioxide concentration ;
 

14. Biological Process: Aerobic Respiration ; 
 

Factor  How Factor Influences Rate  

15. Glucose / hexose sugars concentration + illustrate how factor 
influence rate 

;

16. Oxygen availability ;

17. Temperature ;

18. NAD+ / FAD+ / mobile electron carriers 
availability 

;

[Max 3] 
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19. Biological Process: Population Growth / Bacteria Colony Growth ; 
 

Factor How Factor Influences Rate  

20. Nutrient availability + illustrate how factor 
influence rate 

;

21. Water availability ;

22. Temperature ;

23. Competition for resources / Predation / AVP ;
[Max 3] 

 
REJECT: Signal Reception / Ligand-Receptor Interactions as a form of biological 
process that is influenced by limiting factors. Any limits on rates of signal 
propagation and hence response efficacy is overcome by signal amplification. 

 
QWC: 
Clearly communicates limiting factors of 2 different biological processes 
 
  [Total: 6] 
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