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3 The rate of reaction of a typical human enzyme was compared with the rate of reaction of a 
typical enzyme taken from bacteria that live in hot springs. The rates of reaction were 
measured over the same range of temperatures. The data obtained is shown in the following 
diagram. 
 

 
 
 
 
Which statement can be concluded?  

A Typical human enzymes fail to act at temperatures above 50ºC as they are denatured 
due to disruption of covalent bonds. 

B The temperature coefficient for typical enzymes from bacteria that live in hot springs is 
two for temperatures between 45ºC to 75ºC. 

C A denatured human enzyme would resume activity if reincubated at 20ºC. 

D Enzymes from bacteria that live in hot springs withstand temperatures up to 90ºC as 
they have a low Km value. 

4 Ethylene glycol is a chemical used to prevent water from freezing. If ethylene glycol is 
swallowed accidentally, it is metabolised by an enzyme found in liver cells to produce a toxic 
product. 
 
The enzyme normally catalyses the oxidation of ethanol to a harmless product. 
 
People who have swallowed ethylene glycol are treated with large doses of ethanol. This 
prevents formation of a toxic product and allows the body to excrete the ethylene glycol. 
 
Which statement describes why this treatment works? 
 

 A Ethanol binds near the active site on the enzyme, altering its shape. 

 B Ethanol dissolves the co-factor of the enzyme, making the enzyme non-functional. 

 C Ethanol changes the tertiary structure of the enzyme, denaturing it. 

 D Ethanol is more likely to bind to the active site on the enzyme. 

temperature / ºC 

rate of reaction / 
arbitrary units 

human bacteria 

100  80 60  40  20  0  
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9 In an experiment similar to that of Meselson and Stahl, bacteria having DNA fully labelled 
with the heavy isotope of nitrogen (15N) were transferred to a medium containing only the 
light isotope of nitrogen (14N). 

The bacteria were allowed to reproduce for two generations in this medium. 

Which statement would be true of the DNA of the second generation? 

 A All DNA molecules will consist entirely of 14N nucleotides. 

 B 25% of DNA molecules will have 14N and 15N nucleotides and 75% will have 14N 
nucleotides only. 

 C 50% of DNA molecules will have 14N nucleotides only and 50% will have half 15N and 
half 14N nucleotides. 

 D 50% of DNA molecules will have 14N nucleotides only and 50% will have 15N 
nucleotides only. 

10 Which statement(s) about RNA is / are correct? 

5 It is less stable than DNA as it contains a ribose sugar that lacks a 2’ OH group. 

6 It is able to form double-stranded regions with some areas of base pairing.  

7 It is a polymer of purine and pyrimidine joined by phosphodiester bonds. 

8 It is synthesised in the 5’ to 3’ direction where the 5’-phosphate group of the 
growing RNA strand is joined to the 3’-hydroxyl group of an incoming nucleotide. 

 A 2 B 1 and 4 C 2 and 3 D 1, 3 and 4 
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11 The diagram outlines the production of protein in a cell. 

                    
   
 
Which statements are correct? 
 

1 DNA involved has the base sequence TACGGCCTTCTGCCTGGGGGACTAACT.

2 RNA polymerase is active during step P and removal of exons by spliceosome 
occurs at step Q to give product R. 

3 Bond T is synthesised by RNA found in structure S. 

4 The mRNA shown will code for a protein containing eight amino acids.  

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

step P 

step Q 

product R 

structure S  

bond T 
 

nuclear 
membrane 
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12 Haemoglobin consists of four polypeptide chains. In normal adult haemoglobin, two of these are 
beta chains, each comprising 146 amino acids. Variations exist in the amino acid composition of 
these chains, resulting in different kinds of haemoglobin. One of these variants is called 
haemoglobin S. 

The first seven amino acids in the beta chains of these two haemoglobins are given below. The 
amino acids at each of the remaining positions are the same for both kinds of haemoglobin. 

position of amino acid 
in haemoglobin chain: 

 
1 

 
─ 2 ─ 3 ─ 4 ─ 5 ─ 

 
6 

 
─ 

 
7... 

normal adult 
haemoglobin: 

val ─ his ─ leu ─ thr ─ pro ─ glu ─ glu... 

haemoglobin S: val ─ his ─ leu ─ thr ─ pro ─ val ─ glu... 
 
The genetic code for the amino acids in these sequences, coded for by the template strand of 
DNA, is shown in the following table. 

 
 

Using the information provided above, which statement(s) is/are true about normal adult 
haemoglobin and haemoglobin S? 

1 During transcription of normal haemoglobin, the mRNA codon sequence could be 
CAC for amino acid 2 and GAA for amino acid 7. 

2 Haemoglobin S could be the result of a single base mutation in the DNA of normal 
adult haemoglobin. 

3 A deletion of nucleotide 12 would not change the fourth amino acid in the 
sequence of normal adult haemoglobin. 

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

DNA triplet amino acid DNA triplet amino acid 
 
CAA or CAG or CAT or CAC 

 
val TGA or TGG or TGT or TGC thr 

 
GTA or GTG 

 
his GGA or GGG or GGT or GGC pro 

 
AAT or AAC or GAA or GAG or 
GAT or GAC 

 
leu CTT or CTC glu 
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13 The white clover, Trifolium repens, is one of the plants found growing as a weed in many 
lawns. Leaves of the white clover are divided into three leaflets, which often have 
characteristic white patterns visible on their surface. The two basic forms of the pattern are a 
chevron and patch. The diagram below shows these two patterns. 
 

 

 
 

chevron pattern 
  

patch pattern 
 
If a pure-breeding clover plant with the chevron pattern is crossed with a pure-breeding plant 
with the patch pattern, the offspring have leaflets with a mixed chevron and patch pattern, as 
shown in the diagram below. 
 

 
mixed pattern 

 
Which row correctly describes the inheritance of leaflet patterns in white clover? 
 

 number of alleles that determines the 
white patterns in the leaflets 

mode of inheritance 

A 2 codominance 

B 2  complete dominance 

C > 2 codominance 

D > 2 complete dominance 
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14 The diagram shows the results of a series of crosses in rabbits. 
 

Cross 1 dark grey male  light grey female 

 
 
 
 

 1 dark grey male, 2 albino males, 1 light grey female, 1 albino female 

  

Cross 2 light grey male  albino female 

 
 
 
 

 3 light grey males, 2 Himalayan males, 2 Himalayan females 

  

Cross 3 dark grey male  Himalayan female 

 
 
 
 

 2 dark grey males, 1 light grey male, 1 dark grey female, 2 light grey females 

  

What explains the inheritance of the range of phenotypes shown by these crosses? 

 A a pair of codominant alleles  

 B one gene with multiple alleles 

 C sex linkage of the allele for grey coat colour 

 D two genes, each with a dominant and recessive allele 

15 In the breeding season, male Anole lizards court females by bobbing their heads up and 
down while displaying a colorful throat patch.  Both characteristics are controlled by genes 
found on separate chromosomes.  Anoles prefer to mate with lizards, which bob their heads 
fast and have red throat patches. These two alleles are dominant over their counterparts, 
slow bobbing and yellow throats. 
 
A male lizard heterozygous for head bobbing and homozygous dominant for the red throat 
patch mates with a female that is also heterozygous for head bobbing but has yellow throat 
patches. 
 
What percentage of the offspring has fast bobbing and red throat phenotype? 
 

 A 25% B 50% C 75% D 100% 
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17 The more sunlight a plant receives, the higher the photosynthetic rate.   

If light intensity is kept uniformly high, which of the following statements is true of the rate of 
photosynthesis? 

 A Carbon dioxide is limiting when temperature is high while carbon dioxide 
concentration is high. 

 B Carbon dioxide is limiting when temperature is high while carbon dioxide 
concentration is low. 

 C Temperature is limiting when temperature is low while carbon dioxide concentration is 
low. 

 D Temperature is limiting when temperature is high while carbon dioxide concentration 
is low. 

16 The diagram outlines the light-dependent stage of photosynthesis in which products X and Y 
are formed. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Which statements are true? 
 

1 PSI has a higher energy level due to higher light intensity. 
 

2 Electrons from PSII will always be used to form Y. 
 

3 Water is always necessary for the formation of X. 
 

4 Cyclic flow of electrons results in the formation of X. 
 

5 Non-cyclic photophosphorylation is needed for oxidation of Y. 
 

 A 2 and 4 B 3 and 5 C 1, 3 and 5 D 2, 3 and 4 

increasing 
energy level 

light 

water 

Y 

X

photosystem II 

photosystem I

light 
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18 The flowchart shows some of the crucial steps in the glycolytic pathway involving one 
glucose molecule. 
 
 
 
 

 
 
 

  
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
Which shows the correct arrangement of the respective molecules according to the number 
of ATP produced upon completion of aerobic respiration?  
 

 A reduced NAD < glucose < glyceraldehyde-3-phosphate 

 B reduced NAD < glyceraldehyde-3-phosphate < glucose 

 C glyceraldehyde-3-phosphate < glucose < reduced NAD 

 D glucose < glyceraldehyde-3-phosphate < reduced NAD 
 
 
 

  

glucose 

c c c c cc

2 ATP

2 ADP

Pc c c c cc

2 Pc c c

4 ADP

2 NADH

2 NAD

4 ATP

c c c2

fructose-1,6-bisphosphate 

glyceraldehyde-3-phosphate 

pyruvate 

P 



©   Hwa 

19 The d
 

 
Whe
differ
 
Whic
 

 A 

 B 

 C 

 D 

 

 

V 

Chong Instit

diagram sh

n compared
rences in th

ch is the mo

A complet

A higher p

A lower pr

An increas

 

tution 2015   

ows a secti

d to the mo
he membran

ost likely set

te absence 

proportion o

roportion of 

sed distanc

 

P 

              

on through 

ore fluid ce
ne composit

t of differen

of compone

of componen

f componen

ce across R 

U 

15 

         8875

a cell surfa

ll surface m
tion can be 

ces that wil

ent Q and a

nt S and a h

t V and a h

and a high

H1 Biology /

ace membra

membrane o
observed.

ll be observ

a higher pro

higher prop

igher propo

er proportio

JC2 Prelimi

ane from an

of a phagoc

ved in the ph

oportion of c

ortion of co

ortion of com

on of compo

Q 

S T 

inary Exams 

n animal cel

cytic cell, a

hagocytic c

component 

omponent T

mponent U. 

onent V. 

/ Paper 1 

ll. 

 number of

ell? 

P. 

. 

R

f 



16 

©   Hwa Chong Institution 2015                           8875 H1 Biology / JC2 Preliminary Exams / Paper 1 

20 The diagram represents part of a cell surface membrane through which amino acid 
molecules are moving. 
 

 
 
Which correctly explains this movement? 
 

 A Active transport through a carrier protein 

 B Facilitated diffusion through a channel protein 

 C Pinocytosis through the cell surface membrane 

 D Simple diffusion through the phospholipid bilayer 

 

 

 

  

amino acid 

protein 
direction of 
movement 

phospholipid 
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21 Copper tolerance in grass is genetically determined. The following is a diagrammatic 
representation of an aerial view of a region found in Great Britain that includes: 

 a section of copper contaminated soil (shaded grey) 

 populations of grass growing in areas P, Q and R (solid circles) 

 percentage of copper resistant plants in areas P, Q and R. 

 

 
It is reasonable to conclude from the information that                 

 A all plants in the copper contaminated area would be homozygous at the gene locus for 
copper tolerance. 

 B high levels of copper tolerance would be a selective advantage for all plants in areas P, 
Q and R. 

 C the difference in copper tolerance between populations in areas P and R is the result of 
mutation. 

 D gene flow is occurring between populations in areas Q and R. 

 

prevailing wing direction 

copper contaminated area 

15% copper 
tolerant 

90% copper 
tolerant 

50% copper 
tolerant 

P Q R 
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22 In some autosomal recessive conditions in humans, the homozygous recessive genotype 
results in death before reproductive age. Despite this, the allele for the recessive trait is 
maintained in the population.  
 
Which explains the maintenance of the recessive allele in the population? 
  

 A Mutation 

 B Migration between populations 

 C The heterozygote is biologically fitter than either of the homozygous genotypes. 

 D Individuals with the homozygous dominant genotype produce more offspring in each 
generation. 

23 Which of the following ideas were not part of Darwin’s theory of evolution by natural 
selection? 
 

1 Acquired variation is inherited. 

2 Variation between individuals arises by gene mutation. 

3 Organisms produce more offspring than the environment can support. 

4 Only those individuals best adapted to the environment survive and reproduce. 

5 Regions that encode portions of the polypeptide that are vital for structure and 
function are less likely to incur mutations. 

 A 1, 2 and 5 

 B 1, 3 and 4 

 C 2, 3 and 5 

 D 2, 4 and 5 
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24 Genetic engineers use restriction enzymes to cut DNA into shorter fragments.  The 
restriction site of EcoRI is shown in the table.  The symbol * denotes the position of the cut. 

restriction 
enzyme 

restriction site  

(read in 5’ to 3’ direction) 

EcoRI 

      

G* A A T T  C 
C T T A A *G 
      

 
Consider the double-stranded DNA sequence shown below: 

5’ - T T A A G G A A T T C A A - 3’ 
3’ - A A T T C C T T A A G T T - 5’ 

Adding EcoRI to a solution containing one copy of this double-stranded DNA produces 

 A two fragments of double-stranded DNA, each with a sticky end. 

 B four fragments of single-stranded DNA, each with a sticky end. 

 C two fragments of double-stranded DNA, each with blunt ends.  

 D four fragments of single-stranded DNA, each with blunt ends. 
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25 The diagram shows the process used to insert a foreign gene into a plasmid.  The 
recombinant plasmid is taken up by the bacterium Escherichia coli and allowed the 
bacterium to synthesise protein typically made in other organisms.   

 

 

 

              

 

 

 

 

 

 

 

 

 

Which of the following conditions is necessary for this technique to work?   

 A cDNA made from an RNA template of the gene of interest is used. 
 B The entire stretch of DNA that contains the gene of interest, including the introns and 

exons, is used. 
 C Selection for antibiotic resistance is done before mixing the plasmid with the bacterial 

cells.  
 D A selectable marker gene is inserted along with the gene of interest to measure the 

success of transformation. 
 
 
 

plasmid

restriction site 

sticky ends

plasmid

gene insert

restriction sites

DNA sample containing 
gene of interest 
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26    The diagram shows the results of a DNA analysis, carried out by electrophoresis. The DNA 
of three individuals was profiled. 

 

 

 

 

 

 

 

 

What is the most likely conclusion from these results?  

 A The child cannot be related to either the male or female. 

 B The female cannot be the child’s mother. 

 C The male cannot be the child’s father. 

 D The male and female could be the child’s parents. 

27 PCR is commonly used to amplify DNA.  

What is the expected effect on the PCR reaction as a result of adjustments that increase 
the temperature of the annealing phase and the length of the extension phase? 

  precision yield 

 A decrease decrease 

 
B decrease increase 

 C increase decrease 

 
D increase increase 
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28 The Human Genome Project facilitated genetic testing of individuals and renewed emphasis 
on ethical and social implications.  

Which correctly describes unintended consequences of genetic testing? 

1 discovery of wrongly attributed paternity  

2 unauthorised publication of genetic test results  

3 psychological stress after receiving genetic test results  

4 understanding an individual’s susceptibility to genetic disorders  

 A 1 and 2      B 3 and 4      C 1, 2 and 3     D 2, 3 and 4 
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--- END OF PAPER --- 

29 The diagram shows the process of stem cells differentiating into their various cell types. 

 
 

 
Which statements are true? 

1 Neurones possess less genes than cells isolated from the inner cell mass. 

2 All cells in the blastocyst are totipotent. 

3 Stem cells differentiate to muscle cells and liver cells due to different 
environmental cues. 

4 The potential of pancreatic cells and the intestinal cells to differentiate is equal. 

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

30 Which statement supports the view that genetically engineered animals could help to solve 
the demand for food in the world? 

 A Transgenic pigs and sheep are produced to express higher levels of growth hormone. 

 B Biomedical applications of genetically engineered animals have also become routine 
within the pharmaceutical industry, for drug discovery, drug development and risk 
assessment. 

 C Cloning of either extinct or endangered species such as thylacine and woolly mammoth 
helps to retain genetic diversity in small populations. 

 D By inserting genes from sea anemone and jellyfish, zebrafish have been genetically 
engineered to express fluorescent proteins. 

morula 

blastocyst 

inner cell 
mass 

liver cells 

pancreatic 
cells intestinal 

cells 

blood 
cells 

neurones 

muscle 
cells 
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