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Answer all questions on the OTAS provided.

1 EDTA is used extensively as an anticoagulant for stored blood in blood banks.
Thrombokinase plays a major role in the clotting of blood. EDTA decreases the reaction
rate of thrombokinase by binding to calcium ions.

Which of the following describes the role of calcium ions?

A Allosteric inhibitors

B Coenzymes

C Cofactors

D Competitive inhibitors

2 Acellin the G1 phase has two homologous pairs of chromosomes. It then undergoes
two mitotic divisions. At the end of the second mitotic division, what is the total number
of chromosomes and gene loci found in all the daughter cells formed?

A 8 chromosomes and 4 times as many gene loci as the original parent cell.
8 chromosomes and 8 times as many gene loci as the original parent cell.

B
C 16 chromosomes and 4 times as many gene loci as the original parent cell.
D 16 chromosomes and 8 times as many gene loci as the original parent cell.

3 The electron micrograph below shows a liver cell.
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Which statement(s) correctly describe(s) the labelled structures?
1 Structure A transports proteins from Structure B to Golgi Apparatus.

2 Proteins enter the lumen of Structure B, where they undergo chemical
modifications such as glycosylation.

3  Structure C is starch grain.

4  The process shown in structure D is autolysis.

A 2only B 1and2only C 2and 3only D 2,3 and4only

The graph represents the changes in the DNA content within a cell at different stages in
the cell cycle.

Y zZ
DNA content per cell/ r—L, /—/%
arbitrary unit
| Q i
p l i
Bx — V . F
4y — I
2% — : I

Time

Name the events occurring at P, Q and R, and identify the stage where meiosis is
occurring.

P Q R Meiosis occurring
at
A S phase Fertilisation Cytokinesis Y
B Fertilisation Interphase Cytokinesis z
C S phase Prophase Telophase Y
D Fertilisation Metaphase Telophase z




5 The graph shows changes in the amount of DNA in a cell during one cell cycle. The
letters U — Z marks out the different phases in the cell cycle.

Amount of
DNA /arbi trary
units

R ——

P ———

Timeg ———»

Many drugs that are used to treat cancer work at different time periods during the cell
cycle.

(i) Cisplatin binds to DNA and stops free DNA nucleotides from joining together.

(i) Drug B stops spindle fibres from shortening.

With reference to the cell cycle above, determine where these 2 drugs work.

Cisplatin Drug B
A W X
B W Y
C U X
D U 4

6  During the production of fruit juice, enzymes are used to break down the components of
cell walls. Which carbohydrate will be produced by this hydrolysis?

A Sucrose
B Maltose
C a-glucose
D B -glucose



7

The figure below shows a DNA molecule.
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Which statement(s) correctly describe the polynucleotide?

1 The structure labelled A corresponds to that of a purine, while the

structure labelled B corresponds to that of a pyrimidine.

2 The antiparallel nature of DNA double helix allows phosphodiester bonds

to form between the nitrogenous bases of opposite strands.

3 Distance between adjacent deoxyribonucleotides is 3.4 A and one turn

consists of 10 deoxyribonucleotides. (Note: 10 & =1 nm)

4 The wound DNA double helix consists of alternating major grooves and
minor grooves along its axis which are essential for the binding with

proteins.
A 1only
B 1and2only
C 3and4only
D 1,3and4only



8 The RNA triplet UAG acts as a stop codon terminating the synthesis of a polypeptide.
The diagram shows a template strand of DNA which codes for four amino acids.

Where would a mutation, introducing a thymine nucleotide, result in the termination of
translation?

3y TCCACACGATGC ¥

A B cC D

9 The non-template strand of a gene is analyzed and 20% of its bases are found to be
adenine and 30% of its bases are cytosine. The corresponding template DNA strand of
this gene has 10% cytosine.

What is the ratio of purine to pyrimidine found in pre-mRNA transcribed from this gene?

A 1:1
B 2:3
C 3:2
D 3:7

10 Which of the following statement(s) about cancer is / are true?

I Individuals who inherit one mutant tumour suppressor gene are more likely
to develop cancer than individuals with two non-mutant copies.

Il Cancer is a result of increased cell division which promotes the mutation of a
proto-oncogene.

[l Mutagenic activation of a single oncogene is sufficient to cause a normal
cell to develop into a cancerous cell.

A lonly

B landllonly
C landlll only
D I llandlll



11 Which of the following statements correctly compares oxidative phosphorylation and
non-cyclic photophosphorylation?

A
B

Both types of phosphorylation produce ATP and oxygen as end products.

Both types of phosphorylation produce ATP and the reduced form of a redox
reagent.

Oxidative phosphorylation is involved in the conversion of one form of chemical
energy to another while non-cyclic photophosphorylation is involved in converting
light energy to chemical energy.

Water is an electron donor in non-cyclic photophosphorylation while it is an
electron acceptor in oxidative phosphorylation.

12 What happens to most of the reduced NAD molecules in cell metabolism?

0O wm >

They act as oxidising agents in glycolysis.

They are oxidised in inner mitochondrial membrane for ATP formation.
They are oxidised in the Calvin cycle.
They combine with succinic acid as part of Krebs cycle.

13 Rotene and oligomycin are two metabolic poisons which affect cellular respiration. The

effects of rotene and oligomycin on aerobic respiration are summarised in the table.

Ability to use glucose | Ability to use oxygen ATP yield

Rotene Yes No Decreases

Oligomycin Yes Yes Decreases

Which of the following correctly identifies the specific functions of these two metabolic

poisons?
Rotene Oligomycin
A Electron transport inhibitor Inhibits ATP synthase
B Inhibits ATP synthase Electron transport inhibitor
C Dissipate proton gradient Inhibits ATP synthase
D Inhibits ATP synthase Dissipate proton gradient




14 In the graph below, the rate of CO, uptake by plant cells is shown to vary with
increasing light intensity.

Rate of CO.
uptake

Light
intensity
X

Which of the following is true at point X?

The plant is photosynthesizing.

Rate of respiration equals rate of photosynthesis.
COgz is a limiting factor.
There is not enough light for photosynthesis to have commenced.

0O wm >

15 Which sequence of events correctly describes evolution?

1 Differential reproduction of the spiders occurs.

2 A new selection pressure occurs.

3 Allele frequencies within the spider population change.
4 Poorly adapted spiders have decreased survivorship.

A 2,413 B 2431 C 4132 D 4,3,1,2



16 The diagram shows a section through a chloroplast. Where would the products of
photophosphorylation be used?

17 'C-labelled carbon dioxide was supplied to photosynthesising algae. The relative
amounts of three organic compounds were measured. The diagram shows the results.

light switched
{ off
LIGHT

relativa amount of
substances

time
Which of the following are correct explanations for the graph above?

| GP level falls as shown in graph 2 due to the absence of reduced NADP when
light is are switched off.

Il GP level rises as shown in graph 1 due to the absence of ATP when light is
switched off.

Il Levels of RuBP and GP are constant during periods of light as they serve as
intermediates in the Calvin cycle.

IV RuBP level falls as carboxylation of RuBP is independent of light as shown in
graph 3.

V  Sucrose level falls as shown in graph 3 due to the absence of ATP and reduced
NADP.

[, I'and V only

[, Il'and Il only
I, lll and IV only
I, IV and V only

OO w >»



18 The following statements are some findings of scientists in an attempt to investigate the
evolutionary relationship between the anteater, armadillo and pangolin.

Anteater, armadillo and pangolin feed primarily on insects such as ants.
Anteater, armadillo and pangolin have long tongue and strong digging limbs.

The tongues of the anteater and armadillo are connected to the hyoid bone
while the tongue of pangolin is not.

There is a higher percentage similarity between the DNA sequences of
Anteater and armadillo than with the pangolin.

There is very low percentage similarity between the DNA sequences of
anteater and pangolin as well as between the armadillo and pangolin.

Which of the following conclusions can be drawn from the statements given above?

A

B

The anteater and pangolin have experienced divergent evolution as shown by
homologous structures between their hyoid bones and tongues.

The anteater and pangolin have experienced convergent evolution as shown by
homologous structures in their hyoid bones and tongues.

The armadillo and pangolin have experienced divergent evolution as shown by the
low similarity between their DNA sequences.

The anteater and armadillo have experienced divergent evolution as shown by
similarities in their DNA sequences and homologous anatomical structures.

19 The pedigree chart below shows the inheritance of a recessive condition known as
human albinism. Only homozygous recessive individuals are albinos.

O] L gmil

1 2 3 4
00 &g mo
Se oo
key

O normal female @@ affected female
[[] normaimale ] affected male

What is the probability of individual 9 being a heterozygous carrier?

A 0.00 B 025 C 050 D 1.00

10



20 The feature of silky feathers in show fowl is caused by a recessive allele. A pure

breed

ing bird with normal feathers was crossed with a bird with silky feathers and all the

offspring were normal. The offspring were then allowed to interbreed.

Which of the following statements would be true about the F2 generation?

1 The expected ratio of normal to silky would be 3:1.
2 Half of the F, birds would be heterozygous.
3 A quarter of the F> birds would be homozygous.

4 Some of the normal birds would be pure breeding.

1,2and 3
2,3and 4
1,2and 4

1 and 2 only

21 During the process of polymerase chain reaction (PCR), the amount of DNA
synthesised can be traced using fluorescent probes and the measurements are shown

in the

following plot. The process initially goes through an exponential phase followed by

a plateau phase eventually.

Amount |

of DNA/ 1

arbitrary 1
units

Plateau phase —)

Exponential phase

pV

Number of cycles

Which of the following statements is true?

A

B

During the exponential phase, the number of DNA molecules synthesized after 15
cycles is 152,

During the exponential phase, the temperature is always maintained at the
optimum temperature of 72°C hence there is rapid amplification.

During the plateau phase, the reaction mixture is being depleted of
ribonucleotides.

During the plateau phase, Taq polymerase may be denatured.

11



22 The dashed lines in the template sequence represent a long sequence of bases to be

23

amplified.

Template
5 ATTCGGACTTG -------------------- GTCCAGCTAGAGG 3
3 TAAGCCTGAAC - - - - - - - - oo m e oo e - - - CAGGTCGATCTCC %

Which of the following sets of primers can be used in the PCR for the amplification of
the following DNA sequence?

A 5 GTCCAGC3 & 5 CCTGAACZ

B 5 ATTCGGA3 & 5 CCTCTAG 3
C 5 GGACTTG3 & 5 GCTGGAC 3’
D 5 AUUCGGA3 & 5 GAUCUCC 3

A family with a history of a genetic disease is studied using restriction digestion of the
DNA samples containing the gene responsible for the disease. The pedigree chart of the
family is aligned with the autoradiogram obtained from Southern blotting. (Shaded
symbols in the pedigree chart indicate individuals affected by disease.)

Pedigree
chart

Autoradiogram

Based on the information given, which of the following can be deduced?
A The disease allele is dominant to the normal allele.

B The mutation creates a new restriction site in the affected gene.
C One of the parents in generation | is a carrier.

D The offspring in generation Il is a carrier.

12



24 Digestion of a 4 kb DNA molecule with EcoRlI yields two fragments of 1 kb and 3 kb
each. Digestion of the same molecule with Hindlll yields fragments of 1.5 kb and 2.5 kb.
Finally, digestion with EcoRI and HindlIl in combination yields fragments of 0.5 kb, 1 kb
and 2.5 kb. How would a restriction map indicating the positions of the EcoRI and HindllI
cleavage sites look like?

EcoRl
A O.Skb[
2.5kb | 1.0kb
Hindlll
EcoRl
0.5kb
B
1.5kb | 3.0kb
Hindll]
1.0kb 0.5kb
C 2.5kb [
EcoRl Hindil!
HindIl!
b |
0.5kb 3.5kb 0.5kb
EcoRl

25 Which of the following statements about the human genome project (HGP) is false?

A HGP aims to identify all the genes in human and to determine the DNA sequences
of these genes.

B HGP aims to allow genetic testing to take place for earlier detection of genetic
diseases

HGP allows defective genes to be replaced through gene therapy

@]

D HGP allows comparative studies to be made between humans and other
organisms to identify similar genes associated with diseases.

26 Recent advances in the field of stem cell research have shown that induced pluripotent
stem cells (iPS cells) can be artificially derived from adult somatic cells. iPS cells are
mostly similar to natural pluripotent cells. This implies that iPS cells can

A  theoretically differentiate into all cell types.
B theoretically differentiate into any of the three germ layers.
C theoretically differentiate into gametes.

D theoretically capable of transdifferentiation.

13



27 Which of the following regarding embryonic stem cells and hematopoietic stem cells is
true?

A As embryonic stem cells develop, they turned into hematopoietic stem cells as
they lose their ability to differentiate into all types of cells.

B  Embryonic stem cells have more genes than hematopoietic stem cells and thus
are able to form more types of cells.

C Under normal conditions, embryonic stem cells express more of their genes
compared to the hematopoietic stem cells.

D Both stem cells are derived from the zygotic stem cells with the hematopoietic
stem cells having a lower differentiation potential compared to the embryonic
stem cells.

28 The pBR322 vector is used to clone a eukaryotic gene, which has been digested by the
restriction endonuclease BamHil.

Pstl 3611
Pvu | 3736
Scal 3846

R322
.'?Mnl
(4361bp)

EcoR | 4359
Hind 11 29

Pvur 1l 2066
EcoRV 187

Following transformation, bacterial cells were grown in four different media, as shown

below:
1 Nutrient broth containing ampicillin
2 Nutrient broth containing tetracycline
3 Nutrient broth containing ampicillin and tetracycline
4 Nutrient broth without ampicillin and tetracycline

Which of the following media would bacterial cells containing the recombinant plasmids

grow in?
A 4only
B 1land?2
C 2and3
D 1l1land4

14



29 The diagram shows how genetically identical frogs can be developed from unfertilised
frog eggs. The diploid number for frogs is 26.

unfertilised
frog egg @ y
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tadpole develops
into frog

Which combination of numbers correctly identifies the number of chromosomes in each

type of cell?
\% w X
A 13 13 26
B 13 26 13
C 13 26 26
D 26 26 13

15



30 An attempt was made to produce Golden rice. To determine whether or not DNA from
the daffodils and the bacterium had been successfully incorporated in the DNA of the
rice, scientists used PCR and gel electrophoresis to produce DNA profiles.

The following DNA profiles belong to the original strain of rice, three strains | to Il of

genetically modified Golden rice, and the species of daffodil and bacterium used to
incorporate beta-carotene genes in the rice.

Original strain

Strain |l
Strain lll

Strain |
Daffodil
Bacterium

Which one of the strain(s) of Golden rice has successfully incorporated DNA from both
the daffodil and the bacterium?

A Strain | only

B  Strain Il only
C Strain | and Il only
D

Strain Il and Il only

End of Paper

16
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Answer all questions on the OTAS provided.

1 EDTA is used extensively as an anticoagulant for stored blood in blood banks.
Thrombokinase plays a major role in the clotting of blood. EDTA decreases the reaction
rate of thrombokinase by binding to calcium ions.

Which of the following describes the role of calcium ions?

A Allosteric inhibitors

B Coenzymes

C Cofactors

D Competitive inhibitors

2 Acellin the G1 phase has two homologous pairs of chromosomes. It then undergoes
two mitotic divisions. At the end of the second mitotic division, what is the total number
of chromosomes and gene loci found in all the daughter cells formed?

A 8 chromosomes and 4 times as many gene loci as the original parent cell.
8 chromosomes and 8 times as many gene loci as the original parent cell.

B
C 16 chromosomes and 4 times as many gene loci as the original parent cell.
D 16 chromosomes and 8 times as many gene loci as the original parent cell.

3 The electron micrograph below shows a liver cell.
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Which statement(s) correctly describe(s) the labelled structures?
1 Structure A transports proteins from Structure B to Golgi Apparatus.

2 Proteins enter the lumen of Structure B, where they undergo chemical
modifications such as glycosylation.

3  Structure C is starch grain.

4  The process shown in structure D is autolysis.

A 2only B 1and2only C 2and 3only D 2,3 and4 only

The graph represents the changes in the DNA content within a cell at different stages in
the cell cycle.

Y zZ
DNA content per cell/ r—L, /—/%
arbitrary unit
| Q i
p l i
Bx — V . F
4y — I
2% — : I

Time

Name the events occurring at P, Q and R, and identify the stage where meiosis is
occurring.

P Q R Meiosis occurring
at
A S phase Fertilisation Cytokinesis Y
B Fertilisation Interphase Cytokinesis z
C S phase Prophase Telophase Y
D Fertilisation Metaphase Telophase z




5 The graph shows changes in the amount of DNA in a cell during one cell cycle. The
letters U — Z marks out the different phases in the cell cycle.

Amount of
DNA /arbi trary
units

R ——

P ———

Timeg ———»

Many drugs that are used to treat cancer work at different time periods during the cell
cycle.

(i) Cisplatin binds to DNA and stops free DNA nucleotides from joining together.

(i) Drug B stops spindle fibres from shortening.

With reference to the cell cycle above, determine where these 2 drugs work.

Cisplatin Drug B
A W X
B W Y
C U X
D U z

6 During the production of fruit juice, enzymes are used to break down the components of
cell walls. Which carbohydrate will be produced by this hydrolysis?

A Sucrose
B Maltose
C a-glucose
D B -glucose



7

The figure below shows a DNA molecule.
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Which statement(s) correctly describe the polynucleotide?

1 The structure labelled A corresponds to that of a purine, while the

structure labelled B corresponds to that of a pyrimidine.

2 The antiparallel nature of DNA double helix allows phosphodiester bonds

to form between the nitrogenous bases of opposite strands.

3 Distance between adjacent deoxyribonucleotides is 3.4 A and one turn

consists of 10 deoxyribonucleotides. (Note: 10 & =1 nm)

4 The wound DNA double helix consists of alternating major grooves and
minor grooves along its axis which are essential for the binding with

proteins.
A 1only
B 1and2only
C 3and4only
D 1,3 and4only



8 The RNA triplet UAG acts as a stop codon terminating the synthesis of a polypeptide.
The diagram shows a template strand of DNA which codes for four amino acids.

Where would a mutation, introducing a thymine nucleotide, result in the termination of
translation?

3y TCCACACGATGC ¥

A B cC D

9 The non-template strand of a gene is analyzed and 20% of its bases are found to be
adenine and 30% of its bases are cytosine. The corresponding template DNA strand of
this gene has 10% cytosine.

What is the ratio of purine to pyrimidine found in pre-mRNA transcribed from this gene?

A 1:1
B 2:3
C 3:2
D 3:7

10 Which of the following statement(s) about cancer is / are true?

I Individuals who inherit one mutant tumour suppressor gene are more likely
to develop cancer than individuals with two non-mutant copies.

Il Cancer is a result of increased cell division which promotes the mutation of a
proto-oncogene.

Il Mutagenic activation of a single oncogene is sufficient to cause a normal cell
to develop into a cancerous cell.

A lonly

B landllonly
C landlllonly
D I llandlll



11 Which of the following statements correctly compares oxidative phosphorylation and
non-cyclic photophosphorylation?

A
B

Both types of phosphorylation produce ATP and oxygen as end products.

Both types of phosphorylation produce ATP and the reduced form of a redox
reagent.

Oxidative phosphorylation is involved in the conversion of one form of chemical
energy to another while non-cyclic photophosphorylation is involved in converting
light energy to chemical energy.

Water is an electron donor in non-cyclic photophosphorylation while it is an
electron acceptor in oxidative phosphorylation.

12 What happens to most of the reduced NAD molecules in cell metabolism?

0O wm >

They act as oxidising agents in glycolysis.

They are oxidised in inner mitochondrial membrane for ATP formation.
They are oxidised in the Calvin cycle.
They combine with succinic acid as part of Krebs cycle.

13 Rotene and oligomycin are two metabolic poisons which affect cellular respiration. The

effects of rotene and oligomycin on aerobic respiration are summarised in the table.

Ability to use glucose | Ability to use oxygen ATP yield

Rotene Yes No Decreases

Oligomycin Yes Yes Decreases

Which of the following correctly identifies the specific functions of these two metabolic

poisons?
Rotene Oligomycin
A Electron transport inhibitor Inhibits ATP synthase
B Inhibits ATP synthase Electron transport inhibitor
C Dissipate proton gradient Inhibits ATP synthase
D Inhibits ATP synthase Dissipate proton gradient




14 In the graph below, the rate of CO, uptake by plant cells is shown to vary with
increasing light intensity.

Rate of CO.
uptake

Light
intensity
X

Which of the following is true at point X?

The plant is photosynthesizing.

Rate of respiration equals rate of photosynthesis.
COgz is a limiting factor.
There is not enough light for photosynthesis to have commenced.

0w >

15 Which sequence of events correctly describes evolution?

1 Differential reproduction of the spiders occurs.

2 A new selection pressure occurs.

3 Allele frequencies within the spider population change.
4 Poorly adapted spiders have decreased survivorship.

A 2,413 B 2431 C 4132 D 4,312



16 The diagram shows a section through a chloroplast. Where would the products of
photophosphorylation be used? A

17 'C-labelled carbon dioxide was supplied to photosynthesising algae. The relative
amounts of three organic compounds were measured. The diagram shows the results.

light switched
{ off
LIGHT

relativa amount of
substances

time
Which of the following are correct explanations for the graph above?

| GP level falls as shown in graph 2 due to the absence of reduced NADP when
light is are switched off.

Il GP level rises as shown in graph 1 due to the absence of ATP when light is
switched off.

Il Levels of RuBP and GP are constant during periods of light as they serve as
intermediates in the Calvin cycle.

IV RuBP level falls as carboxylation of RuBP is independent of light as shown in
graph 3.

V  Sucrose level falls as shown in graph 3 due to the absence of ATP and reduced
NADP.

[, I'and V only

[, Il'and Il only
I, Il and IV only
I, IV and V only

o0 m >



18 The following statements are some findings of scientists in an attempt to investigate the
evolutionary relationship between the anteater, armadillo and pangolin.

Anteater, armadillo and pangolin feed primarily on insects such as ants.
Anteater, armadillo and pangolin have long tongue and strong digging limbs.

The tongues of the anteater and armadillo are connected to the hyoid bone
while the tongue of pangolin is not.

There is a higher percentage similarity between the DNA sequences of
Anteater and armadillo than with the pangolin.

There is very low percentage similarity between the DNA sequences of
anteater and pangolin as well as between the armadillo and pangolin.

Which of the following conclusions can be drawn from the statements given above?

A

B

The anteater and pangolin have experienced divergent evolution as shown by
homologous structures between their hyoid bones and tongues.

The anteater and pangolin have experienced convergent evolution as shown by
homologous structures in their hyoid bones and tongues.

The armadillo and pangolin have experienced divergent evolution as shown by the
low similarity between their DNA sequences.

The anteater and armadillo have experienced divergent evolution as shown by
similarities in their DNA sequences and homologous anatomical structures.

19 The pedigree chart below shows the inheritance of a recessive condition known as
human albinism. Only homozygous recessive individuals are albinos.

O] L gmil

1 2 3 4
00 &g mo
Se oo
key

O normal female @@ affected female
[[] normai male [ affected male

What is the probability of individual 9 being a heterozygous carrier?

A 0.00 B 025 C 050 D 1.00

10



20 The feature of silky feathers in show fowl is caused by a recessive allele. A pure

breed

ing bird with normal feathers was crossed with a bird with silky feathers and all the

offspring were normal. The offspring were then allowed to interbreed.

Which of the following statements would be true about the F2 generation?

1 The expected ratio of normal to silky would be 3:1.
2 Half of the F, birds would be heterozygous.
3 A quarter of the F> birds would be homozygous.

4 Some of the normal birds would be pure breeding.

1,2and 3
2,3and 4
1,2and 4

1 and 2 only

21 During the process of polymerase chain reaction (PCR), the amount of DNA
synthesised can be traced using fluorescent probes and the measurements are shown

in the

following plot. The process initially goes through an exponential phase followed by

a plateau phase eventually.

Amount |

of DNA/ 1

arbitrary 1
units

Plateau phase —)

Exponential phase

pV

Number of cycles

Which of the following statements is true?

A

B

During the exponential phase, the number of DNA molecules synthesized after 15
cycles is 152

During the exponential phase, the temperature is always maintained at the
optimum temperature of 72°C hence there is rapid amplification.

During the plateau phase, the reaction mixture is being depleted of
ribonucleotides.

During the plateau phase, Taq polymerase may be denatured.
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22 The dashed lines in the template sequence represent a long sequence of bases to be

23

amplified.

Template
5 ATTCGGACTTG -------------------- GTCCAGCTAGAGG 3
3 TAAGCCTGAAC - - - - - - - - oo m e oo e - - - CAGGTCGATCTCC %

Which of the following sets of primers can be used in the PCR for the amplification of
the following DNA sequence?

A 5 GTCCAGC3 & 5 CCTGAACZ

B 5 ATTCGGA3 & 5 CCTCTAG 3
C 5 GGACTTG3 & 5 GCTGGAC3Z
D 5 AUUCGGA3 & 5 GAUCUCC 3

A family with a history of a genetic disease is studied using restriction digestion of the
DNA samples containing the gene responsible for the disease. The pedigree chart of the
family is aligned with the autoradiogram obtained from Southern blotting. (Shaded
symbols in the pedigree chart indicate individuals affected by disease.)

Pedigree
chart

Autoradiogram

Based on the information given, which of the following can be deduced?
A The disease allele is dominant to the normal allele.

B The mutation creates a new restriction site in the affected gene.
C One of the parents in generation | is a carrier.

D The offspring in generation Il is a carrier.

12



24 Digestion of a 4 kb DNA molecule with EcoRlI yields two fragments of 1 kb and 3 kb
each. Digestion of the same molecule with Hindlll yields fragments of 1.5 kb and 2.5 kb.
Finally, digestion with EcoRI and HindlIl in combination yields fragments of 0.5 kb, 1 kb
and 2.5 kb. How would a restriction map indicating the positions of the EcoRI and HindllI
cleavage sites look like? A

EcoRl
. osu]
2.5kb [ 1.0kb
Hindlil
EcaRl
0.5kb
B
1.5kb J.0kb
Himedll]
1.0kb 0.5kb
C 2.5kb [
EcoRl Hindlll
HindIl!
b l
0.5kb 3.5kb 0.5kb
EcoRl

25 Which of the following statements about the human genome project (HGP) is false?

A HGP aims to identify all the genes in human and to determine the DNA sequences
of these genes.

B HGP aims to allow genetic testing to take place for earlier detection of genetic
diseases

HGP allows defective genes to be replaced through gene therapy

@]

D HGP allows comparative studies to be made between humans and other
organisms to identify similar genes associated with diseases.

26 Recent advances in the field of stem cell research have shown that induced pluripotent
stem cells (iPS cells) can be artificially derived from adult somatic cells. iPS cells are
mostly similar to natural pluripotent cells. This implies that iPS cells can

A theoretically differentiate into all cell types.
B theoretically differentiate into any of the three germ layers.
C theoretically differentiate into gametes.

D theoretically capable of transdifferentiation.

13



27 Which of the following regarding embryonic stem cells and hematopoietic stem cells is
true?

A As embryonic stem cells develop, they turned into hematopoietic stem cells as
they lose their ability to differentiate into all types of cells.

B Embryonic stem cells have more genes than hematopoietic stem cells and thus
are able to form more types of cells.

C Under normal conditions, embryonic stem cells express more of their genes
compared to the hematopoietic stem cells.

D Both stem cells are derived from the zygotic stem cells with the hematopoietic
stem cells having a lower differentiation potential compared to the embryonic
stem cells.

28 The pBR322 vector is used to clone a eukaryotic gene, which has been digested by the
restriction endonuclease BamHl.

Pstl 3611
Pvu | 3736
Scal 3846

R322
.'?Mnl
(4361bp)

EcoR | 4359
Hind 11 29

Pvu || 2066
EcoR V 187
BamH 1 375
Sph | 566
Bs1Z 1 939

Following transformation, bacterial cells were grown in four different media, as shown
below:

1 Nutrient broth containing ampicillin

2 Nutrient broth containing tetracycline

3 Nutrient broth containing ampicillin and tetracycline

4 Nutrient broth without ampicillin and tetracycline

Which of the following media would bacterial cells containing the recombinant plasmids

grow in?
A 4only
B 1land?2
C 2and3
D 1l1land4

14



29 The diagram shows how genetically identical frogs can be developed from unfertilised
frog eggs. The diploid number for frogs is 26.

unfertilised
frog egg @ y

l cedl taken
\{1{\: l from frog
nucleus destroyed by O ®©w
ultra violel radiation \
nucleus taken
X from cell and
injected info egg

)
egg develops
into tadpole

tadpole develops
into frog

Which combination of numbers correctly identifies the number of chromosomes in each

type of cell?
\% w X
A 13 13 26
B 13 26 13
C 13 26 26
D 26 26 13

15



30 An attempt was made to produce Golden rice. To determine whether or not DNA from
the daffodils and the bacterium had been successfully incorporated in the DNA of the
rice, scientists used PCR and gel electrophoresis to produce DNA profiles.

The following DNA profiles belong to the original strain of rice, three strains | to Il of

genetically modified Golden rice, and the species of daffodil and bacterium used to
incorporate beta-carotene genes in the rice.

Original strain

Strain |l
Strain lll

Strain |
Daffodil
Bacterium

Which one of the strain(s) of Golden rice has successfully incorporated DNA from both
the daffodil and the bacterium?

A Strain | only
B Strain Il only

C Strain I and Il only

D Strain Il and Il only

End of Paper
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Section A [40 marks]

Answer all questions in the spaces provided.

Question 1

There have been many breakthroughs in stem cell research in recent years. It has been
discovered that stem cells are involved in the replacement of worn-out cells and repair of
damaged tissues. Further research is being conducted to better understand the mechanism
involved in controlling the behaviour of stem cells in order to better manipulate them to treat
various diseases and disorders.

(a) State the type of stem cells involved in the replacement of worn-out cells and repair of
damaged tissues, and describe the unique properties of this type of stem cells. [2]

Stem cells undergo cell division to produce genetically identical daughter cells. Fig. 1.1
shows two cells, each at a different stage of cell division.

Cell A

(b)(i) With reference to Fig. 1.1, state the stages of cell division in Cell A and Cell B. [1]



(ii) The dysregulation of cell cycle can result in cancer. Outline the checkpoints that are
present in normal cells to prevent this from occurring. [2]

Fig. 1.2 shows information about the movement of chromatids in a cell that has just started
metaphase of mitosis.
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Fig. 1.2

(c)(i) With reference to Fig. 1.2, state the duration of metaphase in the cell. [1]

(i) Complete line Y on the graph. [1]



(iii)  Account for your answer in (c)(ii). [3]

[Total: 10]

Question 2

A mutation was found in the gene coding for NADP oxidase in a family of flowering plant.
NADP oxidase is an enzyme that converts NADPH to NADP*.

(@) Explain the role of NADPH in photosynthesis. [2]



Rubisco is an enzyme required in the light-independent stage of photosynthesis. Fig. 2.1
shows the effect of increasing temperature on the activity of two variations of Rubisco,
Rubisco C and Rubisco S.

Rate of reaction / a.u.

7

Rubisco S

6 Rubisco C

3

5 0
0 10 20 30 40 50 60 7o emperlue/C

Fig. 2.1
(c) With reference to Fig. 2.1, compare the effect of temperature on the two enzymes. [3]

[Total: 11]



Question 3

Fig. 3.1 shows the schematic representation of a series of protein complexes found on the
inner membrane of organelle X present in brown adipocytes.

space A
H._:I H.:.. H._:.
T ATP
synthase
|
- | |
He®
space B
H¥ flow of protons
flow of electrons
Fig. 3.1
(a)(i) State the identity of organelle X. [1]
(if) Outline how ATP is usually synthesised in the inner membrane of organelle X. [4]



(b) Brown adipocytes contain a unigue protein, UCP1, which is not found in organelle X in
any other cell type.

Evaluate the impact of UCP1 on ATP synthesis and suggest the physiological
significance of brown adipose tissue. [3]

(c) In other cell types, NADH and FADH; are used to drive ATP synthesis by ATP synthase.
Using relevant information from Fig. 3.1, suggest and explain why more ATP is
produced from NADH. [2]

[Total: 10]



Question 4

The table below shows the amino acid differences in the cytochrome b protein between
various vertebrates.

Human Elephant Platypus Ostrich Starling Crocodile Lungfish Coelacanth Goldfish Shark

Human 26 40 43 41 47 83 70 68 71
E::Ehanl 45 45 48 50 84 72 63 74

pus 54
P gg 51 89 74 70 76
Starling
Crocodile
Lungfish
Coelacanth
Goldfish
Shark

(@) Explain how differences in amino acid sequences in the cytochrome b chain allow the
establishment of the phylogenetic tree. [2]

(b) Suggest why homology still features prominently in evolutionary studies despite the
advantages that molecular evidence can confer. [1]



Giant anteaters, armadillos and Australian numbats (Myrmecobius fasciatus) have

similar traits. This led some to believe that they were closely related.

Table 4.1 shows the comparison of four characteristics between the three mammals.

many

Mammal

Characteristics

Diet

Body

Snout

Tongue

Armadillo

Feed on insects

Covered by bony
keratinised plates

Pointy snout

Long tongues

Giant
Anteater

Feed on ants
and termites

Covered by hair

Elongated
narrow snout

Long tongues

Numbats

Feed on termites

Covered by hair

Narrow snout

Long tongues

(c) Explain why variation is important in selection.

(d) Explain how the evolution of long tongues in numbats supports Darwin’'s theory of
natural selection.

[4]

[Total: 9]



Section B [20 marks]

Answer one guestion in this section.
Write your answers on the separate writing paper provided.

Your answers may be illustrated by large, clearly labeled diagrams, ONLY where
appropriate.

Your answers must be in continuous prose.
Question 5

(a) Using the induced-fit hypothesis, explain the mode of action of enzymes. [6]

(b) With reference to haemoglobin, explain the significance of bonds in maintaining the

protein’s structure and function. [8]
(c) Discuss the social implications of genetically modifying plants. [6]
OR
Question 6
(&) Compare competitive and non-competitive inhibition of enzyme action. [6]
(b) Describe the process of mitosis and its importance in living cells. [8]
(c) Discuss the ethical implications of genetically modifying plants. [6]

END OF PAPER
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Section A [40 marks]

Answer all questions in the spaces provided.

Question 1

There have been many breakthroughs in stem cell research in recent years. It has been
discovered that stem cells are involved in the replacement of worn-out cells and repair of
damaged tissues. Further research is being conducted to better understand the mechanism
involved in controlling the behaviour of stem cells in order to better manipulate them to treat
various diseases and disorders.

(a) State the type of stem cells involved in the replacement of worn-out cells and repair of
damaged tissues, and describe the unique properties of this type of stem cells. [2]

e Adult stem cells [1]

Any 2 properties [1]:

Undifferentiated cells found in differentiated tissues
e Multipotent > Able to differentiate into a limited range of cell types
e Able to undergo mitotic cell division for self-renewal

Stem cells undergo cell division to produce genetically identical daughter cells. Fig. 1.1
shows two cells, each at a different stage of cell division.

Cell A

(b)(i) With reference to Fig. 1.1, state the stages of cell division in Cell A and Cell B. [1]

Cell A: Prophase

Cell B: Anaphase



(ii) The dysregulation of cell cycle can result in cancer. Outline the checkpoints that are
present in normal cells to prevent this from occurring. [2]

Any 2

e G1 checkpoint: assesses if the environmental conditions (presence of growth
factors and nutrients, absence of DNA damage, adequate cell size) are
favourable for cell division to proceed

e G2 checkpoint: assesses if DNA replication is completed and cell size is

adequate.

e M checkpoint: assesses if all chromosomes are attached to the mitotic spindle

at their kinetochores and arrests the mitotic cell at metaphase if centromeres
are not properly attached to kinetochore microtubules, hence preventing entry

into anaphase.

Fig. 1.2 shows information about the movement of chromatids in a cell that has just started
metaphase of mitosis.

Key
- == == = distance between chromatids
= distance between each chromatid and the pole to which it is moving
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Fig. 1.2

(c)(i) With reference to Fig. 1.2, state the duration of metaphase in the cell. [1]

e 18 min



(i) Complete line Y on the graph. [1]
(iif)  Account for your answer in (c)(ii). [3]

e Chromosomes align singly at the metaphase plate during metaphase of mitosis
OR sister chromatids are attached to microtubules from opposite poles at
metaphase

e Sister chromatids start to separate to become daughter chromosomes and
migrate towards the opposite poles in anaphase, as shown at 18" min of line X
when distance between chromatids starts to increase. Hence distance between
chromatid and pole will start to decrease at 18" min.

e Distance between chromatids reach a plateau/maximum at 28" min,
chromosomes arrived at opposite poles. Hence, distance between chromatid
and pole will be minimum at 28" min.

[Total: 10]

Question 2

A mutation was found in the gene coding for NADP oxidase in a family of flowering plant.
NADP oxidase is an enzyme that converts NADPH to NADP*.

(a) Explain the role of NADPH in photosynthesis. [2]

e Provides reducing power/H+ to reduce
e Phosphoglyceric acid (PGA)/glycerate-3-phosphate (GP) to glyceraldehyde-3-
phosphate (GALP)/phosphoglyceraldehyde (PGAL)/triose phosphate (TP)

(b) Using your knowledge of photosynthesis, predict the effect of this mutation on plants. [3]

e Mutation will result in low or no NADP oxidase activity

e Less conversion of NADPH to NADP* for light reaction of photosynthesis (OR
less reduction of PGA to GALP in Calvin cycle)

o Less ATP is synthesized (or less glucose produced)



Rubisco is an enzyme required in the light-independent stage of photosynthesis. Fig. 2.1
shows the effect of increasing temperature on the activity of two variations of Rubisco,
Rubisco C and Rubisco S.

Rate of reaction / a.u.

7

Rubisco S

6 Rubisco C

3

5 0
0 10 20 30 40 50 60 7o emperlue/C

Fig. 2.1

(c) With reference to Fig. 2.1, compare the effect of temperature on the two enzymes. [3]

Both Rubisco C and Rubisco S has an increased rate of reaction as
temperature increases up to optimum temperature OR both Rubisco C and
Rubisco S are denatured at temperatures higher than optimum.

Rubisco C has a lower optimum temperature of 20°C as compared to Rubisco S
at 50 °C where rate of reaction is at a maximum

Rubisco C reaches a lower maximum rate of reaction of 5.5 a.u. at a faster rate
as compared to Rubisco S which reaches a maximum rate of reaction of 6 a.u at
a slower rate.

(d) Explain how different alleles give rise to different Rubisco structure. [3]

Different alleles have different DNA nucleotide sequence that results in a
different mRNA/codon sequence after transcription

Thus will result in different amino_acid sequence / primary structure after
translation

Different R_group interactions between amino acids affects folding of the
polypeptide chain, giving rise to different 3D_conformation in the tertiary
structure

[Total: 11]



Question 3

Fig. 3.1 shows the schematic representation of a series of protein complexes found on the
inner membrane of organelle X present in brown adipocytes.

space A

H® HE o

M @l 4

W e

-
-

ATP
synthase

He®
space B
H¥ flow of protons
flow of electrons
Fig. 3.1
(a)(i) State the identity of organelle X. [1]
Mitochondrion
(ii) Outline how ATP is usually synthesised in the inner membrane of organelle X. [4]

e NADH and FADH; carry hydrogen in the form of protons and electrons where
proton remain in the matrix and electrons are passed along the progressively
lower energy electron carriers in the electron transport chain.

e Energy released is used to pump H+ from the matrix to the intermembrane
space via active transport which sets up a concentration gradient (high H+
conc in intermembrane space, low conc in the matrix)

e H+ diffuse down the concentration gradient from the intermembrane space to
matrix via the stalked particle

e Provides a proton motive force that drives the synthesis of ATP by ATP
synthase by phosphorylation of ADP and inorganic phosphate
(chemiosmaosis).



(b) Brown adipocytes contain a unigue protein, UCP1, which is not found in organelle X in
any other cell type.

Evaluate the impact of UCP1 on ATP synthesis and suggest the physiological
significance of brown adipose tissue. [3]

e As UCP1 allows protons to leak back into the matrix without passing through
the ATP synthase,

e Loss of H+ concentration gradient, no ATP will be synthesized

e The energy released from the spontaneous flow of protons through UCPL1 is
lost as heat, which helps to keep the organisms warm.

(c) In other cell types, NADH and FADH; are used to drive ATP synthesis by ATP synthase.
Using relevant information from Fig. 6.2, suggest and explain why more ATP is
produced from NADH. [2]

e NADH donates electrons to complex | while FADH, donates to complex Il. The
energy released from transfer of electrons through the complexes is used to
pump protons across the inner membrane.

e NADH allows for more chances to pumps more protons across the gradient,

which powers the ATP synthase and gives us 3 ATP per molecule of NADH,
while FADH; produces 2 ATP during the ETC because it gives up its electron to
complex I, bypassing complex I.

[Total: 10]



Question 4

The table below shows the amino acid differences in the cytochrome b protein between
various vertebrates.

Human Elephant Platypus Ostrich Starling Crocodile Lungfish Coelacanth Goldfish Shark

Human 26 40 43 41 47 83 70 68 71
g:zghanl 45 45 48 50 84 72 63 74

pus 54
P gg 51 89 74 70 76
Starling
Crocodile
Lungfish
Coelacanth
Goldfish
Shark

(@) Explain how differences in amino acid sequences in the cytochrome b chain allow the
establishment of the phylogenetic tree. [2]

e Percentage of amino acid difference indicates relatedness where few difference
indicates recent common ancestor

e Provides quantitative data to construct phylogenetic tree

(b) Suggest why homology still features prominently in evolutionary studies despite the
advantages that molecular evidence can confer. [1]

Any 1
e Less expensive as it does not rely on machines
e DNA/protein samples might be limited or unavailable



Giant anteaters, armadillos and Australian numbats (Myrmecobius fasciatus) have many
similar traits. This led some to believe that they were closely related.

Table 4.1 shows the comparison of four characteristics between the three mammals.

Characteristics
Mammal

Diet Body Snout Tongue

Covered by bony

Armadillo | Feed on insects ..
keratinised plates

Pointy snout Long tongues

Giant Feed on ants Covered by hair Elongated
Anteater and termites y narrow snout Long tongues

Numbats | Feed on termites Covered by hair Narrow snout Long tongues

(c) Explain why variation is important in selection. [2]

Genetic variation results in variation in phenotype between individuals in a
population

Giving rise to different reproductive success between individuals OR

Under a particular selective pressure, individuals with the advantageous variation
are selected for.

(d) Explain how the evolution of long tongues in numbats supports Darwin’'s theory of

natural selection. [4]

Genetic variation give rise to different tongue lengths in (ancestral) numbats
Under a selection pressure of limited food/ big termite nests/ deep termite
nests/AVP

Numbats with longer tongues have a selective advantage/ will be selected for
because they can probe deeper into termite nests / AVP

Numbats with longer tongues will survive, reproduce and pass down alleles
encoding for longer tongues to the next generation

Over time, the frequency of alleles coding for long tongues will increase.

[Total: 9]



Section B [20 marks]

Answer one guestion in this section.
Write your answers on the separate writing paper provided.

Your answers may be illustrated by large, clearly labeled diagrams, ONLY where
appropriate.

Your answers must be in continuous prose.

Question 5

(a) Using the induced-fit hypothesis, explain the mode of action of enzymes. [6]

1. Enzyme specific in its action due to complementary 3D configuration/conformation
of active site to that of substrate;

2. The induced fit model suggests that the enzyme and the substrate do not fit
together exactly;

3. Effective collisions between enzymes and (specific) substrate molecules result in
substrate binding to active site of enzyme;

4. The enzyme undergoes a 3D conformation change, which improves the fit between
substrate and enzyme;

5. to form enzyme-substrate (ES) complexes;

6. Product formed that no longer fits into active site and is released;

(b) With reference to haemoglobin, explain the significance of bonds in maintaining the

8.

9.

protein’s structure and function. [8]

. Peptide bonds between amine groups and carboxyl groups of amino acids at

primary structure of organisation

Hydrogen bonds between —CO and —NH groups of the polypeptide backbone;

Ref. to overall 3D configuration/ globular shape of haemoglobin;

Each globin polypeptide is folded such that the bulk of the hydrophobic amino acid
residues are buried in the interior of the globular structure;

Ref. to haem binding pocket lined with hydrophobic amino acids to provide a
hydrophobic environment for hydrophobic haem group to bind;

Hydrophilic amino acid residues are on the outside;

. Haemoglobin is soluble in aqueous medium and hence a good transport protein for

oxygen in blood;

The two polypeptide chains in each dimer are held together by mainly hydrophobic
interactions;

The two dimers are held together by weak hydrogen and ionic bonds;

10. Resulting in the ability of the two dimers to move with respect to each other;
11. This allows for cooperativity;
12. When an oxygen molecule binds to/is released from 1 haemoglobin subunit, the

binding/ release induces a conformational change in the remaining subunit;

13. Which increases/ lowers the affinity for oxygen of the remaining three oxygen

binding sites respectively;

14. This facilitates the loading and unloading of oxygen;

10



(c) Discuss the social implications of genetically modifying plants. [6]

1) Use of vectors which confer antibiotic-resistance might result in these genes being
passed on to other potential harmful bacteria which hampers treatment.

2) New allergens produced that are dangerous to people with allergy who consume
them.

3) Genetically modified crops might establish themselves as weeds as they are able
to withstand unfavourable environmental conditions.

4) Spread of resistance from genetically modified crops to weeds might result in the
production of superweeds that are resistant to herbicides.

5) Genetically engineered organisms, if introduced into the environment, might upset
the balance of the ecosystem as it might lead to increased competition for space
and nutrients.

6) Loss of biodiversity

OR
Question 6
(@) Compare competitive and non-competitive inhibition of enzyme action. [6]
(b)
Features Competitive Non-competitive
Structure of inhibitor Resembles substrate; Does not resemble
substrate;
Binding site of inhibitor Binds to active site of | Binds to enzyme at a
enzyme,; region other than the
active site;

Mechanism of inhibition

Blocks substrates from
binding to active site of

Blocks substrates from
binding to active site by

the enzyme; changing the
conformation of the
active site;
Effect of high substrate | Inhibition can be reversed | Inhibition cannot be
concentration on | at high substrate | reversed at high

inhibition

Achieving Vmax

concentration;

Vmax in the presence of
inhibitor can be very
close to that of reaction in
the absence of inhibitor;

substrate concentration;

Vmax in the presence of
inhibitor is less than that
of reaction in the absence
of inhibitor;

Similarities:

1. Atlow substrate concentration, rate of reaction in the presence of inhibitors is

11




slower than that in the absence of inhibitor;

(c) Describe the process of mitosis and its importance in living cells. [8]

Process of mitosis: any 6 from PMAT (at least one from each stage)

Prophase:
e Chromatin condenses to chromosome
e Sister chromatids joined at centromere
e Centrioles migrate to opposite poles
e Mitotic spindles begin to form; nuclear envelope disintegrates
o Nucleolus disappears
Metaphase:
e Centrioles reached opposite poles
Spindle fibres attached to kinetochore
e Chromosomes align on metaphase plate
Anaphase
e Centromeres divide
Sister chromatids separate and move to opposite poles
e Shortening of kinetochore microtubules/spindle fibres
Telophase
e Chromosomes reached opposite poles
e Chromosomes uncoiled to chromatin fibers
e Spindle fibers disintegrates
e Nuclear envelope reforms
o Nucleoli reappears,
e Forms two genetically identical daughter nuclei
Importance (max 2):
e Maintains genetic stability to produce genetically identical nuclei
e Increase number of cells for growth
e Asexual reproduction
e Replace damaged cell and regeneration
(d) Discuss the ethical implications of genetically modifying plants. [6]

GM plants grown as crops may lead to consumers having allergies as foreign
proteins are produced in the plants, companies need to label their GM crops for
consumers to make informed choices / consumer safety is compromised;

Animal genes may be introduced to plant genomes, leading to concern of
vegetarians or some religious groups which followers are not allowed to consume
certain animals;

GM crops lead to benefits that rich countries can enjoy due to more financial
resources at the expense of poorer countries (e.g. increasing dependence of poor
countries on rich countries for expensive GM crops), increasing rich-poor divide;

12



e GM crops can produce higher quality food to allow large companies that develop
the technology / reduce costs to increase profit margins to out-compete small
scale farmers, increasing rich-poor divide;

e Patenting the GM crops reduces them to the level of objects and if patenting is not
allowed, a company might not be able to protect the results of their research
program.

e Tampering with nature, where the mixing of genes among species may be seen as
violation of organisms natural intrinsic values, crossing species boundaries;

END OF PAPER
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