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Topic 2.1, 2.2 Structure and Function of Nucleic Acids & DNA Replication

CJC
3 (a) State how one siructural feature of DNA confributes to its stability as a hereditary material.

The “trombone” model of DNA replication postulates that two DNA polymerase enzymes work together in
a protein complex during DNA replication.

Fig. 3.1 shows a DNA molecule undergoing DNA replication.
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Fig. 3.1

(b) With reference to Fig. 3.1,

(i) compare how the synthesis of the lagging strand differs from that of the leading strand.
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(ii) suggest why it is necessary for two DNA polymerase enzymes to work together in a protein
complex during DMNA replication.

-4

(c) Explain how the end replication problem arises.

-4
[Total: 7]
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Mi

3.
(a) State the function of DNA and describe its property that allow it to perform this function.

- 12

(b) In a somatic cell of a eukaryote, 20% of the nitrogenous base in the nuclear DMNA is
thymine.

Calculate the percentage of nitrogenous base in the nuclear DMNA of this cell that is
guanine and explain your answers.

Show your working clearly in the space below.

- [3]
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(c) Fig. 3.1 shows the process of DNA replication.
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Fig. 3.1
(i) Inthe boxes provided in Fig. 3.1, label the end of DNA with either
« Jor
L
(1]
(ii) Explain why DNA is replicated differently in Box A and Box B.
- [2]

(d) During protein synthesis, DMNA is used as a template to form mENA and the resulting
mRNA is used as a template to form polypeptide chain.

Describe 2 other differences between the enzyme used to form mEMNA and the enzyme
used to form polypeptide chain.

[Total :10]
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Topic 2.3 Cell and Nuclear Division
ASRJC

2 Fig. 2.1is a photomicrograph of root tip cells at different stages in the cell cycle.

A cell in interphase and telophase are labelled.
. .
cellin interphase —— ‘
W a W
l I ® S -

cell in telophase
Fig. 2.1
(@) (i) Complete Fig. 2.1 by naming the stage of mitosis shown in each of cells J and K. [1]

(ii) State one feature of the cell in interphase, visible in Fig. 2.1, that shows this cell is not
in early interphase.



Topical Revision Package C
Core Idea 2

(c) Reduction division happens in meiosis.

(i) Describe the events that cause reduction division.

—-[2]

(if} Explain the need for reduction division during meiosis.

3]
[Total: 9]
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JPJC
7 (a) Fig. 7.1is a photomicrograph of animal cells in stages of the mitotic cell cycle.

Fig. 7.1

(i) Name the stage of mitosis shown in cell Q.

)

(i) Outline the roles of mitosis in a healthy animal.

[2]
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(b) Uncontrolled mitosis can cause cancer in humans.

Paclitaxel is a drug used in the treatment of some forms of cancer.

Researchers investigated the effect of Paclitaxel on the mitotic cell cycle of cance

cells.

+ The cancer cells were grown for two days and then divided into groups.
» [Each group was treated with a different concentration of Paclitaxel.

After 28 hours (one cell cycle):

the percentage of cells in stages of mitosis was calculated.

« the ratio of the number of cells in anaphase to the number of cells ir

metaphase was determined.

The results of the investigation are shown in Fig. 7.2.
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With reference to Fig. 7.2, describe the results and suggest an explanation for the
effect of Paclitaxel on the mitotic cell cycle.

e [4]

{c) Multiple myeloma is a type of cancer in the bone marrow where some of the stem
cells start to produce abnormal blood cells.

Some freatments available are stem cell fransplantation, immunotherapy and
chemaotherapy.

(1} In stem cell transplantation, stem cells are collected from the bone marrow of
the person with multiple myeloma. Healthy stem cells are isolated and grown
in the laboratory. Radiation is then used to destroy all stem cells and cancerous
cells in the bone mamow. Finally, large numbers of the healthy stem cells grown
in the laboratory are returned to the bone marrow.

Suggest the role of stem cells in this treatment of multiple myeloma.

v [3]
[Total: 10]

11
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3 Fig. 2.1 shows a pair of homologous chromosemes during one of the stages of meiosis.

The letters G to M represent the dominant alleles of seven genes and the letters g to m
represent the recessive alleles of the same seven genes.

aYalayYe
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M M m m
LRI e NS
Fig. 3.1
(a) (i) Name the structures labelled R and S.on Fig. 3.1. 2]
R
R

(ii) State three features visible on Fig. 3.1 that identify the chromosomes as a
homologous pair. [3]

12
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(i) Fig. 3.2 shows the same two chromosomes a little later in the same stage of meiosis.
Crossing over is starting to occur at point T.

Fig. 3.3 shows an outline of the same two chromosomes after crossing over has
occurred.

Complete Fig. 3.3 by writing in the letters of the alleles along both chromosomes. Take
care to clearly show the difference between letters representing dominant alleles and

letters representing recessive alleles. [2]
G G g g
H H h h
| I T i i
T I R T
K K k k
Q q q
M m m

Fig. 3.2 Fig. 3.3
(b) State the stage in meiosis in which crossing over occurs. [1]

(c) Crossing over results in genetic variation.

Explain how random assortment of homologous chromosomes also results in genefic
variation. [2]

(d) The diploid number of chromosomes of this organism is ten.

In the absence of crossing over or mutation, state the number of genetically unigue kinds
of gametes that might be formed by one individual. [1

[Total: 11]
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Topic 2.4, 2.5 Gene Expression and Regulation

ACJC
4 Fig. 4.1 outlines the production of a protein in a eukaryotic cell.

Fig. 4.1
(a) Identify structures J, K and L.
e A S T T A S N R A A S S L e e A G S S S S
B e e e O 5 R o S B T S e e R S o S o o S R o
. o, 2 e A S S o R T e A e SR —[3]

14
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() Outline the events in protein synthesis that continue from what 5 shown in Fig. 4.1 which

(c)

leads to the synthesis of a complete polypeptide.

E]

Frotein T, not shown in Fig. 4.1, is normally invalved in the initiation of translation.

The unfolded protein response (UPR) is a cellular stress response that is friggered by an
accumulation of unfolded or misfolded proteins after a high rate of translation. During the UPR,
& kinase known as PERK is activated and acts on protein T.

Suggest how the activation of PERK prevents the accumulation of unfolded or misfolded
proteins.

-2

15
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ACJC

6  (Gene expression can be controlled at the transcriptional level. An investigation was carried out to
find out the effect of an enhancer sequence on the transcription of a gene.

Fig. 6.1 summarises the results of the investigation, with five different experiments, (a) to (e):

{a) shows the gene without an enhancer, while (b) to (e) shows the gene under the influence of the
enhancer at different amrangements.
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Fig. 6.1
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(@) Describe the funclion of the enhancer.

- 3]

{b) Explain how the enhancer js_ahlg to perform its function in the new location shown in
Fig. 6.1(c).

-2

{c) With reference to Fig. 6.1(d) and 6.1{e), describe the relationship between the activity of the
enhancer and its amrangements.

- 12]

17
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Specificity protein 1, Sp1, was found to stimulate transcription of a gene. It was discovered that Sp1
binds specifically to GC box sequences found within the gene. |n_order.to study Sp1 further, the
method shown in Fig. 6.2 was used to obtain and purify Sp1.

Agarose
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‘ l 1 Add mixture
of call proteins

o Purified Sp1
Other proteins
flow through
Fig. 6.2

(d) With reference to Fig. 6.2, suggest how the method purifies Sp1.

[Total: 10]
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CJC

4 Mucleolus is a large and dense region inside the nucleus. It consists of a fibrous part and a granular part.
The large and small ribosomal subunits can be found within the granular part.

{a) Based on the information above as well as your knowledge on transcription and translation, outline
how ribosomes are formed.

- [4]

19
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Gene expression in eukaryotic cells is regulated at multiple levels.
Transferrin receptors (JfRs) are cell surface receptors and are involved in the uptake of extracellular iron.
The regulation of expression of transferrin receptors (JfRs) is illustrated in Fig. 4.1.

It involves the interaction between Iron Response Element-Binding Protein (IRE-BP) and Iron Response
Element (IRE) which is a loop structure found on the mRNA.

High iron

Inactive
Fe) ' IRE-binding

protein
5 1 1 ¥
i 7: [ [ e—t YY)
SMTO&M‘I Stop codon ‘ e
enzyme

Low iron

Transferrin

FECRpRX IRE

With reference to Fig 4.1,
(b) (i) state the level of regulation shown.

20



Topical Revision Package C
Core Idea 2

(ii) explain how low cytosolic iron concentration results in an increased uptake of extracellular
iron.

-4

21
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Another example of a protein, Ferritin proteins; are involved in the storage of iron taken into the cell by

TiRs.
The regulation of ferritin expression is illustrated in Fig. 4.2.

Ferritin mREMA in cytosol

High iron
concentration

Frotein coding region

e translation

IRE-BP

Low iron REs
concantration [ [
L j-r

Protein coding region

+’ translation

Fig 4.2

(c) Outline two differences in the regulation of ferritin and JfE, expression.

22

-[2]
[Total: 11]
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4 (a) Explain the meaning of the terms:
(i 0ens
- [1]
{ii) codon.
- [1]

(b) Fig. 4.1 shows part of the sequence of events in the assembly of the enzyme
lysozyme which consists of 129 amino acids.

N O N I T O O O O O O T O T T N O O O T O |
i a1 L1

codon number
Fig. 4.1

(i) [Identify structures A, and B.

[2]

(i) Describe how the o-helix of the secondary structure of lysozyme is held
together.

- [1]

(iii) Describe one reason why ATP is required for assembly of lysozyme.

- [1]
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{c) Lysozyme j5 capable of splitting a polysaccharide found in the bacterial cell wall.
Fig. 4.2 shows the structure of this polysaccharide. Lysozyme catalyses the

hydrolysis of the B (1-4) bond between N-acetylglucosamine and MN-acetylmuramic
acid residues of bacterial cell walls.

k. R 1 5
= i ]
Hik iy Lk
{H
A o 1 }"| 0 [}
— L
] F..e""u K 4 R

Fig. 4.2

Explain the significance of the assembly process shown in Fig. 4.1 to the activity o
lysozyme shown in Fig. 4.2.

e [4

[Total: 10]
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SAJC
QUESTION 6

{a) DMA codes for proteins within the cell. Some regions of DNA are described as non-coding.

(1) Explain why some regions of DNA can be described as ‘non-coding’.

~-[2]

(ii) Non-coding regions of DMNA show more variation than coding regions. This makes non-
coding regions useful in DMA profiling. DNA profiling can be used in cases of paternity and

forensics.

Suggest why non-coding regions of DMNA show more variation.

il

(b} In eukaryotic cells, all RNA molecules are synihesised as pre-RMNA (primary RMA transcript)
and undergo some form of post-transcriptional modification to form mature RNA. For example,
DHA template strand is transcribed into pre-mRMA which then undergoes post-transcriptional
madification to form mature mRMNA. tRNA and rRENA similarty are first synihesised as pre-tRMA
and pre-tRNA_and undergo post-transcriptional maodification to form mature tRNA and rREMNA,
respectively.

Fig. 6.1 shows part of a pre-tRNA molecule. Geneticists identified two mutations that can affect
this pre-tRNA, as shown in Fig. 6.1.

Base sequence
conlaining the triplet

bases

complementary to Base sequence removed Base sequence involved

codon on mREMA from pre-tRNA in stability of tRNA
Pre-tRMA, Exen Intran Exon

T '
Mutation 1, Mutation 2,

single base single base
deletion substitution

Fig. 6.1
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(1) Assuming the mature tRNA formed from this mutated pre-tENA, binds to the same amino
acid as the non-mutated tRNA, sxplain why mutation 1 to this pre-tRMA leads to the
production of a less functional protein.

3]

(il) Suggest possible effect(s) mutation 2 might have on the tENA produced using your content
knowledge and understanding of post-transcriptional modification of mRNA.

Explain your answer.

-[2]

{c) Contrast between translation in eukaryote and prokaryote.

~-[1]

[Total: 9]
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Topic 2.6, 2.7 DNA Mutation and Chromosomal Aberrations

Mi

4, Sickle cell anaemia is most_ commonly caused by the haemoglobin varant HhS, a result
of a point mutation.

(a) Describe the effect of the point mutation to haemoglobin.

4]

(b) Sickle cell anaemia can be treated with a drug called hydroxyurea which induces the
formation of fgial haemoglobin (HRE). HRE is normally found in fefus and newbom.
When present in individuals with sickle cell anaemia, HoE prevents sickling of red
blood cells.

(i) Suggest how formation of HpE would be induced.

= [2]
(ii) Suggest how elevated levels of HROE may reduce the symptoms of sickle cell
anasmia.

- [2

28
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(c) Sickle cell anaemia is caused by a somatic mutation as it affects the somatic cell. On
the other hand, germline mutation affects the gametes.

Explain why somatic mutation may have milder consequence than germline mutation.

- [2]

(d) Mitochondrial complex | deficiency is the most commaon mitochondrial disorder present
in childhood. It can be caused by mutation in mitochondrial DNA (milRkA) or mutation
in nuclear DNA.

The characteristics of the deficiency caused by mutations in miDMNA are:
«» g cell in an ovary produces gametes with different proportion of noma
mitochondria and mitochondria that contains the miDNA mutation
* 3 person has disease symptoms when the proportion of mutant mitochondriz
in their cells exceed a certain threshold
» fthe severity of disease symptoms, and the age at which they appear, can vary
greatly in the children of one woman.

In a family with history of mitochondrial complex | deficiency that is caused by mutation
in a nuclear DNA, the probability of a child inheriting the mutation can be predicted.

Suggest why, in families where mitochondrial complex | deficiency is caused by

miDKA mutation, it is not possible to predict the probability of a child inheriting the
mutation.

- [2]
[Total 12
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SAJC
QUESTION 4

The red blood cells of patients with sickle cell gapasmia have reducad oxygen-carmying capacity.

(a) Explain how gene mutation causes a lowering of solubility of hagmaglobin S in sickle red
blood cells.

30
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The early detection of sickle cell anaemia can help to reduce mortality rates and early intervention
can be initiated to manage the disease effectively. Different techniques have been developed to

detect the sickle cell disease and the carrier states with high sensitivity and specificity.

Cne of the ways is through electrophoresis of the isolated haemoglobin molecules. In this technique,
red blood cell lysates containing the hasmoolohin molecules are separated at alkaline pH. Under
this condition, all haemoalnbin molecules show a negative charge.

Fig. 4.1 shows the results obtained from the separation of haemoglobin molecules isolated from
red blood cell lysates of individuals who are normal (genotype HR*HR®) and who have sickle cell
anasmia (genotype HEHRS). Equal concentrations of the proteins were loaded in each well before
separation.

+ glactrode
] [
B —
= alacirode
Hb HB" HbHB®
1 i 3
Fig. 4.1

(b) Explain how gel electrophoresis may be used to distinguish between the HbA and HRS,
proteins in lanes 1 and 2 respectively.

)

{c) State the genotype of the individual who provided the red blood cell ysates in lane 3. Explain
YOUr answer.

--[2]
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The term “relative fitness” describes the total number of offspring an organism has, compared to
the average number of offspring for the population.

Fig. 4.2 shows the relative fitness of individuals who are normal, diagnosed with sickle cell anaemia.
(SC) and sickle cell trait (SCT). Individuals with sickle cell trait do not usually show symptoms of

sickle cell apaemia. although they only have a copy of the normal allele.
The fitness levels of all 3 groups of individuals have been studied in both areas with and without

malaria. Those with sickle cell gnaemig. generally show low fitness levels due to the development
of various health complications which affect their overall well-being and ability to conceive or carry

a pregnancy to term.
1.00~- 1.00~
0.75= 0.75=
0.50~ 0.50~=
0.25~ 0.25+
ol | .l

§C SCT normal SC  SCT normal
In areas In areas
with malaria without malaria
Fig. 4.2

(d) With reference to Fig. 4.2, account for the difference in relative fitness of individuals who are
normal and those who show the sickle cell trait.

~-[4]

[Motal : 12]
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Topic 2.8 Molecular Biology of Cancer

JPJC
Refer to JPJCQ7 in Topic 2.3 Cell and Nuclear Division.
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Topic 2.9 Genetics of Viruses

ACJC

5 SARS-CoV-2 is5 the virus responsible for the COVID-19 pandemic. It s a positive-sense
single-stranded RNA enveloped virus which uses its viral spike glycoproteins to infect human cells
bearing ACEZ2 receptors.

Fig. 5.1 shows the viral reproductive cycle within an infected cell.

Viral antry }
Replication of
positive-sensa

RNA genome Modification

@ H‘Q GA
. .
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(a) Compare the reproductive cycle of SARS-CoV-2 shaown in Fig. 5.1 with that of the influenza
wirus.

. [4]

(b) WMany different strains of SARS-CoV-2 have been detected since the start of the pandemic, a
feature that is shared with the influenza virus.

Explain how new strains of the influenza virus may arse.

k]

35
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The polymerase chain reaction (PCR) test has been considered the most accurate test for
diagnosing an infection by SARS-CoV-2.

To conduct the PCR test, viral RMA is first extracted from the patient's biological sample, then
reverse transcribed to form complementary DMA (cDNA). The cOMNA is then amplified through PCR,
and the presence of significant quantities of amplified DA indicates a positive test result.

(c) Explain the basis for the high accuracy of the PCR test.

L2

Another method used for diagnosis is the antigen rapid test (ART), which can be done without the
need for analysis in a laboratory and can yield resufts within minutes.

Scientists evaluated the effectiveness of ART in diagnosing COVID-15 in 500 patients, where the

presence of SARS-CoV-2 in the patients were then confirmed by PCR testing. The results are
shown in Table 5.1.

Table 5.1
result by PCR
result by ART
positive neqgative
positive 111 3
negative 4 37T

The sensitivity of a diagnostic test is defined as its ability fo detect a disease when a patient is
confirmed to be infected.

The specificity of a diagnostic test is its ability to cormrectly indicate the absence of disease when a
patient is confirmed as not infected.

Both measures of sensitivity and specificity are calculated as percentages.

36
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(d) Calculate the sensitivity and specificity of the ART method, showing yvour workings in the
space provided.

[2]

[Total: 11]
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b Scientists have produced structures known as virosomes, which are used as fransport
vehicles for cellular delivery of biologically active macromolecules into the cytoplasm of

target cells. Biologically active macromalecules are carried in the central area. Virosomes
do not cause disease.

Fig. 5.1 is a diagram of a section through a virosome.

glycoprolein
haamaggutinin

cenbral area
phospholipid - ghycoprotain
bilayer neuraminidase

BTy

Fig. 5.1

(@) State one difference between the structure of a virosome and an influenza virus.

- [1]

(b) The glycoproteins haemagglutinin and neuraminidase are found in the influenza
virus and in the virosomes. Haemagglutinin binds to a receptor in the cell surface
membrane of target cells.

Explain how the virosomes deliver biologically active macromolecules into target
cells.

- [3]
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{c) Ininfluenza virus, neuraminidase removes parts of the host cell receptors that bind
to haemagglutinin. This helps newly-formed viruses to leave host cells.

Drugs have been developed to act on neuraminidase. These drugs prevent viruses
from leaving host cells.

Suggest and explain how these drugs act to prevent viruses leaving cells.

v [3]
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(d) The number of cases of influenza is reported to the World Health Organization
(WHO) by countries throughout the world so that global data are collected. Fig. 5.2
shows the global data collected between January 2008 and December 2012.

Kay
] Africa
|| Rest of the world
45 000 -
40000 4 B
35000 4 |
30000 4 ] | |
number |
of cases 25000 4
20000 - 1
15000 - —
10000 { 11 |
|
S, E
553§58583852853
%‘EE_’ 2%55_’ ZEEE_"
= = =
L L) ]
—F = ]
Fig. 5.2

Use the data in Fig. 5.2 to describe the pattern shown in the number of cases of
influenza reported to the WHO between January 2008 and December 2012.

41
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Topic 2.10 Molecular Techniques
ASRJC

7 Cyslic fibrosis (CF) is a genetic disease caused by mutations of the gene that encodes the cystic
fibrosis transmembrane conductance regulator (CFTR).

The most common cystic fibrosis mutation, AF508, is a three-base-pair (bp) deletion of codon
508 at exon 10 of the CFTH gene.

Another cystic fibrosis mutation is the G5510 mutation. This mutation creates a recognition site
for the restriction enzyme Mol at codon 551. This recognition site is not present in the normal
allele.

The CFTR gene is amplified via the polymerase chain reaction (PCR)} and digested with a
restriction enzyme, Mhaol.

(a) Explain the role of primers in the PCR used to amplify the CFTR gene.

2]

(b) Fig. 7.1 shows the results of agarose gel electrophoresis of Mbol digest products.

1t 2 3 4 5 6 7T 8 9 10 11 12 13 14 15

Fig. 7.1

Explain which individual(s) isfare carrieris) of the disease.
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(c) Todetect cystic fibrosis in individuals, a modified Southern hybridisation technigue is used.

Target DNA is amplified using PCR and then denatured and labelled with biotin and
streptavidin-alkaline phosphatase.

The amplified target DMA is then allowed to hybridise with a specific probe that is attached
to a nitrocellulose membrane strip. When a chromogen is added, itis converted to a purple
precipitate by alkaline phosphatase.

If the allele is present, it will hybridise with the respective probe. This leads to the
conversion of the chromogen to a purple precipitate by alkaline phosphatase. This will
then show up as a band on the strip.

Fig. 7.2 shows the PCR products of seven individuals (in lanes & — G) which are tested
with four different probes. The following probes are used for the respective alleles:

probes dlleles to detect
W.AFS08 AF503 wild-type allele
M.AFS08 AFS08 mutant allele
W G5R1D 551D wild-type allele
M.G551D 55510 mutant allele

Chromoger  Purpla
et oAt

A B c D E F G H
= = = - = = = — s Corilrol linm
- — b (- o — - —— Y AF 508
. l - — | — ot s 4, F 508
1 — . s A GS510D
Fig. 7.2

With reference to the information provided in Fig. 7.2,

(i) describe the characteristics of the probes used.
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(il) explain which of the individual(s) isfare affected by the disease.

(iii) explain the purpose of H.

1]
[Total: 9]
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4] (@) Fig. 5.1 below shows a18kb piece of DMA with positions of the restriction sites for restriction enzyme
Haelll
Restriction digestion l 8kb l Skb
with Haelll
Fig 5.1

A restriction digestion using Haglll enzyme was performed, followed by gel electrophoresis.

A DWA ladder, which is a set of DNA fragments of known lengths, is used to estimate the size of
unknown DNA molecules, in lane 1.

On the diagram below,

Lane 1 Lane 2

l

DNA Ladder
Size — —
(kb)
10 | — ]
9 [ —]
B | E—]
) —
b ——
5 | e |
4 =
3 | —
b | e |
1
(i) label the electrode / terminus with “+” or *- “in the circles provided. [1]

(ii) show the band pattern of the sample after the restriction digestion and gel electrophoresis in
lane 2. [2]
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(b) Explain how the separated DMA bands in the agarose gel can be visualised.

(c) Sometimes, DNA bands do not appear as distinct bands but as a smear instead.

Fig. 5.2. shows an example of the smear.

Lane 1 Lane 2
DNA Ladder
Sire
(kb) c— —
10 [ e |
) ————]
8 ————]
¥ —
] =
5 — | |
4 ———]
3 —
2 [ |
. [———

Fig 5.2

Suggest how the smear in Fig. 5.2 is formed.
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(d) Polymerase Chain Reaction (FCR) is a molecular technigue commonly performed before agarose
gel electrophaoresis.

Discuss the advantage and limitation of PCR.

- [2]
[Total: 9]
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6 The polymerase chain reaction (FCR) is used to produce large amounts of DMNA from a
very small original sample. The main stages of a PCR are shown in Fig. 6.1.

step 1
DMNA sample heatéed
1o 85°C

step 2
cooled ta 65°C
thér prmers sddad

¥
step 3
Imcubated al 72 °C with Tag polymerase,
complementary strands of DNA synihesised

Y

step 4
heated lo 95°C again
and process repeated

Fig. 6.1

(a) (i) Explainwhy the DNA sample is heated to 95 *C in step 1.

- [2]
(ii) Explain why primers are added in step 2.
- [2]
(iii)y Explain why the enzyme Tag polymerase is used in step 3.
o [2]
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After an organism dies, its DNA gradually breaks down. However, cells in bones that
were buried hundreds of years ago may still yield small amounts of DMA that can be
extracted, amplified using PCR and then analysed. Mitochondrial DNA (mtDMNA) is
often used because there are usually more than 100 copies of it in one cell, compared
with only two copies of nuclear DMNA.

For example, in 1994, miRKA from bones that had been found in a grave in Russia
was analysed to confirm that these were the remains of the roval family, who were
known to have been killed in 1918, The miDNA extracted from the bones was
compared with the miDMNA from a living relative of the family.

The family tree of the Russian royal family and some of their relatives is shown in
Fig. 6.2.
CQueean

Victaria A

E Nicholas Alexandra :
i @ d) O C_LJ é . ®
1 Oiga Tatana Mana Anastasia Alexe |

Key:

living relative

Fig. 6.2

(1) Explain why there are usually more than 100 copies of miMA in a cell, bui
only two copies of nuclear DMNA.

- 1]
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(i)  All.of the mitochondria in a zygote come from the egg, not the sperm.

List the letters of the people in the family tree in Fig. 6.2 who would be expected
to have miMA identical to the miDMNA of the living relative, G.

e [1]

{c) Despite the widespread application of PCR, the technology still has some limitations.
Outline one limitation of FCR.

e [1]
[Total: 10]
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5. Polymerase chain reaction (PCR) is a molecular technigue commaonly used in molecular
biology.

(a) Describe the aim of PCR.

.-
(b) Describe what occurs in the
(i) first stage,
- [2]
(ii) second stage,
- 2]
(tii) third stage of PCR.
- 2]
(c) State the number of DNA molecules formed after 100 cycles of FCR.
1]
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In the set-up of PCR, all the required components are placed in a machine called
thermocycler. The enzyme responsible for PCR has a half-life of around 40 minutes at
95°C.

(d) With reference to your knowledge of PCR, explain why a half-life of 40 minutes at 95°C
allow many cycles of PCR before the enzyme needs to be replaced.

- [2]

[Total :10]
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Topic 2.11 Genetics of Bacteria

ASRJC
5 The lac operon is a segment of DNA on the chromosome of Eschenciva coli. The structural genes

of the fac operon are only fully expressed when the bacteria are exposed to high lactose
concentrations.

Fig. 5.1 is a diagram showing the /ac operon and a nearby region of the £ coli genome.

I P | O |lacZ |lacY| lacA

______ \ J

I

transcription transcription

Fig. 5.1

(@) Describe a difference in control between the /fac operon and the {p operon.

-]

{b) In an experiment, B-galactosidase concentration was measured in the presence of different
concentrations of lactose and glucose. The results are shown in Fig. 5.2

0.40 T T T J
0.35
0.30
0.25
0.20
0.15 |
0.10 |

0.05

p-galactosidase concentration (pM)

0.00 .
0 20 40 60 80 100

External lactose concentration (M)

Fig. 5.2
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With reference to Fig. 5.2, explain the effect of increaszing glucose concentration on the
fac operan.

4]

ic) A student claimed that if a mutant £ colf strain had a mutated lacd gene where one
nucleotide was added, no functional B-galactosidase and permease would be produced.

Discuss the validity of his claim.

.—14]
[Total: 9]
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Arabinose operon (g43. operon) is an example of aperon in Escherichia coll.
This operon has three structural genes, amEs, argd and gL, which encode for enzymes needed for the
catabolism of arabinose, a five-carbaon sugar that can be used by E. coli as an alternative carbon source.

These genes are not normally expressed in £ col. However, when arabinose is present in the
environment, the three Ara enzymes are produced.

{a) Based on the information above, state if the gy, operon is an inducible or repressible system.

. [1]

Fig. 7.1 shows the structure of the gz operon as well as its regulatory genes.

The praomoter site is situated within grg/ and the CAFP site (CAP-binding site) is the site where cAMP-CAP
binds.

Regulatory
gene Operator reglon Inducer site Struclural genes
| ] 1] Il 1
araC 0O, 0, CnPilta aral araB  araA  araD
= l I ——— 1 1 1 =
|_._ OO araC regulatory
protein
Fig. 7.1

{b) Compare the structure of the grg operon and jac operon.

L
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The gra operon has both positive and negative regulation, being activated in the presence of arabinose.
This is illustrated in Fig. 7.2 below.

Positive regulation of the ara operon

AMP-CAP
araC = O O cM araB  araA  araD
o Y

- [ |  Fomm— | { }-{7 I I I -

arabinose +
Transcription

Negative regulation of the ara operon

oA O: anC Legend:
| |-—-Dlmcr= Interact o0 araC regulatory
T — | I - protein
aral araB  araA araD
Site *

Mo transeriplion
Fig. 7.2
With reference to Fig. 7.2,

(c) Describe and explain the positive regulation of the g18 operon.

- [3]
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{d) Contrast the negative regulation of the ggg operon with that of the fac aperon.

- [2]

(e) A deletion occurred at the beginning of the arad gene.
Predict the effect of this deletion on the gene product of the downstream structural gene, aral.
Explain your answer.

-4
[Total: 12]
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a Fig. 8.1 shows a classic experiment used to show that physical contact between bacterial cell is necessary
for conjugation to happen.

(e PrEssure/suction
| alternately applied

3 5 |

el

strain A strain B
Flate on Medium passes back Plate on
minimal medium and forth across minimal medium
and incubate filter; cells do not and incubate

' '

Mo growth Mo growth

Fig. 8.1
A student tried to replicate the experiment but did not get the result shown in Fig. 8.1.
Instead, he observed a few bacterial colonies which are hybrids of strains A and B. Afterwards, he [ealised
that he forgot to add in Dase when carrying out the experiment.

(@) Briefly describe the role of DNase in this experiment.

1]

(b) How does the lack of DNase in the experiment result in the growth of the hybrid bacterial colonies?

-2
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The student above repeated the experiment, this time with DNase added. Howewver, he continued to
observe a few bacterial colonies which are hybrids of strains A and B.

The student confirmed that the filter was undamaged and there was no cross contamination between
bacterial strain A and B.

(c) Suogest how bacterial colonies which are hybrids of strains A and B could have been obtained in the
repeated experiment. Explain your answer.

-[4]

Bacteria reproduce asexually via binary fission to produce genetically identical daughter bacterial cells.
Mevertheless, binary fission is considered one of the processes contributing to the extensive genetic
variation in bacteria.

(d) Explain how binary fission coniributes to the extensive genetic variation in bacteria.

[Tatal: 7]
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6. Prokaryote reproduces via asexual process, producing clones of daughter celis.

Despite this, prokarnyotes exhibit a wide range of adaptations, suggesting the presence of
genetic variation in prokaryotes. Genetic recombination and random mutation can lead to

the wvaration in prokaryotic genome. However, the probability of random mutation
occurring in the population is relatively low.

(@) State why random mutation may still lead to genetic variation in prokaryote despite its
low rate.

1]

Genetic recombination is the combination of DNA from fwo sources into the genome
of an individual. In prokaryotes, transformation is one such processes.

(b) Describe how transformation leads to genefic vanation in prokaryotic genome.

12
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Transformation is exploited in the laboratory to make copies of eukaryotic genes in
large amount. Fig. 6.1 shows how insulin gene is inseried into bacterial plasmid.

In Fig. 6.2, the resulting plasmid is added to bacteria cell that is treated with calcium
chloride (CaCl.). Usually, the bacterial cell is also subjected to heat shock to facilitate

the uptake of plasmid DNA. Bacteria cells
DNA is known as transformed bacterial

plated on agar plate with suitable growth
that express the insulin gene.

that have successfully taken up the plasmid
cells. The transformed bacterial cells are

medium, allowing scientists to identify cells

Promoter 5-55\;..» Insulin gene . Insulingene
DNA ligase |
—8—» Plasmid used for
/ /| transformation
Antibiotic
resistance gene
Fig. 6.1

(Bacterial cell)

nnnnn

Selection of transformed
bacterial cells with suitable
growth medium

JCaCl,
/ treatmen @

-~ Addition of plasmid DNA

Transformed bacterial oclls

Fig. 6.2
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(c) With reference to all the information provided and your knowledge of molecular biology,

(i) explain why insulin gene obtained from eukaryote can be added into plasmid DMA.

-2

(i) explain the importance of growing bacterial cells on agar plate with suitable growth
medium.

-2

(i) suggest how calcium chloride and heat shock can facilitate the uptake of plasmid
DMA info the bacterial cell.

-2
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After selection of transformed bacterial cell, DMA analysis is conducted to check if plasmid
in bacteria contains the insulin gene.

(d) Outline how Southern Blot is used to detect the presence of insulin gene.

4]
[Total :13]
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6 The fac operon is a section of DMNA present in the genome of Escherichia coii. The structural
genes of the fac operon are only fully expressed when the bacteria is exposed to high lactose
concentrations.

Fig. 6.1 is a diagram showing the /ac operon and a nearby region of the £ coli genome.

I P | O |lacZ|lacY| lacA
_______ ! J
| |
transcription transcription
Fig. 6.1
(a) With reference to Fig. 6.1, complete Table 6.1 to identify two structural genes and its
products. [2]
Table 6.1
structural gene name of the gene product

(b) Gene |/ is transcribed all the time to produce its protein. This is known as constitutive
expression.

Explain why Gene { is constitutively expressed. [3]
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In an investigation into the growth of £. coli, a sample of the bacterium was grown in a medium
that contained limited concentrations of glucose and lactose. The population size of £, coli was
measured at regular intervals.

Fig. 6.2 shows the population growth curve obtained for this investigation.

A
E. coli
population
5iZe

time

Fig. 6.2

{c) Describe and suggest explanations for the population growth curve shown in Fig. 6. [4]

[Total: 9]
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Topic 2.12 Inheritance

ACJC

7

A recombinant frequency of 1% indicates a distance.of 1 centimorgan (ghd) between two genes on
a chromosome. Recombinant frequency can be calculated using the equation:

Recombinant frequency = | umber of recombinant offspri x  100%
Number of total offspring

In tomato plants, the two genes controlling the height of plant and the type of leaf are on the same
homologous pair of chromosomes. They are located 12 gy apart on chromosome 1. The allele D,
for a tall plant, is dominant to the allele d, for a dwarf plant. The allele M, for normal leaves, is
dominant to the allele m, for mottled leaves.

Fure-breeding tall tomato planis with mottled leaves are crossed with pure-breeding dwarf plants
with normal leaves. All the F1 tomato plants are tall with normal leaves. The F1 tomato plants then

undergo a test cross, which gives 250 offspring. There are equal numbers between the two parental
phenotypes and equal numbers between the recombinant phenotypes.

(a) State the genotype of both plants from the parental generation.

- [2]

(b) Draw a genetic diagram of the test cross to show the observed results, clearly indicating the
numbers of individuals in each different phenotypic class in the offspring.

2]
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Table 7.1 shows the height of 50 tomato plants measured in metres, to the nearest cm.

(c)

Table 7.1
162 | 205 | 239 | 214 | 1.84 | 165 | 1891 | 234 | 1.04 | 285
172 | 228 | 232 | 200 | 211 | 166 | 1.74 | 197 | 221 | 143
208 | 1.76 | 268 | 191 | 207 | 185 | 219 | 214 | 199 | 1.57
208 | 245|182 | 111 | 268 | 186 | 219 | 156 | 278 | 1.23
282 | 201 | 244 | 204 | 263 | 190 | 221 | 1.37 | 257 | 254

State and explain the type of genetic variation shown in the height of tomato plants.

67
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6 A plant breeder crossed a plant from a pure-bred line of tomato plants with red fruit with uniform
pigmentation with a plant from another pure-bred line of plants with orange-coloured fruit, but
with unattractive dark patches. The resulting generation all produced red fruit with dark patches.

Plants from this generation were interbred. The resulting progeny showed the following numbers
of plants in each of the three phenotypes:

red fruit with dark patches a3
red fruit with uniform pigmentation 45
orange fruit with dark patches 44

The height of the plants was also measured and the data collected is shown in Table 6.1.

Table 6.1
height / cm number of tomato plants
131-135 3
136 — 140 9
141 -145 21
146 - 150 12
151 - 155 2

(a) Distinguish between the twao types of variation shown in fruit colour and height in the tomato
plants.

]

(b} The genes involved in the cross above are hypothesised to be completely linked. State the
meaning of the term ‘complete linkage’.

—h |

68



Topical Revision Package C
Core Idea 2

(c) Using the symbals Rir for the gene for colour and D/d for the gene for pigmentation, draw
a genetic diagram to show how the second cross could lead to the three phenotypes.

[4]
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{d) The ¢ distribution table (Table 6.2) and equation to calculate +* are shown below. Using
the formula, the calculated +* value for the cross was 0.38.

. (0—E)*
oyt = E -
A E
Table 6.2
degree of probability. p
freedom 0.10 0.05 0.02 0.01 0.001
1 271 3.84 5.41 6.64 10.83
2 4 61 5.89 7.82 9.21 13 82
3 6.25 782 9.84 11.35 16.27
4 7.78 9.49 11.67 13.28 15.47
(i) State the null hypothesis.
1
{if) Using the calculated value of +* and Table 6.2, explain what conclusion can be drawn
from the data.
[Total: 10]
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[i] Fineapples have three types of leaves: spiny, spiny-tipped and non-spiny.
There are two gene loci involved in the formation of leaves in pineapple, the loci for Afa and B/b respectively.

The presence of allele B results in the formation of spiny-tipped leaves, while the presence of allele b
results in the formation of spiny leaves.

The presence of allele A will prevent the formation of spiny-tipped leaves as well a5 spiny leaves.

In a particular study, homozygous plants were crossed to produce the F1 generation, which were then
allowed to interbreed with the following results:

(@) Complete the table below.

[2]
Cross Phenotypes
Parents F, Ratio F. Ratio
1 non-spiny X spiny All non-spiny 12 non-spiny: 3 spiny-tinped: 1 spiny
2 spiny X spiny
K] spiny tipped X spiny
(b) Draw a genetic diagram to explain cross 1. 5]
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Fig. 6.1 below shows the inherntance of colour blindness.

—O

2

.

0O O
-

>0 0—~0—-0

~O—
Cal'al o

& P

1 2 3

-0 |0

Fig 6.1

With reference to the Fig.6.1,

(c) explain the mode of inheritance of colour blindness.

(d) Calculate the probability that the offspring of individual Gen IV-1 and individual Gen IV-2, is a

carrier. Show your working.
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& Two unlinked genes control the production of yvellow flavone pigment in petals of Dahlia
flowers. The petal colour also depends on the degree of hydroxylation of colourless
precursor of the flavone pigment.

The dominant allele, A, of one gene produces dark yellow pigment due to higher degree
of hydroxylation by the gene product. No pigment is produced by the recessive allele, a.
The dominant allele, B, of the second gene produces a light yellow pigment due to lower

degree of hydroxylation by the gene product. The recessive allele, b, has no hydroxylation
effect.

When no yellow pigment is produced the petals are white.
This is an example of dominant epistasis.

(a) Explain the term dominant epistasis in this context.

- [3]
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(b) Flants with the genotypes AABB and aahb were crossed and the resulting
F1 generation was test-crossed.

Draw a genetic diagram of the test-cross to show the genotypes and phenotypes o
the parents and offspring.

State the ratio of phenotypes of the offspring.

= L0 T T ==
[5]

(c) Explain why it would be useful to carry out a chi-squared test on these results. Mo
calculations are required to answer this question.

- [2]

[Total: 10]
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8. In the sweet pea plant, one gene codes for flower colour and one gene codes for pollen
grain shape.

Flower colour is either purple or red, and the allele F coding for purple flowers is dominant
over the allele T coding for red flowers.

Pollen grain shape is either long or round, and the allele G coding for long pollen grains is
dominant over allele g coding for round pollen grains.

(a) A dihvbrid cross was camed out between homozygous dominant and homozygous
recessive sweet pea plant parents to produce the F1 generation.

The offspring from the F1 generation were crossed to produce the FZ2 generations.
Table 3.1 shows the actual results of the cross.

Table 8.1
FPhenotypes of F2 offspring mgmrji;?;
purple flowers, long pollen grains 204
purple flowers, round pollen grains 24
red flowers, long pollen grains 25
red flowers, round pollen grains 57

(i) Explain how the results support the fact that this is a non-mendelian inheritance.

- [4]
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(ii) Draw a genetic diagram to show the actual cross between the two offspring from
the F1 generation.

[4]

77



Topical Revision Package C
Core Idea 2

(b) A test cross was camied out with sweet pea plants known to be heterozygous for both

flower colour and pollen grain shape.

The results of the test cross are shown in Table 8.2

Table 8.2
Observed Expectad
Fhenotypes of F2 number of | number of . {0O-EF
offspring individuals | indviduals | (©F) | (©F) =
(O} (E)

purple flowers, long 105

pollen grains

purple flowers, round 15

pollen grains

red flowers, long pollen 16

grains

red flowers, round 64

pollen grains

(i) Chi-sguared test was carried out to investigate if the results in Table 3.2 were
significantly different from those expected.

The formula for chi-squared test is shown in Fig. 8.1.

K;

e

Fig. 8.1

{25

Complete Table 8.2 and calculate the value of ¥*. Show your working clearly in the

space below.
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(ii) The results of a test cross can be used to determine a crossover value (COV). A
crossover value is the percentage of the total number of offspring showing

recombination.

The COV can be calculated using the formula below.

number of recombinants x 100
total number of individuals

COV =

Calculate the COV from the observed results shown in Table 38.2. Show your
working clearly in the space below.

[Taotal :12]
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SAJC
QUESTION 5

Chronic Granulomatous Disease (CGD) is characterized by defects in the enzyme NADPH oxidase,
causing phagocytes (for examples, neutrophils) to improperly clear invading pathogens.

Z-CGED0D iz the most common type of CGD and primarily affects males, with less females getting the
disease. It is caused by a mutation in a gene on the sex chromosome.

{a) With reference to the information provided above, state the mode of inheritance of CGD.

Mode of Inhentance: e 1]

{b) Explain vour answer for (a).

2

{c) A woman not affected by CGD marres a man not affected with CGD. Their daughters are all
not affectad, while they have some sons who are affectad, and some sons who are not.

IJsing the symbols Afa, construct a genetic crass diagram to show the outcomes.

[4]
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(d) Use the genetic cross diagram in (c) to find the probability of the couple getting a son with CGD.

S

Further research showed that the gene mutation causing CGD is a substitution mutation.

Fig. 5.1 shows a pedigree tree to show the inheritance of CGD, and Fig. 5.2 shows the outcomes
of gel electrophoresis after isolation of the NADPH oxidase gene from each.individual. The bands
are made visible with the staining of ethidium bromide.

Fadreichsal 1 F 3 3 4 5
. ";B:f Fiple
L }
1 2 . Affacted fomaks
o Pl Moozl o .
. Adinciad mals I N . -
| |
e a ; . Mot affected maie
Fig. 5.1 Fig. 5.2

&) With reference to Fig. 5.1 and Fig. 5.2, identify one error in the gel electrophoresis outcomes
shown in Fig. 5.2 Explain your answer.

Errov

Explanation:

[2]

81



Topical Revision Package C
Core Idea 2

Researchers are trying a new treatment for CGD, where they removed stem cells which are capable.
of differentiating into blood cells from the patients themselves, and genetically modified them so
that they no longer cammied the unwanted mutation. Then, the edited stem cells were returned to
their bodies, ready to produce healthy new lymphocytes such as B vmphocytes and T lymphocytes.

[f) State the name of the stem cells which gre capable of differendiating into blood cells and list two
properties of these stem cells.

1]

N BIMIE OF BB OB e

L o= =

e 2]

[g) The new treatment mentioned above 5 _able_to overcome ethical concerns on obtaining stem
cells from blastocysts derived from oocytes (eggs). Elaborate on one such ethical concems.

R i

[Total:14]
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5 A piebald fur dog is one that has white spotted pattern and is often associated with deafness.
Fure bred brown fur dogs with normal hearing were crossed with pure bred piebald, deaf dogs.
All F1 generation were brown fur dogs with normal hearing. The F1 generation were then inbred
and gave offspring with the following observed numbers and phenotypes as shown in Table
5.1 below.

(a) In Table 5.1,

» indicate the expected number of progeny of the F2 phenotypes if the genes assorted

independenthy.
 complete the rest of Table 5.1 to calculate the chi-squared value. (4]
Table 5.1

Fhenotypes Gtrsrl:.r”;bde{l[;i FEEE;E::HF (E} s EE;EE (2dp) |
Brown fur, normal hearing 30
Fiebald fur, deaf 24
Brown fur, deaf T
Fiebald fur, normal hearing 3

(O-EP

K= X

]

(b) The critical chi-squared value for these results at a probability of p = 0.05 s 7.81.

State what can be concluded about the inheritance from the chi-squared value you have
calculated in (a). [3]

83



Topical Revision Package C
Core Idea 2

{c) Explain the difference between the expected and observed numberin the F2 progeny.  [4]

(d) Draw a genetic diagram to show the results of a cross between the F1 generation.

Use the symbols B and b to represent alleles for fur goloyr and D and d to represent the
alleles for hearing. [4]

[Total: 15]
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