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1  Which structures are found in Tuberculosis mycobacterium?

1 708 ribosomes

2 808 ribosomes

3 Linear DNA {chromosomes)
4 Circular DNA

1and 2
fand4
2and 3

0 o W »

1,2and 3

2 Tests were performed on samples from a mixture of biclogical molecufes. When iodine in
potassium iodide solution was added to a sample, the mixture turned black. When the
biuret test was carried out on another sample, the mixture turned purple.

Which biclogical molecules were in the mixiure?
A amylase and starch

B celivlose and starch

Cc phospholipid and cellulose

D

starch and phospholipid

3 Collagen is a8 macromolecule with three polypeptides lying closely side by side in the
form of a triple helix.

Every third amino acid in each polypeptide has the shortest possible R-group or side
chain { ~- H) to allow close packing of the polypeplides.

Which is the amino acid?

A glucose
B glycerol
G glycine

P  guanine
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4 Which row shows two pairs of nucleotides formed during transcription?

o0 ® >

first base pair transcribed second base pair transcribed

bases number of bases number of
fydrogen bonds hydrogen bonds

AU 2 CG 2

AU 2 cG 3

AU 2 TU 2

AU 3 CG 2

§  Sickle cell anaemia is caused by a mulation in an allele of the gene that codes for the
B-globin polypeptide of haemoglobin.

The diagram shows the sequence of bases in a small section of the coding strand of
DNA for both the HbA {nomal) and HbS (sickle-cedl) B-globin alleles.

HhA: CTGACTCCTGAGGAGAAGTCT
HbS: CTGACTCCTGTGGAGAAGTCT

How will the mutation in the HbS allele result in the production of an altered version of
the B-globin polypeptide?

A

B
c
)

A tRNA molecule with the anticodon CAC will hydrogen bond to the altered

codon on mRNA.

All the amino acids coded for afier the mutation will differ from those in the HbA

protein,

mRNA transcribed from the HbS aflele will contain the codon CAC instead of

the codon CTC,

The ribosome will be unable to continue translation of the HbS mRNA after the

altered codon.

6  Which of the following about transcription is correct?

A

B
c
D

@ NJC 2019

DNA is synthesized in the 5' -» 3' direction.
RMA is synthesized in the 3’ -» 5’ direction.
The tempiate strand is read in & 3' > § direction.

The template strand is read in a 5 > 3’ direcfion.
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coli, the production of enzymes for trypiophan synthesis is carefully controlled

according to the organism’s metabolic needs. A mutation in the gene encoding the
tryptophan repressor has oceured, such that the repressor can bind DNA without the
CO-TEpressor.

What effect on enzyme production can be expected under this condition?

A

consfitutive, high-level enzyme production

high-ievel enzyme production in the absence of tryptophan, no activity in the
presence of tryptophan

no enzyme production in the absence of tryptophan, high-levet activity in the
presence of tryptophan

no enzyme production undar any conditions

8  Which of the following statements about RNA Splicing of a single pre-mRNA are
correct?

1

2

L= T - A

Alternative splicing controls the amount of gene products formed by having
different promoters.

Alternative splicing controls the type of gene products formed by having
different exons.

Different gene products can be formed at the same time within the sama celis.
Different gene products can be formed at different stages of an organism'’s life
cycle.

Different mRNA transcripts can be produced at the same time.

2 and 4 only
3and 5 only
1, 2 and 4 only
1, 3and 5 only

9  Which of the following about genetics of bacteria is correct?

O m

S NJC 2019

A bacteria cell can transfer DNA during conjugation when it has been infected by a
bacteriophage.

Binary fission allows for chromosomal and non-chromosomal DNA to be transferred.
inducible syslems in bacteria are regulated by positive control.
RNA polymerase binds to the operator for transcription to begin.
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10 The cell cycle includes mitosis.
Which are features of nuclear division?

1 forms cell of equal size to parent cell
2 forms genefically identical cells
3 semi-conservation replication of DNA

1,2and 3
1and 2 only
1and 3 enly

o O @ >

2 only

11 The photomicrograph shows cells in the different stages of mitosis.

In which order do these stages occur?

325225154
326212234
4332353132
43521233

o0 m >
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12 Exposure to which of the following increases the risk of developing cancerous growth?

o0 W »

UViight | viruses | carbon X-rays
monoxide Key
v v X Ny
7 X v, v, v Increases risk
X v v X X Does not increase risk
v X v X

13 Stem cells have active telomerase thal prevents chromosome shortening with every
DNA replication.

Which of the following describes the role of telomerase?

A

It acts as a buffer to prevent erosion of subtelomeric {segments of DNA betwaen
telomeric caps and chromatin} genes.

1t extends the parental DNA strand at the 3 end.

It lengthens the daughter DNA strand at the end of replication.

It prevents the end replication problem from occurring.

14 A single species evolves info several species which occupy different habitats.

What best describes this evolutionary process?

A

B
c
D

@ NJC 2019

adaptive radiation
divergent evolution
directional selection

mutation
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15 Which of the following increases variation within a gene pool?

A

B
C
D

chromosome inversion

gene mutation

reassortment of chromosome in meiosis

random fusion of gametes

16  Which of the following processes could still occur in a chloroplast in the presence of an
inhibitor that prevents H* from passing through ATP synthase complexes?

coOowm»

€ NJC 2019

W N -

tand 2
1and 4
2and 3
Jand 4

sugar synthesis
photolysis of water

transfer of electrons down the electron transport chain
oxidation of NADPH
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17 The diagram represents a filament of the green alga Cedogonium sealed in an airtight
chamber logether with axygen sensilive bacteria. The filament was illuminated by a
micro-spectrum of white light along the length of three cells. The motile oxygen-
sensitive bacteria distributed themselves along the cells as shown,

wpactrum of white light
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Which of the following best explains the distribution of the bacteria?

A

@ NJC 2019

The bacteria were distribuied according to the absorption spectrum of the
chiorophyii.

The centrat cell had been killed by the biue light and therefore could nof attract
bacteria.

The distribution of chlorophyll in the cells was uneven and this influenced the
bacteria.

The two end cells were dead and the bacteria were decomposing them.
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In an investigation, a culture medium containing glucose labelled with radioactive
carbon atoms was placed in a flask. A sample of animal cells was added to this
medium. The condifions in the flask at the start were anaerobic. Oxygen was later
bubbled through the medium. Samples of gas produced by the cells were tested for
radioactivity at regular intervals.

The graph shows the results.

radicactivity oxygen

introduced

time ———

What is the best explanation for the appearance of radioactivity in the gas produced
by the cells after oxygen was introduced?

A carbon fixation of RuBP

B decarboxylation of pyruvate
C  oxidation of reduced NAD
D  phosphorylation of ADP

12 Which of the following statement about anaerobic respiration is
correct?

A

B

© NJC 2018

Animals are unable 1o use lactate for the production of
ATP.

From one molecule of glucose, ethanol and lactate
production yield the same amounts of ATP.

Plant cells do not have mitochondria for ATP production
due to the presence of the chioroplast.

Yeast is able to respire ethanol for the production of ATP.

ST44/01/SH2H2 Biclogy/Prefiminaty Examinations [Tum over
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20 In birds, sex is determined by 8 ZW chromosome scheme, Males are ZZ and females are ZW,
A lethal recessive allele is sometimes present on the Z chromosome in pigeons.

What would be the sex ratio in the offspring of a cross between a male heterozygote and a
normal female?

A 1.1 male to female

8 1:2 male to female

C 211 male to female

D 3:1 male to female

21 Haemophilia is a rare genetic disorder in which the blood does not clot normally. The mutation
that causes haemophilia is located on the X-chromosome. The pedigree below shows the
inheritance of haemophilia in a family. Squares represent males while circles represent
females. Dark symbols represent affecled individuals.

"

3%

1 2

What is the probability that 2 son born to V-2 will be a haemophiliac?

A 05

B 025

C 0125
D 00625

@NJC 2019 9744/01/5H2/H2 Biology/Preliminary Examinations [TI.IITI over
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22  An experiment was carried out to investigate the release of glucose by liver celt
cultures under various conditions.

culture conditions observations
1 no addition of minimal glucose release
glucagon or caffeine
2 addition of glucagon, release of glucose into the media,
foliowed by its removal but rapid reduction in release after
glucagon was removed
3 addltion of caffeine minimal glucose release
4 addition of both glucagon release of glucose into the media,
and caffeine, followed by | but with slow reduction in release after
the removal of glucagon glucagon was removed

What could be deduced about the action of caffeine from the observations?

A caffeine binds to the active site of adenylyl cyclase
B caffeine inhibits the action of phosphodiesterase

C caffeine prevents the breakdown of glucagon

D caffeine stimulates the synthesis of adenylyl cyciase

23 A drug designed to inhiblt the response of cells to a lipid soluble signalling molecule
would almost certainly result in which of the following?

A adecrease in G-protein activity

B  adecrease in transcriptional activity of certain genes
C anincrease in receptor tyrosine kinase activity
D [ower cytoplasmic levels of cAMP

24 Which of the following cell types of the innate immune system does not perform
phagocytosis?

A neutrophils

monocyles

B
C  macrophages
0O all of the above

@ NJC 2019
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25 Al of the following are true of anligen EXCEPT which one of the following?

A They are protein in nature.
They can elicit an immune response.
They contain epitopes.

o0Om

They will react with antibodies.

26 Which of the following is a potential risk of vaccination?
1 severe side effects
2 attenuated virus used for vaccination may pose the risk of virulence in the patient
decreased herd immunity of the population
1 only
1and 2

1and 3
MNone of the above

o 0O0|e >

27 Cell-wall biosynthesis is inhibited by antibiatics by inhibiting the biosynthesis of
which of the following?

cellulose
liposaccharide

peptidoglycan
protein

o0 m >

28 Which of the following is not a characteristic of the dengue virus?

A Immunity to one serotype of the virus will lead to immunity 10 the other
serotypes.

B Itis spread by both Aedes aegytii and Aedes albopictus.
Source reduction is an important method to reduce the spread of the disease.
D  The spread of dengue has spread as far as Europe due to climate change,

4]
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29  Which of these is not an expected effect of climate change?

o OoOw

expanding glacier
extreme weather
fionding in coastal cities
sea level rising

30 Which of the following will be the least likely to be a direct result of the rise in water
level in oceans and seas due to meHed glaciers?

@ NJC 2019

A

B
c
D

desertification

destruction of infrastructure
destruction of humnan settlements
endangering of species

S744/01/SH2MH2Z BiologyPreliminary Examinations [Turn over
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Answer all the questions.

1 Fig. 1.1 below shows a section of a cell surface membrane.

Fig. 1.1

{a) (i) Name the structures labelled C and D.

C:
D: {2

(i) Describe three possible functions of the structure labelled A.

(3]

@ NJC 2019 9744/02/SH2/H2 Biology/Preliminary Examinations [Turn over
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(b) Listed below is the amino acid sequence that makes up the transmembrane
segment of structure B.

... le — Thr - Leu — lle — Tyr — Phe — Gly — Val — Met — Ala -
Gly - Val-lle- Gly— Thr-lle — Leu— Leu - lle — Ser— ...

Suggest why such an amino acid sequence would enable the protein to span the
membrane,

(3]

(¢) For hydrophilic molecules to enter a cell, they require the help of either carrier
proteins or channel proteins.

State which kind of membrane proteins can transport molecule at a faster rate and
give reasons to support your answer.

(4]

[Total: 12]
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2 (a) Many amino acids are needed to form the structure of a typical haemoglobin
molecule shown in Fig. 2.1.

Fig. 2.1

Briefly describe how the structure of haemoglobin is adapted for its function.

(3]

© NJC 2019 9744/02/SH2/H2 Biology/Preliminary Examinations [Tl.ll‘n over
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(b) Fig. 2.2 shows a three-dimensional model of an important signal molecule XDF in
glucose regulation. It is used to send signals to the cells of the Islets of Langerhans
to make insulin. XDF is a globular protein made up of 212 amino acids.

Fig. 2.2

{i) Explain what determines the three-dimensional shape of the XDF.

(3]

(ii) Suggest the consequence of the shape of XDF to its function, when
subjected to high pH treatment.

[2]

@NJC 2019 9744/02/SH2/H2 Biology/Preliminary Examinations [Turn over




(c) An experiment was carried out to monitor the changes in blood glucose level and
blood insulin level in a healthy individua! over a 12-hour period. Table 2.1 below
shows the resuits of the experiment.

@ NJC 2019

Table 2.1
time meal taken average blood insulin average blood glucose
level / units per 100 mi level / units per 100 ml
0800 Yes 10 100
1000 No 65 170
1100 No 10 110
1200 No 10 100
1300 No 10 100
1400 Yes 10 100
1500 No 70 165
1600 No 10 110
1700 No 10 100
1800 Yes 10 100
1900 No 70 180
2000 No 10 110
2100 No 10 100

With reference to Table 2.1, outline how biood insulin level is regulated in the body.

(4]

9744/02/SH2/H2 Biclogy/Preliminary Examinations
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3  Fig. 3.1 shows the eukaryotic chromatin in two states, A and B.

State A

State B

{a) (i) State the type of chromatin in state A and in state B.

A

B: (2]

(i) Using your knowledge of histone modification, describe the process that may
give rise to chromatin in state A

(4]

© NJC 2018 9744/02/SH2/H2 Biology/Preliminary Examinations [Turn over




BP~24

(b} Describe how the difference in the structure of DNA in state A and B affects
gene expression.

(2}

(c) Eukaryotic DNA has non-coding regions that do not get transcribed and some that
may be transcribed but not translated. One such example is the promoter

sequence.

Apart from the non-coding DNA involved in regulation of transcription, state and
describe the roles of three other types of non-coding DNA.

(6]

[Total: 14]
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4 (a} The electron micrographs below shows the organelles of a eukaryotic cell.

Fig. 4.1

Fig. 4.2

(i) Name the structures labelled A (Fig. 4.1) and B (Fig. 4.2).

A

(2]

@NJC 2018 9744/02/SH2/H2 Biology/Preliminary Exarinations [Turn over
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10

(i) State two similarities and two differences in the structural features of A and

(4]

(b) Fig. 4.3 is a scaled up image of Fig. 4.2 depicting a single organelle W. The
labelled arrows X and Y both represent a structural feature of W.

200X
magnification

Fig. 4.3

@ NJC 2019 9744/02/SH2/H2 Biology/Preliminary Examinations [Turn over
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The table below shows the protein composition of various areas in organelle W in

Fig. 4.3.
Table 4.1
labels Protein composition (%)
X 6
Y 21
Region between X & Y G
Inside W 67
Total 100

Using the information in Table 4.1 ahove, account for the

(i) abundance of protein inside organelie W.

(2]

(it} greater amount of protein in Y compared to X,

(3]

@ NJC 2012 9744/02/3H2/H2 Biology/Preliminary Examinations [Turn over
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12
(iii) Calculate the actual width of the organelle at the position marked by
line Z in Fig. 4.3.

You should show your working and use appropriate units.

(3]

[Total: 14]
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5 Growth and development in organisms is controlled by a number of mechanisms that
operate at the cellular level. The control elements involved in these mechanisms include

13

hormones, the second messenger molecule cyclic AMP and regulatory genes.

In eukaryotes the most important regulatory genes contain homeobox sequences and

are called homeotic genes.

The regulatory genes of the /ac operon in prokaryotes are studied to help us to
understand how regulatory genes and their products interact to switch structural genes

on and off.

(a) Use your understanding of the biochemical identity and interactions of these
control elements to compiete Table 5.1 by putting a tick (V) or a cross (X} in each

(b) RNA polymerase and DNA polymerase are both enzymes. RNA polymerase is
involved in the action of some controf elements, whereas DNA polymerase is not.

©@NJC 2018

product

box.
Table 5.1
control element | made of protein binds with a codes for a
protein protein
insulin v
cyclic AMP X
lac | gene v
lac O gene X
Homeotic gene X

Describe and explain the difference between the functions of these two enzymes.

(5]

9744/02{3H2/H2 Biology/Preliminary Examinations
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(c)

® NJC 2019

14

The control of the expression of the fac operon genes, which allow uptake and
digestion of lactose in the bacterium Escherichia coli, is well known.

Fig. 5.1 shows the arrangement of the elements of the /ac operon.

regulator
gene

-------

promoter 1 operator

-------

structural
gene £

-Mmt
gene Y

Fig. 5.1

Describe how genes Z and Y are switched on in bacteria that are moved to a
nutrient medium that contains lactose.

(3]

9744/02/SH2/H2 Biology/Preliminary Examinations
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6 (a) Fig.6.1represents part of a DNA molecule.

Fig. 6.1

(i) State the precise name of each of the parts of the DNA molecule
labelled X, Y, and Z.

X

Y:

Z (3]

(i) Describe how the DNA molecule replicates.

(5]
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(b) Explain why the mRNA molecule is shorter than a DNA molecule.

(2]

[Total: 10]
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7 Vaccination can protect against the infectious disease tuberculosis (TB).

{a) Define the terms:

{i) vaccination

(ii) infectious disease.

(2]

(b) TB is an important disease worldwide. Table 7.1 shows recent information about

TB cases reported during one year in six different countries.

Table 7.1
country region number of number of cases per
cases 100 000 population
Germany Europe 4000 5
India Asia 2300000 | 185
Japan Asia 27 000 21
South Africa | Africa 490 000 981
Swaziland Africa 15 000 1287
United Eurcpe 7900 13
Kingdom

@ NJC 2019
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With reference to Table 7.1, explain the advantage of calculating the number of
cases of TB per 100 000 poputation rather than stating the number of cases alone.

(2]

(c) Describe how a person may become infected with TB.

(3]

(d) Suggest why TB is more likely to be fatal in people who have HIV/AIDS than in
those who do not have HIV/AIDS.

(3]

[Total: 12]
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8 (a) Sometimes a gene has more than two alleles, termed multiple afleles.
The ABO blood group system in humans is controlied by a gene with three alleles,

I* 1B, and I°. Alleles |1* and I® are codominant and I° is recessive to both.

Explain what is meant by codominarice.

(3

(b} In humans, a gene that codes for the production of a protein, called factor VII, is
located on the X chromosome. The dominant allele for this gene produces factor
VI, but the recessive allele does not produce factor VIILI.

A person who is unable to make factor VIl has haemophilia in which the blood
fails to clot properly.

Explain why a man with haemophilia cannot pass haemophilia to his son but may
pass haemophilia to his grandson.

3]

© NJC 2019 9744/02/SH2/H2 Biology/Preliminary Examinatians [Turn over
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(c) A gene for feather colour in chickens is carried on an autosome. This gene has
two alleles, black (C®) and splashed-white (C%). When a male chicken with biack
feathers is mated with a female chicken with splashed-white feathers, all the
offspring have blue feathers. This also occurs when a male chicken with splashed-
white feathers is crossed with a female with black feathers.

" splashed-white
feathers

Fig. 8.1

Another gene may cause stripes on feathers (barred feathers). This gene is carried
on the X chromosome. The allele for barred feathers (X*) is dominant to the allele
for non-barred feathers (X?).

In chickens the male is homogametic and has two X chromosomes while the
female is heterogametic and has one X chromosome and one Y chromosome.

Fig. 8.2

@ NJC 2019 9744/02/SH2/HZ Biology/Preliminary Examinations [Turn over
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(i) A male chicken with black, non-barred feathers was crossed with a female
chicken with splashed-white, barred feathers. All the offspring had blue
feathers, but the males were barred and the females were non-barred.

Using the symbols given above draw a genetic diagram to show this cross.

(5]
(ii) Explain how a farmer could use a breeding programme to find out the
genotype of a maie chicken with blue, barred feathers.
(3]
[Total: 14]
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Section A
Answer all the questions in this section.

1 (a) Cyclin-dependent kinases (CDKs) are important cell-cycle regulators. To study
them, the gene can be amplified using polymerase chain reaction (PCR), and the
fragments ligated into cloning vectors.

PCR was used to amplify the CDK coding sequence using the following primers,
which were designed to incorporate restriction sites:

5. GAATTCATGGGGCC... - %

e

EcoRl sequence SamHi s ne
Fig. 1.1

() Name two restriction sites that the CDK coding sequence should not
contain.

{1}

(i) Suggest what additional feature the amplified gene must have to
enable the expression of the eukaryotic gene.

(1]

(iii) Outline three differences between prokaryotic and eukaryotic control of gene
expression.

(3]
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(iv) Suggest the advantage of designing primers that incorporate the restriction
site.

(2]

(b) Two of the amino acids that may be found in CDKs are shown in Fig. 1.2.

Ho T Lo y
NTETC, Ho 1 .0
H (I:Hz OH ,N“%”‘“C\
H OH
CH, CH,
CH
|2 Ly
CH, HO O
NH,
Lysine aspartate

Fig. 1.2

With reference to the amino acids in Fig. 1.2, explain the effect of extreme pH on
enzyme activity of CDKs.

(3]
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(¢) Enzymes can be found in cell cytoplasm as well as embedded on membranes of
the celi.

(i}  Suggest one important structural difference between intrinsic membrane-
bound enzymes and cytoplasmic enzymes.

(2]

(i) Explain the significance of the difference that you have stated in (i) to the
intrinsic membrane-bound enzymes.

(2}

(d) Fig. 1.3 shows the various stages of the cell cycle and how it is being regulated at
the various check points.

Important control points of the cell cycle lie at the end of the G2 phase (G2/IM
transition), in mitosis (metaphase/anaphase transition) and in G1 phase
(restriction point). Controls are shown in both solid and broken arrows.

Metaphass Control

Fig. 1.3
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Describe the function of metaphase control and how this may prevent the
development of cancer.

i3]

(e} Spindle fibres are polymers made from tubulin monomers. The removal of tubulin
monomers causes spindle fibres to shorten. Scientists investigated the effect of
the rate of tubulin removal on the speed of movement of chromatids during mitosis.
The resulits are shown in Fig. 1.4.

Speed of
movement of
chromatids

Rate of mubulin

e ]
removal

Fig. 1.4

(i)  Describe how these results support the role of spindle fibres in mitosis.

[2]
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(i)  Explain why drugs that stabilise microtubule structures are effective as
anti-cancer therapeutic.

(2]

() Leukemia is an uncontrolled proliferation of one type of white blood cell. One of
the most common form is chronic myelogenous leukemia (CML). In most cases of
CML, the leukemic cells share a chromosomal abnormality not found in any
leukemic white blood cells, nor in any other cells of the patient’s body.

This abnormality is shown in Fig. 1.5 where one chromosome 9 is longer than
normal and one chromosome 22 is shorter than normal.

22

Phl
@
o | 22
af}

Fig. 1.5 (a) above showing the banding Fig. 1.5 {b) above showing the longer

pattern on Normal Human chromosomes chromosome 9, and a shorter chromosome 22

9 and 22, which is known as the Philadelphia
chromosome (Ph?).
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The gene that is affected in CML is the bcr gene on chromosome 22.

In a normal cell, ber gene codes for the receptor fyrosine kinase, which receives
growth factor required for cell division.

; ! . ;

Ber-cabl hybrid protein s also a Receptor Tyrosine
kinase

* WWWMWMM&?WM&&
“constitutively a number of cell divisions that are otherwise

mumh e presence of growth factor

Fig. 1.6
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(i) Briefly describe the kind of mutation that occurs between chromosome 8 and
22 shown as process X in Fig. 1.6 that leads to the formation of Philadelphia
chromosome (Ph').

(1]

(i) Based on the high tyrosine kinase activity of the Ber-cabl hybrid protein,
explain whether bcr gene is considered a proto-oncogene or tumor
suppressor gene.

(2]

(iii) Describe three mechanisms by which oncogenes can arise.

(3]
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(iv)

Mutation of p53 gene was also commonly observed in these CML cells, This
additional mutation causes the rate of mitosis in these cells to increase
sharpiy.

Explain whether this is a dominant or recessive mutation.

{3]

{Total: 30]
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2  The spruce bark beetle feeds on and breeds in spruce trees. f a iarge number of
beetles are on a spruce tree, the tree will die. These dead trees will appear red
when viewed from the air.

Alaska has experienced recent changes in the number of spruce bark beetles. it
is thought that the number of beetles is affected by climate change.

Each year, the extent of damage to the woodland was estimated by measuring
the size of the ‘red area' from aerial photographs.

The drought index of the woodiand was also determined. A high drought index
indicates warm, dry conditions and low drought index indicates cool, moist
conditions.

The graphs below show the changes in ‘red area’, mean summer temperature
and drought index in Alaskan woodland, from 1930 to 2000.

e TR

Size of ed area’
/10 ha
8

sodimE Rl

Fia

1930 140 1950 1960 190 19D 1990 2000

2o jorig-term
: ean

Mean summer
temperature 7 °C

1930 1940 1950 260 1970 180 1990 2000
Year

Wi
P 51

a8
8

fong-term
mean

Drought index

1920 1940 1950 160 1970 1980 1950 2006

Fig. 2.1
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(a) Describe the changes in the size of the ‘red area’ from 1970 to 2000.

(2]

(b) Suggest why there is no data for the size of the ‘red area’ before 1970.

[1]

(c} Suggest why the number of spruce bark beetles is affected by temperature.

(2]

(d} Using the information in the graphs, describe the evidence for climate change
being responsible for the size of the ‘red area'.

(3]

[Total: 8]
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3 (a) The following boxes show the names of different stages that occur during meiosis.

12

Anaphase |

Metaphase ||

Anaphase 1|

Telophase li

Prophase |

Metaphase |

State the stage(s) in which the following events occur:

Independent assortment

Formation of the spindle apparatus

Separation of sister chromatids

Formation of nuclear membranes

Chromosomes pulled to opposite poles

(b) Meiosis is used in many organisms for the production of gametes.

Explain the importance of meiosis in the production of gametes.

©NJC 2019 9744/03/SH2/H2 Biclogy/Preliminary Examinations
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(c) Several days after fertilisation between gametes, the ball of cells becomes a
blastocyst. The diagram below shows a section through a blastocyst.

Fig. 3.1

(i) Identity the type and state of potency of the cells labelled X.

[]

(i) Explain what is meant by the state of potency identified in (¢)(i}.

[2]

[Total: 12]
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Section B
Answer one question in this section.
Your answers should be illustrated by large, clearly labelled diagrams, where appropriate.
Your answers must be in continuous prose, where appropriate.

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

4 (a) Explain the role of isolating mechanisms in evolution of new species. [15]
(b) Explain, using named examples, how mutation can affect phenotype.  [10]

[Total: 25]

5 (a) Describe how non-cyclic photophosphorylation produces ATP and [15]
reduced NADP, and outline the steps of the Calvin cycle.

(b) Outline the role of anaerobic respiration in both mammals and yeast [10]
cells.

[Total: 25]
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in humans, kidneys are the organs that remove waste products from the blood
and produce urine. Small, useful molecules such as glucose are also removed
from the blood in the kidney. Glucose must be reabsorbed into the blood so
that very little is lost in the urine.

The concentration of glucose in urine can be estimated in order to check that
the kidneys are working.

You will not be testing real urine. You will be testing solutions that represent
urine and will be referred to as “mock urine”.

You are required to test each of three samples of mock urine for the presence
of glucose. These represent samples taken at different times from the same
person.

You are provided with:

labelled contents hazard Volume / cm?®

u1 mock urine none 20

U2 mock urine none 20

U3 mock urine none 20

Benedict’'s Benedict's none 20
solution

G 2% glucose none 20
solution

w distilled water none 20

If Benedict’'s comes into contact with your skin, wash off immediately under

running water. It is recommended that you wear suitable eye protection.
Read step 1 to step 7 before proceeding.

Proceed as follows:
1. Set up a water-bath and heat to boiling for use in step 6.

2. Put 2 cm?® of U1 into a test-tube.
3. Put 2cm? of Benedict's solution into the same test-tube.
4. Shake the test-tube gently to mix contents.

5. Repeat step 2 and step 4 for U2 and U3.

6. Put ali three test-tubes into the water-bath you prepared in step 1 and

immediately start timing.

7. Record in {a)(i} the time taken to the first colour change for each tube
and record the final colour at 90s. After 90s, remove each of the test-

tubes from the water-bath. If there has been no colour change during
the 90s, record the time to the first colour change as “more than 90".
You should still record the final colour at 90s.

© NJC 2018 9744/04/SH2/H2 Biology/Practical Examination
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{a) (i) Record your results in an appropriate table.

(4]
{i)  Use your results in (a)(i) to state which of U1, U2, and U3, do not contain glucose.

(i) State how you will use your results in (a){i) to identify which of U1, U2, and U3, has

the highest concentration of glucose.

(iv) State which of U1, U2, and U3 has the highest concentration of glucose.
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If the sample with the highest concentration of glucose is more than 0.5%, then
this may mean that a kidney is not working.
You are required to estimate the concentration of glucose in the sample stated in
(a)(iv) by

» Preparing 10 cm? of a 0.5% glucose solution

¢ Carrying out a Benedict's test on the 0.5% glucose solution

» Using your resuits to estimate the concentration of glucose in the sample

stated in (a)(iv).

{v)  You are provided with a 2% glucose solution, G.
Complete Table 1.1 to describe how G could be diluted to produce 10 cm® of a

0.5% glucose solution.

Table 1.1
final percentage volume of 2% glucose | volume of distilled
concentration of solution / cm?® water, W / cm?
glucose
0.5

[1]

(vi) State one variable that must be standardized when carrying out the Benedict's test,
to aliow you to make a valid comparison between the results collected in (a)(i} and
the result you will collect for the 0.5% glucose solution that you have prepared.

8. Prepare the 0.5% glucose solution as shown in Table 1.1 in the sampie

tube provided.

9. Repeat the Benedict's test with the 0.5% glucose solution and the sample
stated in {a)(iv).

10. Record in (a)(vii) the time taken to the first colour change. After 90s,

remove the test-tubes from the water-bath.
If there has been no colour change during the 90s record the time to the
first colour change as ‘more than 90°.

(vii) Record your results in an appropriate table.

(2]
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(viiil) Use your results from (a)(vii) to complete Table 1.2 by using one tick (v) to show

your estimate of the concentration of glucose in the sample stated in (a)(iv).

Table 1.2

percentage concentration of glucose in mock
urine sample/%

estimate tick (v)

below 0.5

0.5

above 0.5

[

(ix) This procedure enabled you to estimate the concentration of glucose in the mock

urine sample.

Suggest how you would improve this procedure to find a more accurate estimate

of this concentration.
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(i)

6

Fig. 1.1 is a photomicrograph of a stained transverse section through an animal
organ. This organ is used to transport urine from the kidney to the bladder.

Fig. 1.1

You are not expected to be familiar with this specimen.

Use a sharp pencil for drawing.

Draw a large plan diagram of half of the organ in Fig. 1.1, shown by the shaded
area in Fig. 1.2.

draw this half

Fig. 1.2
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You are expected to draw the correct shape and proportions of the different tissues.

[3]
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(i)  You are provided with a sample slide of a bladder wall showing the transitional
epithelium. Fig. 1.3 shows the position of the transitional epithelium.

Teanskionol
Bpithetin

Laming progeig

Smosth muscke

Fig. 1.3

Determine the thickness of the transitional epithelium at high power.
Show your working.

You are not expected to be familiar with this specimen.

2]

[Total: 20]
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Question 2 starts on page 10
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2 You are going to investigate the respiration rate in a particular seedling species and relate
this to the age of the seedling.

In this experiment the respiration rate of seedlings can be monitored by the rate of absorption
of oxygen, carbon dioxide is absorbed by soda lime within the apparatus.

Take care. Do not remove the soda lime from the syringe as it is corrosive and will
burn your skin.

Diagram: soda lime

o8k

germinating ga\u/ze capiltary tube  drop of coloured
seeds liquid

rubber tubing

é;Lr L iy

BN E—

>

Remove the plunger from the syringe.
2. Take 3 two-day old seedling, carefully remove and discard its seed coat.

Introduce the two-day old seedlings into the syringe between the soda lime and the
plunger.

Connect the capillary tube to the syringe via the rubber connecting tube.

5. Holding up the whole apparatus, dip the free end of the capillary tube into the vial of
coloured water such that a small drop of coloured water is introduced into the end of the
capillary tube. (There is no need to pull the plunger of syringe)

6. Wipe excess colored water from outer surface of the capillary tube. The size of the drop
of coloured water in the capillary tube is not important as long as it can be seen clearly.

7. Place the respirometer horizontally on the separate piece of graph paper which you
have been provided.

Leave the seedlings alone for 1 minutes for it to acclimatize to the environment.

Adjust the drop of coloured water to the start of the scale (by moving the strip of graph
paper)

10. Start a stop watch.

11. Measure the movement of the drop of colored water for 3 minutes.

12. immediately after you have recorded your results, detach the syringe from the capillary
tube by pulling gently from the rubber connecting tube. Using an empty 5 cm? syringe,
pump air through the capillary tube to push out all the coloured water within the capillary
tube onto a piece of filter or blotting paper {do not use water to flush the capillary tube).

13. Repeat step 1 to 12 with another set of seedlings of the same age-group.
14. Repeat the experiments with one-day old seedlings.
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15. Use the space below to record in standard units of measurement, your results.

[5]

16. Weigh each of the set of seedlings that were used and record their masses.

[2]
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17. Using your data from step 15 and 16, account for the trends observed.

18. Predict the trend of results, should the experiment be carried out for three-day old

seedlings and five-day old seedlings. Explain your predictions. (At five days, seedlings
usually start to sprout small leaves)

Three-day old seedlings:

............................................................................................................... [2]
Five-day old seedlings:
............................................................................................................. 2]
19. identify one source of error in the procedure.
............................................................................................................... [1]
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20. A more complex apparatus for measuring respiration is shown below. Glass beads of
same mass as the seedlings are added into a metal cage in setup A, before the start of
the experiment,

Explain two ways in which this apparatus is significantly more accurate than the one
used in this experiment.

[Total: 20]
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Question 3 starts on page 15
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3 The Java Rhino is one of the rarest animals in the world. It is estimated that only 60
of them are known to exist.

A few of them have been successfully bred in captivity and released in a wildlife
sanctuary in Sumatra.

A baby Java Rhino has been found smuggled in one of the shipping containers by the
customs officers. Plan an investigation to verify if the Java Rhino was one that was

bred in captivity and released to the Sumatran wildiife sanctuary or poached from the
wild.

Your planning must be based on the assumption that you have been provided with the
following equipment and materials.

» tissue samples (epidermal) from the Java Rhino provided by the customs and
a known Java Rhino from the wildlife sanctuary in Sumatra.

e pestle and mortar

o DNA extraction buffer solution

e glass rods

¢ microcentrifudge tubes

+ restriction enzyme

» agarose gel plate

» suitable source of electrical current

» radioactive probe

s nitrocellulose membrane

s autoradicgraphy equipment.

Your plan should have a clear and helpful structure to include

s an explanation of the thecry to support your practical procedure

o a description of the method used, including the scientific reasoning behind the
method

+ the type of data generated by the experiment

» how the results will be analysed including how the origin of the organism can
be determined. '

[Total: 15]
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