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Section A
Answer all questions in the spaces provided.

1 Fig. 1.1 shows the reproductive organs of a man who has had part X cut and tied in a
surgery known as vasectomy.

Fig. 1.1

(a) State two products of organ G.

2 e, 2]

(b) Name part X and explain how cutting and tying of part X means for the fertility of this
man.

EXPlaANAt ON
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(c) A patient was diagnosed with varicocele, a condition characterised by the

enlargement of veins within the scrotum due to malfunctioning valves inside the
testicular veins.

Suggest and explain how varicocele might affect the sperm production and quality.

[Total: 9]
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2 (a) Explain how the human gas exchange system is protected against pathogens.

................................................................................................................ [3]
(b) Tuberculosis (TB) is an infectious disease caused by a bacterial pathogen. The

spread of this disease can be controlled by vaccination.

Explain how vaccination provides a defence against infectious diseases.

................................................................................................................ [3]
(c) TBis a disease that can be treated with antibiotics.

Explain why viral diseases cannot be treated with antibiotics.

................................................................................................................ [2]

[Total: 8]
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3 The blood flow through the skin of some volunteers was measured with a flow-meter
when their skin was exposed to different temperatures.

Capsaicin is a compound that gives people the sensation of feeling hot when it is put on
the skin similar to how the skin would feel warm after touching something hot like a warm
cup of tea because it activates the same nerves that detect heat. Researchers applied
capsaicin to the skin of the volunteers and again measured the blood flow through their
skin at different temperatures.

Fig. 3.1 shows the results.
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Fig. 3.1

(@) Use the information in Fig. 3.1 to describe the effect of increasing the temperature of
the skin surface on blood flow to the skin without capsaicin.
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(b) Explain the mechanism that increases blood flow through the skin.

................................................................................................................ [3]
(c) State the difference between the average blood flow for the treatments (with and

without capsaicin) at 35°C.

........................... % [1]

(d) The researchers thought that capsaicin stimulated cells in the skin.

Explain the process by which capsaicin could reach these cells.

................................................................................................................ [3]
(e) Body temperature is controlled by both hormones and nerves.

Explain how co-ordination by hormones differs from co-ordination by nerves.

................................................................................................................ [2]

[Total: 12]
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4 Maple syrup urine disease (MSUD) is a rare inherited human condition caused by
mutation. MSUD is caused by a recessive allele.

MSUD is usually diagnosed in early childhood and can be controlled by having a low
protein diet.

Fig. 4.1 shows the inheritance of MSUD in one family.
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Fig. 4.1

(@) (i) Describe what is meant by mutation.

....................................................................................................... [1]
(ii)  State the name of one factor which increases the rate of mutation.
....................................................................................................... [1]
(iii) State one piece of evidence from Fig. 4.1 which shows that MSUD is a
recessive condition.
....................................................................................................... [1]
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(iv) Persons 7 and 8 in Fig. 4.1 are expecting a fourth child.

Determine the probability that the child will have MSUD by completing the
genetic diagram.

Use the symbol N for the dominant allele and n for the recessive allele.

father X mother
genotypes
of parents

gametes i s e i

genotypes
OF OffSpring  ©7"""" ' T e s
phenotypes
of offspring

Probability that the child will have MSUD: .......................... % [4]

(b) Fig. 4.2 shows chemical reactions involved in the normal breakdown of some types
of amino acid inside body cells.

A person with MSUD cannot make Enzyme 2. This leads to the accumulation of
amino acids in the blood and urine, giving the urine a characteristic sweet smell.

some amino acids

Enzyme 1
toxic substance P ammonia
I \
Enzyme 2 Other Enzymes
v v
harmless products urea
Fig. 4.2

(i) One of the final products shown in Fig. 4.2 is urea.

Which part of the human body are the reactions shown in Fig. 4.2 is most likely
to occur?
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(ii)  Scientists can analyse urine samples to see if a person has MSUD.

Explain why the urine of a person with MSUD will have high concentration of
toxic substance P.

(iii) Explain why a person with MSUD must have a low-protein diet.

[Total: 13]
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5 Fig 5.1 shows the codon chart.

Second Base
U C A G

Phenglalanine | Serine Tyrosine Cysteine V)

U Phenylalanine | Serine Tyrosine Cysteine (o

Leucine Serine sToP sTOP A

Leucine Serine STOP Tryptophan | G
qu_; Leucine Proline Histidine Arginine U 5"—
S c Leucine Proline Histidine Arginine CI5
e Leucine Proline Glutamine Arginine A&
-0‘3 Leucine Proline Glutamine Arginine G g
- Isoleucine Threonine Asparagine | Serine Ulon
L A Isoleucine Threonine Asparagine Serine C @

Isoleucine Threonine Lysine Arginine A

Methionine Threonine Lysine Arginine G

Valine Alanine Aspartic Acid | Glycine 1]

G Valine Alanine Aspartic Acid | Glycine C

Valine Alanine Glutamic Acid | Glycine A

\aline Alanine Glutamic Acid | Glycine G_

Fig. 5.1

The sequence of bases on the transcribed strand of a DNA molecule is shown:

TTGTGCAGGAGTC
(@) (i) Write the sequence of bases on the corresponding strand of the mRNA
molecule.
....................................................................................................... [1]
(ii)  With reference to the codon table, write down the corresponding amino acid
sequence of the polypeptide based on the mRNA sequence in (a)(i).
....................................................................................................... [1]
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(b) Fig. 5.2 shows a section through a villus in the small intestine.

A change in the amino acid sequence due to a single nucleotide change in the
MRNA sequence affects the production of a transporter protein responsible for the
absorption of amino acids from the small intestine.

(i) With reference to Fig. 5.2, predict and explain which part of the villi would be
affected by the transporter protein.

....................................................................................................... 2]

(ii)  Athree-year-old patient was recently diagnosed with a deficiency in pancreatic
enzymes, specifically those responsible for the digestion of dietary proteins in
the small intestine. As a result, the patient suffers from poor absorption of
amino acids, leading to stunted growth and poor muscle development.

Using the lock and key hypothesis of enzyme action, explain why the patient

has low levels of amino acids and how this deficiency contributes to the
symptoms of stunted growth and poor muscle development.

[Total: 8]
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6 Fig. 6.1 shows part of a cross-section of the stem of a young sunflower plant.

area'Y

Fig. 6.1

(a) Draw a circle around one vascular bundle on Fig. 6.1
Label the xylem in the vascular bundle with the letter X. 2]

(b) Explain how the cells in area Y are able to support the stem so that it stays upright.
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(c) Researchers used carbon dioxide that contained a traceable source of carbon (°C)
to investigate translocation of sucrose from the leaves of bean plants, Phaseolus
vulgaris.

Fig. 6.2 shows that glucose produced in photosynthesis is converted to sucrose for
translocation.

carbon dioxide — glucose ———® sucrose
Fig. 6.2

Researchers selected four plants, Q, R, S and T, which had leaves that were of
similar sizes. The leaves on the four plants were supplied with *CO..

After the leaves had started to make sucrose, the researchers cut away a ring of
tissue in different places as shown in Fig. 6.3. The rings of tissue that were removed
from plants R, S and T contained phloem.

Q R S T

4 W

;\

[
13cO, 130, ﬂ 130, 130,

WowW W W

Key: — the positions on the stems where rings of tissues containing phloem were removed.

Fig. 6.3

The quantities of sucrose containing '*C in the shoot tips and in the roots were
determined. The results are shown in Table 6.1.

Table 6.1
olant quantity of sucrose containing '*C/arbitrary units
shoot tip root
Q 3.24 0.94
R 0.00 0.44
S 4.14 0.00
T 0.00 0.00
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Describe and explain the effect of removing the phloem on the translocation of
sucrose in plants Q, R, Sand T.

[Total: 10]
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7 Pulmonary edema is a condition where fluid accumulates in the lungs, making it difficult to
breathe. In recent years, doctors have seen increasing cases of pulmonary edema

especially in young adults.

Table 7.1 shows the partial pressure of oxygen levels in patients with pulmonary edema.

Table 7.1

time (hours)

12

24

48

Partial
pressure of
oxygen
levels
(mmHg)

75

70

65

60

55

(@) (i) Plot a graph of these data.

(ii)  Describe the trend shown by the data in your graph.

CHR 2024 / Biology
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(b) Accumulation of fluid in the alveoli occurs in patients suffering from pulmonary edema.

Explain how the structure of the alveolus is adapted for efficient gas exchange.

[Total: 10]
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Section B

Answer one question from this section.

8 A scientist studied communities in different parts of a desert and estimated the biomass of
the organisms in each area.

He divided the organisms into four groups according to their roles in the food web as
shown in Table 8.1.

Detritivores are animals that eat dead organisms or parts of organisms.

Table 8.1
groups of organisms in the food web biomass / g per m?
producers 480
herbivores 220
detritivores 120
carnivores 40

Some of these results are shown as a pyramid of biomass in Fig. 8.1.

herbivores and detritivores
1
producers

Fig. 8.1
(@) Use the information in Table 8.1 to complete the pyramid of biomass in Fig. 8.1. [2]

(b) The scientist observed the detritivores and decided to include them with herbivores
in this pyramid of biomass.

Suggest what the scientist discovered about the detritivores that made him make this
decision.
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(c) Calculate the percentage of biomass lost between producers and herbivores.
Give your answer to the nearest whole number.

Show your working.

(d) Explain why there are rarely more than four or five trophic levels in ecosystems.

(e) Explain the advantages of presenting information about food webs as a pyramid of
biomass and not as a pyramid of numbers.

[Total: 10]
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9 A congenital heart defect (CHD) is a structural abnormality of the heart that is present at
birth. These defects can involve the heart’s walls affecting the normal flow of blood through
the heart and to the rest of the body.

Fig. 9.1 shows a fetal heart with an opening in the septum between the ventricles.

holes in
septum

septum

Fig. 9.1

(@) Name structure Q.

(b) The holes in the fetal heart naturally close at birth. However, in a small percentage of
babies, the holes do not close. These babies may have faster breathing rates and get
tired out during attempts to feed.

With reference to blood pressure and direction of blood flow in the ventricles, explain
why the holes in the heart of these babies lead to these symptoms.
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(d) Table 9.1 presents the survival rates over a period of five years for children with CHD
comparing to those who receive no treatment to those undergoing surgical
intervention.

The year indicates the time in years since the initial diagnosis or intervention.

Table 9.1
year untreated CHD | surgical intervention
survival rate (%) survival rate (%)
1 95 99
2 90 98
3 85 97
4 82 96
5 80 95

Using Table 9.1, describe the differences in children with CHD between those who
receive no treatment to those undergoing surgical intervention.

Suggest a reason for the differences.

(e) In severe cases where CHD cannot be corrected by other means, a heart transplant
may be carried out. However, the success rate for heart transplants is relatively low.
Explain why a heart transplant may not be successful.

End of Paper
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