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Answer all questions.

1. Himalayan balsam (Impatiens glandulifera) is a flowering plant. The invasive species was
introduced to the UK in 1839 and in many places, threatens biodiversity by outcompeting
native plant species

Image 1.1A and 1.1B show Himalayan balsam flowers at different stages of development.

© WJEC CBAC Ltd.

(a) (i) Brightly colored petals attract insects to the flowers.

Suggest one other feature, not visible in Images 1.1A or B, that may enable
these flowers to attract insect pollinations. [1]
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Himalayan balsam flowers have several stamens and a a single carpel. Early in the 
development of the flower, mature stamens cover an immature carpel. After producing pollen, 
the stamens degenerate and are absent by the time the carpel matures.

(ii) Use the information to describe how cross-pollination is ensured in Himalayan balsam.

[2]

(ii) Explain why cross-pollination is an advantage to a plant species colonizing a new
habitat.
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(b) Himalayan balsam fruit contains 4-14 seeds are dispersed explosively when the
fruit wall splits and curls.

Image 1.2 shows the development of Himalayan balsam after fertilization.

Image 1.2

(i) Structure X is part of the carpel. Identify structure X.

[2]

(ii) The primary endosperm nucleus becomes endosperm in the seeds of many
flowering plants.

State one function of endosperm in seeds.

[1]

[1]

(ii) Flowering plants use a process of double fertilization which produces a zygote
and a primary endosperm nucleus within the ovule.

Complete Table 1.3 by stating the structure of the seed that develop from the
structures within the ovule following fertilization.

Table 1.3

Structure within the ovule Structure of the seed

Zygote
.............................................................................................................................................

Outer integument
.............................................................................................................................................
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(c) Himalayan balsam plants grow in large numbers on land bordering rivers and canals,
ofter near pathways. Seeds are dispersed as a result of the fruit's explosive mechanism
which may disperse seeds up to six meters from the parent plant.

(i) With refrence to the habitat, suggest two additional methods by which
Himalayan balsam seeds may be dispersed. [2]

(ii) Explain why additional seed dispersal methods can be an advantage to this
species. [2]

13
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Guillemots (Uria aalge) are seabirds that live in large, densely populated colonies on sea cliffs
throughout the British Isles. Females lay a single egg on a cliff ledge. The chick is fed on small
fish caught by its parents until from the ledge four weeks after hatching.

Image 2.1 shows part of a Guillemot colony.

Image 2.1

Guillemots have two polymorphic feather patterns referred to as morphs, shown in 
Images 2.2A and 2.2B.

Image 2.2A Bridled morph  Image 2.2B Non-bridled morph
White ring and crescent patten Head is completely black / brown
around the eyes

2
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(a) The feather pattern around the eyes is the effect of a single autosomal gene. The allele
for the bridled phenotype is recessive.

(ii) Bridled and non-bridled morphs are equally likely to mate. Regional variation in
the frequency of bridled morphs exist in guillemot populations.
Thousands of guillemots nest on the crowded cliffs of the island of Westray
(Orkney Islands, Northern Scotland).
A survey found that 16% of the population had the bridled phenotype.

I. Use the Hardy-Weinberg equations below to calculate the frequency
of individuals that are heterozygous at this gene locus in the Westray
guillemot population. Show your calculations.

p + q = 1
p2 + 2pq + q2 = 1

(ii) State one reason why the Hardy-Weinberg principle can be applied to the
Westray guillemot population. [1]

(i) Define what is meant by the terms 'autosomal' and 'recessive'.      [2]

Autosomal

Recessive

Frequency of heterozygous individuals =

[4]
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(iii) In the UK, the frequency of bridled individuals is significantly higher in populations
living in a colder climate further north than in southern populations.

One theory suggest bridled birds possess a linked gene causing more aggressive
behaviour that delays mating during the breeding season. As a result, egg
laying and hatching take place later in spring or early Summer.

Use the information provided to:

I. state one resource, on land, for which guillemots complete during the
breeding season; [1]

II. suggest why a delay in mating provides a selective advantage for birds that
live further north [1]

(b) Scientist monitor the size and numbers of guillemots on Westray regularly. A large
number of adult birds are caught and their wingspan measured before being released.

Wingspan is measured across both wings, shown in Image 2.3.

Image 2.3
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Graph 2.4A and 2.4B show the wingspan distribution of adult male guillemots as a 
proportion of the population on Westray during July 2008 and July 2018.

Graph 2.4A July 2008

Graph 2.4B July 2018

(ii) Use Graph 2.4A and 2.4B to describe the change in the distribution of guilemot
wingspan on Westray between 2008 and 2018. [1]

(i) State the type of variation illustrated by Graph 2.4A.
Decribe how the genetic control of variation in wingspan differs from the gemetic
control of bridled feather pattern of guilemots.

Type of variation

Genetic control

[2]
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(iii) Sand eels (a stype of small fish) are a major food source for guilemots on Westray.

Between 2008 and 2018, the sand eel population decreased significantly.

Use your knowledge of natural selection to suggest how the decrease tin the sand eel
population may have resulted in the change in wingspan distribution between 2008 and
2018.

© WJEC CBAC Ltd.
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3. Human lice, Pediculus humans, are parasitic insects that feed by sucking blood through the
skin of their host and may contribute to the spread of some disease.

Image 3.1A and 3.1B show two subspecies of lice that live on humans.

Image3.1A  Image 3.1B
Head louse (P. humanus capitis) Body louses (P. humanus corporis)
Lives on hair on the scalp Lives on clothing

(a) Use the above information to explain how, over time, the two subspecies of Pediculus
could evolve into two separate species. [3]
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Human body hair became greatly reduced approximately 1.2 million years ago.
Existing population of P. humanus were then restricted to the hair on the scalp. Use of
clothing created a new habitat into which some individuals of P. humanus migrated.

The separated group became isolated from those living on the scalp. The resulted in the
divergence of two subspecies.
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(b) As the morphology of the two subspecies of Pediculus is similar, it is difficult to
distinguish between them. By comparing base sequences of DNA from head lice and
body lice, different subspecies can be identified accurately.

Both scientist could make comparisons, samples of DNA were amplified using the
polymerase chain reaction (PCR). This process was carried out for each subspecies
using apparatus known as a thermocycler.

The following were placed into a thermocyler:

- DNA sample
- Primers
- Free DNA nucleotides
- Taq DNA polymerase prepared in a buffer solution

Stages of this PCR method involved changing the temperature in the thermocycler as
follows:

Stage 1: 95oC for 30 seconds

Stage 2: 55oC for 30 seconds

Stage 3: 70oC for 45 seconds

These three stages were repeated for 30 cycles.

(i) Describe the effects of heating the DNA molecules to 95oC during stage 1.    [1]

(ii) I.  Describe the structure of a primer.

II. Explain the function of a primer within the PCR process.

Examiner
only

[1]

[1]
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(ii) Taq DNA polymerase is extracted from the bacterium Thermus auaticus, which
lives in hot springs.

Explain the reason for using DNA polymerase from this organism in the PCR
cycle.

(iv) Use the formua below to calculate the number of copies of DNA that should be
present in the thermocycler after 30 cycles of the PCR process if one molecule of
DNA was present at the start. Give your answer in standard form.

Number of copies of DNA = 2n.
where n = number of cycles.

Number of copies of DNA = ......................................... 

(v) After approximately 20 cycles, the production of DNA copies reaches a plateau.

Suggest one reason why the number of DNA copies may be fewer than expected
after the nmber of cycles used in this procedure.

(i) The genomes of both subspecies of Pediculus have been sequenced.
Expalain how this information migh be used to benefit present day human
population that may be affected by these parasites.

[1]

[2]

[1]

[1]

(c)
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Image 3.2 represents a timeline in human (genus Homo) history and shows the 
estimated time of divergence of the two subspecies of Pediculus.

Image 3.2

(ii) Scientist concluded that the origin of body lice can be corraleted with the use of clothing
by humans.
Use the information in Image 3.2 to:

I. explain one piece of evidence that supports this conclusion. [1]

II. suggest a reason for the long time period between reduction of body hair
and origin of body lice in human [1]
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5. The kittens in Image 4 are female twins. They possess identical DNA sequences because
they originated from the same zygote.
Their coat colorization is described as tortoiseshell, a combination of black and orange fur
color arranged in random patches.

Image 4

The gene that codes for this fur pigmentation is situated on the X chromosome.

Allele B codes for a pigment that produces black fur.
Allele O codes for a pigment that produces orange fur.

(a) (i) The parents of these twins have the following genotypes.

XBY  and XOXO

I. State the phenotype of the parent with the homozygous genotype.

II. Draw a genetic diagram to show the possible results of a cross
between the parents of the kittens shown in Image 4.

III. Use your genetic diagram to determine the probability that these two
parents will have offspring with the tortoiseshell phenotype.

[2]

Probability of offspring being tortoiseshell = ..........................................

[1]

[1]
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(ii) Explain why it is not possible to produce male tortoiseshell kittens.     [1]

(b) The kittens in Image 4 are describe as identical twins but their fur pattern not
identical.

Vary early in the development of female mammalian embryos, one of the X
chromosomes in each cell is inactivated.

After cell division, all the cells derived from that cells are affected in the same way.

In cats with the XB XO genotype, hair follicle cells in which:

XB is inactivated will produce orange fur,

XO is inactivated will produce black fur.

(i) Use the information provided to explain why the pattern of coat color is different
in each twin kitten.            [2]

(ii) The DNA of the inactivated X chromosome is coiled more tightly around
histone proteins.

Explain how this prevents gene expression.    [1]

(iii) Explain why the coat pattern of these two kittens can be describe as
epigenetic. [1]
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5 (a) Sickle cell disease is an inherited blood disorder caused by a mutation in the

gene on chromosome 11 that code for the β hemoglobin polypeptide.

In the normal allele (HBB), the sixth DNA base triplet is CTC. This codes for

the amino acid gluamate.

In the mutated allele (HbS), the sixth DNA base triplet is CAC. This codes for

the amino acid valine.

(i) State the name of the type of mutation that gives rise to HbS.

Sickle hemoglobin cause red blood cells to twist out of shape. These cells transport 

oxygen oxygen less efficient and break down sooner than normal red blood cells.

Images 5.1A and 5.1B show the shape of a normal and a sickle red blood cell as seen 

using an electron microscope.

Image 5.1A Normal red blood cell  Image 5.1B Sickle red blood cell

Repeated transfusions of normal red blood cells are used to treat people who 

have sickle cell disease. This requires large numbers of cells from blood 

donors with correctly matched blood groups.

(ii) Mature red blood cells cannot reproduce, so cannot be cultured in a

laboratory.
Explain why mature red blood cell cannot reproduce.

[2]
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