1.
(a)
Explain the meaning of the term speciation.

……………………………………………………………………………………………

……………………………………………………………………………………………

……………………………………………………………………………………………

……………………………………………………………………………………………

(2)

(b)
Using suitable examples, explain how sympatric speciation differs from allopatric speciation.

……………………………………………………………………………………………

……………………………………………………………………………………………

……………………………………………………………………………………………

……………………………………………………………………………………………

……………………………………………………………………………………………

……………………………………………………………………………………………

……………………………………………………………………………………………

……………………………………………………………………………………………

(4)

(Total 6 marks)

2.
Seaweeds found in the tidal regions around coastlines are often described by reference to their colour. An investigation of photosynthesis was carried out in a green seaweed (Ulva sp.) and a red seaweed (Mastocarpus sp.).


The rate of photosynthesis was measured as the volume of oxygen produced per gram of seaweed per hour, and was recorded for each of the seaweeds in both white light and green light.


The results are shown in the table below.

	
	Rate of photosynthesis /mm3 O2 g–1 h–1

	Species
	White
light
	Green
light

	Ulva
	130
	77

	Mastocarpus
	31
	30


(a)
Ulva contains more chlorophylls (green pigments) than carotenoids (red pigments). Mastocarpus contains more carotenoids than chlorophylls. Explain how the data show that this affects the wavelength (colour) of light that can be absorbed by the seaweeds for use in photosynthesis.

……………………………………………………………………………………………

……………………………………………………………………………………………

……………………………………………………………………………………………

……………………………………………………………………………………………

……………………………………………………………………………………………

……………………………………………………………………………………………

……………………………………………………………………………………………

……………………………………………………………………………………………

(4)

(b)
A student prepared an extract of the pigments from a sample of Ulva. Describe how she could use chromatography to separate the pigments in the extract.

……………………………………………………………………………………………

……………………………………………………………………………………………

……………………………………………………………………………………………

……………………………………………………………………………………………

……………………………………………………………………………………………

……………………………………………………………………………………………

……………………………………………………………………………………………

……………………………………………………………………………………………

(4)

(Total 8 marks)

3.
Chalk grassland is found in Southern England. This habitat has a high biodiversity of low growing grasses and other plants which support many animals, especially invertebrates such as butterflies.


Chalk grassland is maintained by grazing animals such as rabbits and sheep. During the 1950s more than 90 per cent of the rabbit population in Britain was wiped out by the viral disease myxomatosis. In the years following the population crash, there were changes to the grassland habitat. These changes led to the loss of animal species. The silver spotted skipper (Hesperia comma) is a rare butterfly that is found on chalk grassland. Its decrease in numbers over the last 50 years has matched the decline in the traditional grazing management of grassland.


The silver spotted skipper depends on a grass called sheep’s fescue (Festuca ovina). The grass needs to be relatively short in order to attract the egg-laying females. The butterfly also likes patches of bare ground that are produced by rabbits. Conservation organisations are attempting to increase the population by managing the grassland in a way that suits the butterfly.


The table below shows the percentage cover of several chalk grassland species in an area of chalk grassland that had been fenced to prevent grazing by rabbits and in an adjacent area that was unfenced.

	Species of plant
	% cover

	
	Ungrazed grassland (fenced)
	Grazed grassland (unfenced)

	Bee orchid
	0
	1

	Birdsfoot trefoil
	5
	2

	Quaking grass
	8
	5

	Sheep’s fescue grass
	75
	80

	Stemless thistle
	0
	2

	Upright brome grass
	12
	3

	Bare ground
	0
	7



The mean height of the grasses was also recorded as shown below.

	
	Ungrazed grassland (fenced)
	Grazed grassland (unfenced)

	Mean height of grasses / cm
	21 
	6 


(a)
Describe and explain the effect of grazing on the composition of the chalk grassland.

……………………………………………………………………………………………

……………………………………………………………………………………………

……………………………………………………………………………………………

……………………………………………………………………………………………

……………………………………………………………………………………………

……………………………………………………………………………………………

……………………………………………………………………………………………

……………………………………………………………………………………………

(4)

(b)
Describe the effect of grazing on the mean height of the grasses and explain how this would help the silver spotted skipper.

……………………………………………………………………………………………

……………………………………………………………………………………………

……………………………………………………………………………………………

……………………………………………………………………………………………

(2)

(c)
Explain the long-term changes that would occur to an area of grassland if grazing
animals were permanently removed.

……………………………………………………………………………………………

……………………………………………………………………………………………

……………………………………………………………………………………………

……………………………………………………………………………………………

(2)

(d)
Chalk grassland is a type of habitat that is covered by the European Union Habitats Directive. Explain the aims of this directive.

……………………………………………………………………………………………

……………………………………………………………………………………………

……………………………………………………………………………………………

……………………………………………………………………………………………

(2)

(Total 10 marks)

4.
The diagram below shows the structure of a cell of the yeast Saccharomyces cerevisiae.
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(a)
Calculate the maximum diameter of the vacuole shown in the diagram.

Answer = ......................................

(2)

(b)
Using evidence from the diagram, explain why this yeast is considered to be a eukaryotic organism.

……………………………………………………………………………………………

……………………………………………………………………………………………

……………………………………………………………………………………………

……………………………………………………………………………………………

……………………………………………………………………………………………

……………………………………………………………………………………………

(3)

(c)
Genetically modified yeast cells are used to make chymosin for making cheese.
Describe how each of the following enzymes may be used in the production of the genetically modified yeast cells.

(i)
Reverse transcriptase

………………………………………………………………………………………

………………………………………………………………………………………

………………………………………………………………………………………

………………………………………………………………………………………

(2)

(ii)
DNA ligase

………………………………………………………………………………………

………………………………………………………………………………………

………………………………………………………………………………………

………………………………………………………………………………………

(2)

(d)
Describe the role of yeast in the production of the fuel gasohol.

……………………………………………………………………………………………

……………………………………………………………………………………………

……………………………………………………………………………………………

……………………………………………………………………………………………

……………………………………………………………………………………………

……………………………………………………………………………………………

(3)

(Total 12 marks)

5.
Huntington’s disease is a genetic disease that is caused by a defect in the huntingtin protein. The disease causes the degeneration and death of neurones. It is an unusual disease as it is caused by a dominant allele. However, the symptoms of the disease do not appear until a person is between 30 and 50 years of age.

(a)
The diagram below shows a family tree in which the Huntington’s disease phenotypes
are shown for the family members.
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(i)
Using the symbols H to represent the dominant allele and h for the recessive allele, indicate the genotypes of the following family members.

Member A ...........................

Member B ...........................

Member C ...........................

Member D ...........................

(2)

(ii)
The disease does not show itself until the sufferer is 30 years of age or older.
Suggest why this is a problem in preventing the inheritance of the disease.

………………………………………………………………………………………

………………………………………………………………………………………

(1)

(b)
The disease is associated with a repetitive sequence of nucleotides, CAGCAGCAG, near the start of the huntingtin gene. The triplet CAG codes for the amino acid glutamine. People with 40 or more glutamines at the start of the huntingtin protein will suffer from the disease but people with 30 or fewer do not.


Suggest ways in which a normal huntingtin gene could be changed into the defective form.

……………………………………………………………………………………………

……………………………………………………………………………………………

……………………………………………………………………………………………

……………………………………………………………………………………………

(2)

(c)
Research shows that the defective protein binds to an enzyme which is involved in the process of transcription. This results in a reduced level of gene transcription.


Suggest how the defective protein could inhibit the functioning of the enzyme.

……………………………………………………………………………………………

……………………………………………………………………………………………

……………………………………………………………………………………………

……………………………………………………………………………………………

……………………………………………………………………………………………

……………………………………………………………………………………………

(3)

(Total 8 marks)

6.
The diagram below shows the structure of a chromosome during mitosis.
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(a)
Name the structures A and B.

A ........................................................................................................................................

B .........................................................................................................................................

(1)

(b)
The chromosomes that become visible during mitotic division can be identified and arranged into pairs. This arrangement is called a karyotype. The diagram shows a human karyotype.
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(i)
Using the information shown on the karyotype, state the sex of the person from which the karyotype was taken.

………………………………………………………………………………………

(1)

(ii)
The karyotype indicates that the person has a particular disorder. Give the name of this disorder and explain your answer.

………………………………………………………………………………………

………………………………………………………………………………………

………………………………………………………………………………………

(2)

(iii)
Explain how the behaviour of the chromosomes during meiosis I could have produced the chromosomes shown in this karyotype.

………………………………………………………………………………………

………………………………………………………………………………………

………………………………………………………………………………………

………………………………………………………………………………………

………………………………………………………………………………………

………………………………………………………………………………………

………………………………………………………………………………………

………………………………………………………………………………………

(4)

(Total 8 marks)

7.
One of the biggest breakthroughs in the treatment of infertility in humans was the development of the ‘test tube baby’ technique, or as it is more correctly known in vitro fertilisation (IVF). This process involves the fertilisation of the egg outside the body in a Petri dish, followed by the implantation of the embryo into the uterus.


The woman is given FSH and LH in order to stimulate the development of a number of ovarian follicles. This is referred to as superovulation. Just before ovulation, a doctor harvests the secondary oocytes surgically. They are mixed with sperm in a Petri dish where fertilisation takes place. Once several cell divisions have taken place, the embryo is placed inside the woman’s uterus. Often a fertility clinic implants two or three embryos to increase the chance of a successful pregnancy.

(a)
Describe the roles of FSH and LH in the menstrual cycle.

……………………………………………………………………………………………

……………………………………………………………………………………………

……………………………………………………………………………………………

……………………………………………………………………………………………

……………………………………………………………………………………………

……………………………………………………………………………………………

(3)

(b)
The table below shows the percentage success rates of women of different ages becoming pregnant and giving birth following IVF treatment.

	Age / years
	Percentage success rate

	
	Becoming pregnant
	Giving birth

	<25
	48.0
	44.0

	25–29
	47.5
	37.7

	30–34
	46.9
	32.7

	35–37
	38.8
	26.9

	38–40
	30.4
	16.7

	41–43
	18.8
	6.3


(i)
Describe how the percentage success rates for becoming pregnant and giving birth after IVF treatment change with age. Suggest reasons for the changes you have described.

………………………………………………………………………………………

………………………………………………………………………………………

………………………………………………………………………………………

………………………………………………………………………………………

………………………………………………………………………………………

………………………………………………………………………………………

(3)

(ii)
Suggest why the success rate for giving birth is lower than the success rate for becoming pregnant.

………………………………………………………………………………………

………………………………………………………………………………………

………………………………………………………………………………………

………………………………………………………………………………………

(2)

(c)
Sometimes errors are made in the IVF process and the wrong sperm is used to fertilise the egg. Describe the technique of genetic fingerprinting and explain how it could be used to confirm the identity of the father of the baby.

……………………………………………………………………………………………

……………………………………………………………………………………………

……………………………………………………………………………………………

……………………………………………………………………………………………

……………………………………………………………………………………………

……………………………………………………………………………………………

……………………………………………………………………………………………

……………………………………………………………………………………………

(4)

(Total 12 marks)

8.
Describe the structure of glycogen and explain its role in the body.

…………………………………………………………………………………………………….

…………………………………………………………………………………………………….

…………………………………………………………………………………………………….

…………………………………………………………………………………………………….

…………………………………………………………………………………………………….

…………………………………………………………………………………………………….

…………………………………………………………………………………………………….

…………………………………………………………………………………………………….

…………………………………………………………………………………………………….

…………………………………………………………………………………………………….

…………………………………………………………………………………………………….

…………………………………………………………………………………………………….

(Total 6 marks)
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