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Answer all the questions.

1	 Anika is leading a team of scientists in Ghana working for the World Health Organization 
(WHO). 

She is studying sickle cell disease, a life-threatening inherited blood disorder.

Anika gives her team the following information:
•	 People with sickle cell disease inherit two copies of the sickle cell gene, one from each of 

their parents.

•	 Some people are carriers for this disease.

•	 Carriers do not have full symptoms of sickle cell disease and they have the advantage of 
being resistant to malaria (a serious disease that is transmitted via mosquito bites).

•	 Ghana is an African country with a population of 28 million people, and malaria is always 
present in the population.

Anika wants to know what proportion of the entire population of Ghana are sickle cell 
carriers. She and her team do this by genetically testing a sample of the population. 

Anika chooses to sample a village in Ghana. The total population of the village is 250. There 
are 105 men, 95 women and the remaining 50 are children.	

(a)	 Anika’s first plan is to test everyone in the village.

 (i)	 Circle  the kind of sample that this represents.

biased                        random                         representative                         whole                        
[1]

(ii)	 Put a tick () in one box that best explains why it is this kind of sample.

All the people in the village would be in the sample 

Over 100 people would be in the sample

There are more men than women in the village

There would be a range of men, women and children 
in the sample

[1]
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(b)	 Anika’s team of scientists do not have enough time or resources to sample everyone in the 
village. 

Instead, they put numbered tickets into a container, each person in the village takes a 
ticket and only those with an even-numbered ticket are tested.

 (i)	 Circle  the two kinds of sample that this represents.

biased                         random                         representative                         whole                        
[1]

(ii)	 Put a tick () in the two boxes that best explain your answer.

Anika did not choose the selection herself 

Half of the people in the village would be in the 
sample

Over 100 people would be in the sample

There would be a range of men, women and children 
in the sample

[1]

(c)	 A member of her team thinks that more people should be tested.

State how this would affect the reliability of the results.

.......................................................................................................................................... [1]
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(d)	 Two methods can be used to obtain DNA samples, either a cheek swab or a blood test. 

        Fig. 1.1 shows a cheek swab being taken. 

Fig. 1.2 shows a hypodermic syringe being used to take a blood sample. 

   Fig. 1.1                                       	 Fig. 1.2

After carrying out a risk assessment for the two methods, Anika chooses the cheek swab 
method.

  (i)	 Use the information shown in Fig. 1.1 and Fig. 1.2 to describe one health and 
safety reason why Anika chooses the cheek swab method.

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

 (ii)	 Suggest one further reason, other than health and safety, why Anika chooses the 
cheek swab method.

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

(iii)	 Describe one hazard that the scientists in Anika’s team may encounter as they take 
cheek swab samples from the patients.

.......................................................................................................................................  

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

 (iv)	Suggest one hazard that all members of Anika’s team may encounter in Ghana, 
even those not taking samples from the patients.

.................................................................................................................................. [1]
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(e) Anika’s team takes the waste sample materials to a nearby university laboratory for 
disposal.

 (i) The waste must be labelled with a hazard warning symbol.

Put a tick () under the correct hazard warning symbol.

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

(ii) Complete the sentences about disposal of the waste sample materials using words 
from this list.

The words may be used once, more than once or not at all.

audio                      autoclaving         burying                   freezing               patient         

serial number        video                    waste operator      written

1 The used cheek swabs should be disposed of by .............................................. .

2 ............................................... records of the type and quantity of waste must be 

kept. These records should also include the date and time that the waste was 

processed and the name of the .............................................. .
[2]

(f) Anika’s team tested 125 people in the village. They found that 22 of the people tested 
were sickle cell disease carriers.

 (i) Estimate the percentage of people in the village who are carriers.

% of people who are carriers = ................................................. % [1]

(ii) Suggest why this percentage might not be a very accurate estimate of the 
percentage of people in the whole of Ghana who are sickle cell disease carriers.

 ................................................................................................................................. [1]
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2	 Amit is learning about the molecular biology techniques of PCR and gel electrophoresis.

(a)	 Draw a line to link the name of each technique to its function.

Technique Function

PCR To amplify specific sequences of 
nucleic acid

Gel
electrophoresis To purify sequences of nucleic acid

To extract nucleic acid from cells

To separate nucleic acid according to 
size

[2]

(b)	 A PCR mixture requires a number of essential components. 

Complete the sentences about the PCR components using words from this list.

The words may be used once, more than once or not at all. 

amino acids                 amylase                 glucose                 nucleotides              

polymerase                  primers                  sucrase   

The enzyme that synthesises DNA strands in PCR is called .............................................. .

The monomers used in DNA synthesis are .............................................. .
[2]
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(c)	 PCR requires three steps repeated many times.      

	 Draw a line to link the name of each step to its correct description.

Step Description

Denaturation Primers bind to specific 
complementary sequence

Annealing Double stranded DNA separated into 
single strands

Elongation Nucleotide monomers assembled into 
a DNA strand

[2]

(d)	 The number of DNA copies obtained from one gene via PCR can be calculated using the 
equation:

Number of copies = 2n where n is the number of PCR cycles 

Calculate how many copies can be produced from 30 cycles of PCR.

Give your answer to one significant figure.

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

(e)	 Explain why heat-stable enzymes are used in PCR.

..............................................................................................................................................

..............................................................................................................................................

......................................................................................................................................... [2]
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(f)	 The DNA fragments obtained from PCR are separated by gel electrophoresis.

 (i)	 Draw one line to link the charge of the DNA fragments to the correct electrode they 
migrate towards.

Charge Electrode

Positive Anode

Neutral Cathode

Negative Dynode

Dipole Cestode

[1]
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 (ii) Gel electrophoresis of a PCR reaction is shown below. 

The size markers are in lane M. 

The PCR fragment is in lane A.

                M       A

               

.....................

.....................

.....................

.....................

.....................

   

The size markers are: 

110bp                    404bp                    331bp                    242bp                    489bp

Label the markers with the correct sizes in the spaces to the left of the fi gure.  
[1]

(iii) Use the size markers in lane M to estimate the size of the PCR fragment in lane A.

................................................. bp [1]

(g) Suggest why shorter DNA fragments move faster through the agarose gel during 
electrophoresis.

 ........................................................................................................................................ [1]
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3     (a)	 Sara is a student learning about acid_base titrations.

The pieces of laboratory glassware that she could use are listed in Fig. 3.1.

Fig. 3.1

•	 50 cm3 burette

•	 100 cm3, 250 cm3 and 1 dm3 beakers

•	 10.0 cm3 and 25.0 cm3 one-mark pipettes 

•	 10 cm3 and 25 cm3 measuring cylinders 

•	 100.0 cm3, 250.0 cm3 and 1.0 dm3 volumetric flasks 

•	 250 cm3 conical flask.

She has been asked to carry out a titration to determine the concentration of a solution 
of ammonia, NH3(aq). She decides to titrate a known volume of the ammonia solution 
against a standard solution of 0.100 mol dm–3 hydrochloric acid.

 (i)	 	Sara is provided with 10.0 mol dm–3 hydrochloric acid.

Describe how she would use this solution to prepare 1 dm3 of 0.100 mol dm–3 
hydrochloric acid.

In your answer you should name the two pieces of glassware from Fig. 3.1 that she 
would need.

.......................................................................................................................................

.......................................................................................................................................

.......................................................................................................................................

.......................................................................................................................................

.......................................................................................................................................

.................................................................................................................................. [3]
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(ii)  Ammonia solution is a weak base and hydrochloric acid is a strong acid. 

Three sketches, A, B and C of acid_base titration curves are shown below. 

Which curve A, B or C applies to the titration of ammonia with hydrochloric acid? 

Circle  the correct letter.  

[1]

(iii) Sara must choose the correct indicator for the titration between ammonia and 
hydrochloric acid. 

The pH range of some common indicators are shown in the table.

Indicator pH range

Methyl Orange 3.2 - 4.4

Litmus 5.0 - 8.0

Bromothymol Blue 6.0 - 7.6

Phenolphthalein 8.2 - 10.0

Use your answer to (a)(ii) and the table to determine which indicator Sara should 
use.

Explain your answer.

• Choice of indicator  ................................................................................................

• Explanation  ...........................................................................................................

 ................................................................................................................................
[2]
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(iv)  Sara sets up the apparatus to carry out a titration, as shown in Fig. 3.2.

Fig. 3.2

Use Fig. 3.1 to select the two pieces of glassware shown in Fig. 3.2. 

Write the name of each piece of glassware in the two boxes in Fig. 3.2.
[1]

(v) Use the data below to calculate the concentration, in mol dm–3, of the ammonia 
solution.

• Volume of ammonia solution = 10.0 cm3

• Volume of 0.100 mol dm–3 HCl used in the titration = 16.1 cm3

• 1 mole of ammonia reacts with one mole HCl

Concentration of ammonia solution = ................................................. mol dm–3 [3]
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(b)	 Zac is a technician working in a pharmacology laboratory.  

•	 A common drug for the treatment of malaria is mefloquine. Mefloquine is a weak base 
and is given to the patient as a tablet.

•	 One of Zac’s tasks is to determine the mass of mefloquine in one tablet. 

•	 Zac dissolves one tablet of mefloquine in water and makes up the solution to  
100.0 cm3. 

•	 He uses an autotitrator to determine the concentration of mefloquine in the solution 
by titrating 5.0 cm3 portions of the solution against 0.01 mol dm–3 HCl(aq). 

  (i)	 	State why it is not necessary to use an indicator when using an autotitrator.

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

 (ii)	 Autotitrators have advantages and disadvantages in comparison to manual 
titrations. 

	 Put a tick () in the box(es) next to all the advantages of using an autotitrator.

It is not necessary to make up accurate standard 
solutions

Less titrant is used

Results can be exported electronically to another 
device

Smaller sample is required  

The equipment is cheaper

The results are more accurate

[3]

(iii)	 Zac uses his titration results to calculate that the concentration of the mefloquine 
solution was 0.0066 mol dm–3. The molar mass of mefloquine is 378 g mol–1.

Calculate the mass in mg, of mefloquine in one tablet.

Give your answer to 3 significant figures.

Mass of mefloquine in one tablet ................................................. mg [3]
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4     (a) AIDS is caused by the Human Immunodefi ciency Virus (HIV). 

Layla is a researcher investigating HIV.

She is using microscopy to identify the features of HIV particles and cells infected with 
HIV.

Fig. 4.1 shows an electron micrograph of an HIV particle. 

Fig. 4.2 is a light micrograph of cells, some of which are infected with HIV.

 Fig. 4.1 Fig. 4.2

      

  (i)  Measure the diameter of the HIV particle shown in Fig. 4.1.

Measurement = ................................................. units ................................................ [2]

 (ii)  The magnifi cation of the electron microscope used to obtain the image in 
Fig. 4.1 is ×300,000.

Use your answer to (a)(i), to calculate the actual diameter of the HIV particle in mm.

Actual diameter of HIV particle = ................................................ mm [1]

(iii) Draw a scale bar on Fig. 4.1 that represents 100 nm.        
[1]

HIV-infected 
cells

Cells that 
are not infected 
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(iv)	 Describe one feature of an HIV particle that can be seen in Fig. 4.1.

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

 (v)	 Which organelle appears to be more dense in the HIV-infected cells in Fig. 4.2?

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

(vi)	 Describe and explain one advantage of light microscopy in comparison to electron 
microscopy.

......................................................................................................................................

......................................................................................................................................

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

(vii)	Explain why individual HIV particles cannot be seen using a light microscope.

......................................................................................................................................

......................................................................................................................................

................................................................................................................................. [2]
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(b) Tom is also a researcher using microscopes.

He is measuring the size of animal cells using a light microscope fi tted with an eyepiece 
graticule. 

The fi gure below shows an eyepiece graticule alongside a stage micrometer. They are 
seen when using a light microscope. 

The smallest graduations on the stage micrometer are 10 µm.

Eyepiece graticule

Stage micrometer

  (i) Draw a double-headed arrow on the stage micrometer scale to represent 0.5 mm.    

[1]

 (ii) Select two suitable lines on the stage micrometer scale that would be useful for 
calibrating the eyepiece graticule. 

 Label the lines as X1 and X2.
[1]

(iii) Calculate the actual length, in µm, that one graduation on the eyepiece graticule 
represents.

Actual length = ................................................ µm [2]

 (iv) Tom then measures the cells using the light microscope set at a diff erent 
magnifi cation. 

State what Tom should do before he takes his measurements.

 ................................................................................................................................. [1]
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(v)	 	To set the light microscope at a different magnification, Tom changes the objective 
lens from 40× to 100× but keeps the eyepiece lens and graticule the same. 

 Circle  the correct word(s) to complete the sentences.

•	 The size of the scale on the eyepiece graticule appears: 

smaller                    the same                    bigger

•	 The size of the cells appears:     

smaller                    the same                    bigger

•	 Each graduation on the eyepiece graticule now represents: 

a shorter length                 the same length                   a greater length   
[3]

Turn over for the next question    
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5 Ali is learning about Atomic Emission Spectroscopy (AES) and ion chromatography.

(a) Ali uses Atomic Emission Spectroscopy (AES) to identify the cations present in a sample 
of an unknown salt. 

He compares the spectrum of the unknown salt with spectra of known cations.

His results are shown in Fig. 5.1. The position of each line indicates the observed colour.

Fig. 5.1
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Describe the key principles of AES and use the information in Fig. 5.1 to identify the 
cations in the unknown salt. 

Explain with reference to the spectra how you reached your conclusion.

..............................................................................................................................................

..............................................................................................................................................

..............................................................................................................................................

..............................................................................................................................................

..............................................................................................................................................

..............................................................................................................................................

..............................................................................................................................................

..............................................................................................................................................

..............................................................................................................................................

..............................................................................................................................................

..............................................................................................................................................

..............................................................................................................................................

..............................................................................................................................................

..............................................................................................................................................

..............................................................................................................................................

..............................................................................................................................................

..............................................................................................................................................

..............................................................................................................................................

..............................................................................................................................................

......................................................................................................................................... [6]
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(b) Ali uses ion chromatography to separate proteins in a sample of brain tissue.

 He follows the steps listed below:
• The sample is loaded onto an ion exchange column at a particular pH.

• The diff erent proteins in the sample bind to the ion exchange resin, some binding more 
easily than others. 

• Impurities are removed by washing the column with a very low concentration of salt 
solution before the salt gradient is applied.

• By gradually increasing the salt solution concentration, the diff erent proteins are eluted 
(washed out) from the column at diff erent times. 

• A UV detector is used to detect each protein as it leaves the column.

Having completed the steps, Ali obtains the chromatogram shown below.

The grey line indicates the substances (A to G) eluted from the column, and the black line 
indicates the salt concentration.

      

  (i) Complete the following sentences using words from the list to explain how this type of 
ion chromatography separates proteins.

charged                        high                        impurities                        low                

neutral                          salts                       strongest                         weakest          

• .............................................. proteins will bind to the oppositely charged groups 

in the resin.

• A salt gradient is used to elute the diff erent proteins. At ..........................................

salt concentrations, proteins having few charged groups are eluted and 

at .............................................. salt concentrations, proteins with several charged 

groups are eluted.
[3]
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 (ii)	 State the letter of the protein that binds to the column the strongest.

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

(iii)	 State the letter of the protein which is the least abundant in the sample.

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

 (iv)	 State the letter which indicates the impurities present in the sample.

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

  (v)	 Explain why a UV detector can be used to detect the proteins as they emerge from 
the column.

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

 (vi)	 Give two uses of ion exchange chromatography other than separating and purifying 
proteins.

......................................................................................................................................

......................................................................................................................................

................................................................................................................................. [2]
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6     (a)	 Kareem is a student learning how to culture bacteria in a laboratory.

	 He finds out that some bacteria are parasitic and must be cultured in a medium 
containing living animal cells. 

	 It is important that Kareem uses aseptic technique to establish and maintain his cultures. 
To do this he learns how to sterilise equipment and materials correctly.

  (i)	 Draw lines to link each equipment or material to be sterilised to the correct method 
of sterilisation.

Equipment or material  
to be sterilised Method of sterilisation

Hard surfaces inside the 
work area

Filtering through a sterile 
membrane filter

Glassware Autoclaving

Protein growth factors to 
add to the animal cell culture 

medium

Refrigeration

Wiping with bactericidal 
solution

[3]

 (ii)	 Kareem works at a controlled air flow cabinet. 

Suggest two reasons for doing this.

1 ....................................................................................................................................

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

(iii)	 Kareem wears disposable gloves when working at the controlled air flow cabinet.

Suggest the likely impact of this on his bacterial cultures.

 .......................................................................................................................................

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

 (iv)	Give two other examples of laboratory work, not including the culture of 
microorganisms, that require aseptic technique.

1 ....................................................................................................................................

2 ....................................................................................................................................
[2]
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(b)	 Alex is also learning about aseptic technique in microbiology at college. 

	 She is streaking bacteria onto an agar plate from a stock culture grown on an agar slope.

  (i)	 Tick () one box that shows why Alex first heats an inoculating loop in a flame until 
it glows red.

To avoid killing the inoculum  

To check for contamination   

To obtain clones of bacteria

To prevent aerosols containing bacteria

To sterilise the inoculating loop

To test for lithium ions

[1]

 (ii)	 Tick () two boxes that show why Alex allows the inoculating loop to cool down 
before dipping it into the stock culture of bacteria on an agar slope.

To avoid killing the inoculum  

To check for contamination   

To obtain clones of bacteria

To prevent aerosols containing bacteria

To sterilise the inoculating loop  

To test for lithium ions

[2]
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(c) The streaked plate is cultured in an incubator at 30 oC for 24 hours.

The plate is shown below.

A cluster of individual colonies have grown on the streaked plate.

Suggest two ways in which the individual colonies have grown on the plate. 

1 ..........................................................................................................................................

 ............................................................................................................................................

2  .........................................................................................................................................

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

END OF QUESTION PAPER
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