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 The surface of a plant leaf has many microscopic pores called stomata. 
 

The functions of stomata are: 
 
• to allow gas exchange 
• to control the loss of water vapour. 
 
Figure 1 shows part of a leaf surface as seen using a light microscope. 
 

   
Figure 1 

 

 
   
 

0 1 
 

. 1 
 

Make a large, clear drawing of the two guard cells that surround one stoma in  
Figure 1. 
 

  Include the connections to the leaf cells that are in contact with the guard cells.  
[3 marks] 

  
 

   

   

   

   

   

   

chloroplast

guard cell

thick inner wall

stoma (pore)

epidermal cell wall
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  Figure 2 shows part of the same leaf surface as seen using a different type of 

microscope. 
 

Figure 2 
 

 
   

0 1 
 

. 2 
 

Name the type of microscope used for producing Figure 2.  
[1 mark] 

  
 

 
 

0 1 
 

. 3 
 

Calculate the magnification of Figure 2. 
 
Use information from the scale bar in Figure 1 and from the lengths of the guard cells 
in Figure 1 and Figure 2. 

 [3 marks] 

   

   

   

   

   

  Magnification of Figure 2 = 
 

 

 
 
 
 
 

Question 1 continues on the next page 
 

Scanning electron microscope

Scale bar in Figure 1 = 75 mm = 75 000 μm, representing 50 μm

magnification of Figure 1 = 75 000 ÷ 50 = × 1500

length of guard cell: Figure 1 = 30 mm, Figure 2 = 45 mm

Figure 2 is 45 ÷ 30 = 1.5 times larger than Figure 1

magnification of Figure 2 = 1500 × 1.5 = 2250
× 2250
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  Stomata open and close at different times of the day. 

 
Scientists investigate the mechanism of stomatal opening. 
 
The scientists measure:  
 
• the concentration of malate ions (malate2–) in the guard cells  
• the concentration of potassium ions (K+) in the guard cells  
• the size of the stomatal pore. 
 
The measurements are taken every hour for 15 hours. 
 
Figure 3 shows the results. 
 

Figure 3 
 

 
 
 

0 1 
 

. 4 
 

The scientists conclude that the stomata open in the light because of increased 
concentrations of malate2– ions and K+ ions in the guard cells. 
 
Give evidence for the scientists’ conclusion from Figure 3. 

 [2 marks] 
  

 

   

   

   

   

   

 

The malate2− concentration increases (from 5 to 49 units) at the dark

to light transition, at 6 to 7 h, before (or at the same time as) the

increase in pore size.

The K+ concentration increases from 1 to 41 units between 5 h and 10

h, in parallel with the increase in pore size (from 1 μm to about 6.4

μm).
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. 5 
 

Explain how changes in the concentrations of malate2– ions and K+ ions in the   
guard cells would cause the stomata to open as shown in Figure 3. 

[3 marks] 
  

 

   

   

   

   

   

   

   

   

 
 
 
 
 

Question 1 continues on the next page 
 
  

The increased concentration of malate2− and K+ ions (solutes) in the

guard cells decreases (lowers) the water potential of the guard cells.

So water enters the guard cells by osmosis from the surrounding cells,

down a water potential gradient.

The volume and turgor of the guard cells increase; the guard cells bend

(curve) apart because the cell wall next to the pore is thicker (less

elastic), so the stoma opens.
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  The scientists measure the pH and the concentration of K+ ions in the apoplast around 

the guard cells in the dark and in the light. 
 
Table 1 shows the results. 
 

  Table 1 
 

Conditions in apoplast Dark Light 

pH   5.5    5.1 

Concentration of K+ ions / mmol dm–3       10 3 
 

 
 

  The scientists suggest the model shown in Figure 4 for the opening of stomata in the 
light. 

 
Figure 4 
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. 6 
 

Explain how the data in Figure 3 and Table 1 support the scientists’ model for the 
opening of stomata shown in Figure 4. 

 [3 marks] 
  

 

   

   

   

   

   

   

   

   

 
 

0 1 
 

. 7 
 

In a drought, there is not much water available to a plant.  The plant’s roots increase 
the production of abscisic acid (ABA).   
 
Explain how the increased production of ABA by the plant’s roots helps the plant to 
survive. 

 [3 marks] 
  

 

   

   

   

   

   

   

   

 
 
  

 
18 
 

Figure 3: malate2− and K+ concentrations in the guard cells increase

before (or as) the stoma opens, as in Figure 4.

Table 1: malic acid → malate2− + 2H+, and H+ is pumped out of the

guard cell into the apoplast (as in Figure 4), so the pH of the apoplast

decreases from 5.5 to 5.1 in the light.

K+ enters the guard cell through the channel (as in Figure 4), so the

K+ concentration in the apoplast decreases from 10 to 3 mmol dm−3 in

the light.

ABA is produced in the roots in the drought and transported to the

leaves (in the xylem / transpiration stream).

ABA causes K+ (and Cl−) ions to leave the guard cells, so the water

potential of the guard cells increases.

Water is lost from the guard cells by osmosis, they become flaccid, so

the stomata close and less water vapour escapes (less transpiration), so

the plant does not wilt.
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 Students investigate the effect of temperature on the rate of anaerobic respiration in 
yeast. 
 
The students boil some water for 5 minutes and allow it to cool. 
 
The students then use the cooled, boiled water to prepare: 
 
• a suspension of yeast cells 
• a solution of glucose. 
 
Figure 5 shows the apparatus the students use. 
 

Figure 5 
 

 
 
 

0 2 
 

. 1 
 

Explain why it is important that the students first boil the water and then cover the 
surface of the liquid in the flask with a layer of oil. 

 [2 marks] 
   

   

   

   
 
 

  Table 2 shows the students’ results. 
   

Table 2 
 

Temperature / C Volume of carbon dioxide 
released in 30 min / cm3 

10   6 
20 12 
30 20 
40 13 
50   7 
60   2 

 

  

Boiling removes dissolved oxygen from the water, and the oil layer keeps

oxygen out (stops oxygen dissolving back in).

Otherwise some aerobic respiration would occur: this ensures conditions

are anaerobic, so only anaerobic respiration can occur.

stemup.co.uk

https://stemup.co.uk


9 
 

*09* 

Turn over ► 
 

IB/H/Jan22/BL05 

 

Do not write 
outside the  

box 

 
0 2 

 

. 2 
 

Describe how the students should use the apparatus shown in Figure 5.  
 
Include how the students could make sure that the results of the investigation are 
valid. 

 [5 marks] 
   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   
 
 

Question 2 continues on the next page 
 
 

Use the same volume of yeast suspension (e.g. 10 cm3) and the same

volume and concentration of glucose solution (e.g. 20 cm3) at each

temperature.

Add the same volume of pH buffer to the flask at each temperature, to

keep the pH constant.

Place the flask in a thermostatically controlled water bath to maintain

each temperature (10, 20, 30, 40, 50 and 60 °C), checking it with a

thermometer.

Equilibrate the yeast suspension and the glucose solution separately at

the chosen temperature (e.g. for 10 minutes) before mixing them in the

flask, then add the oil layer and connect the gas syringe.

Record the reading on the gas syringe at 0 min and again at 30 min,

and calculate the volume of carbon dioxide released in 30 min.

Repeat at least three times at each temperature and calculate the mean

volume of gas at each temperature, discarding anomalous results.
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. 3 
 

The students draw a graph of the results shown in Table 2 (on page 8). 
 
State the type of graph the students should draw. 
 
Give the reason for your answer. 

 [2 marks] 
  Type of graph 

 

  Reason 
 

   

   
 
 

0 2 
 

. 4 
 

The students estimate that the optimum temperature for anaerobic respiration in yeast 
is 30 °C. 
 
Describe how you would obtain a more accurate value for the optimum temperature. 

 [2 marks] 
   

   

   

   

   

   

 
 

0 2 
 

. 5 
 

In this investigation, the yeast respires anaerobically. 
 
Explain why the volume of gas in the gas syringe changes during anaerobic 
respiration but would not change during aerobic respiration. 

 [2 marks] 
   

 
   

   

   

   

   

  

 
13 
 

Line graph

Because I am investigating the relationship between two

continuous variables (temperature and volume of carbon dioxide).

Repeat the investigation at smaller temperature intervals, e.g. every 2 °C,

around 30 °C (around the optimum), e.g. from 22 °C to 38 °C, and

find the temperature giving the highest mean volume of carbon dioxide.

Anaerobic respiration (glucose → ethanol + CO2) does not consume any

gas (oxygen); it only produces CO2, so the volume of gas increases.

Aerobic respiration (C6H12O6 + 6O2 → 6CO2 + 6H2O) consumes the

same volume of O2 as the volume of CO2 it produces, so there is no net

change in volume.
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 Figure 6 is a map of the Channel Islands near the coast of California, USA. 
 

Figure 6 
 

 
 

 
  The Island Fox, Urocyon littoralis, lives on these islands.  The Island Fox is very 

similar to the Gray Fox, Urocyon cinereoargenteus.  The Gray Fox lives in mainland 
California. 
 
Figure 7 shows the Island Fox and the Gray Fox. 
 

Figure 7 
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  About 16 000 years ago, the sea level was much lower and some of the ancestors of 

the modern foxes migrated to what are now the Channel Islands. 
 
 

0 3 
 

. 1 
 

Explain how the Island Fox and the Gray Fox could have evolved into different 
species from a common ancestor. 

 [6 marks] 
  

 
  

 
   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

 
 
 
 
 

Question 3 continues on the next page 
  

The ancestors on the islands and on the mainland became geographically

isolated by the sea when the sea level rose (allopatric speciation), so

there was no gene flow between the island and mainland populations.

The two populations had different environments, with different abiotic

and biotic factors (e.g. food supply, prey, predators, competitors, climate,

area of habitat), so there were different selection pressures.

Random mutations occurred in each population, producing new alleles and

leading to phenotypic variation.

The individuals that were better adapted (e.g. smaller body size on the

islands, where food is limited) survived and reproduced more than others

(natural selection).

The survivors passed on their favourable alleles to their offspring, so the

frequency of beneficial alleles increased in each population.

After many generations the foxes in the two locations had such

different gene pools that they were unable to breed with each other to

give fertile offspring, so they became separate species.
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. 2 
 

The Island Foxes on each island are slightly different from each other.    
 
Scientists believe the foxes on the different islands are not separate species but are 
varieties of the same species. 
 
Suggest how the scientists could confirm that the foxes on the different islands belong 
to the same species. 

 [2 marks] 
  

 
  

 
   

   

   

   

 
 

0 3 
 

. 3 
 

Suggest one reason why the different varieties of Island Fox have not developed into 
different species. 

 [1 mark] 
  

 
  

 
   

 
 
 
 
 
 
 
 

  

 
9 

 

Mate (interbreed) foxes from one island with foxes from another island.

If they produce fertile offspring (offspring that are able to reproduce),

they belong to the same species.

The islands have similar environments, so similar selection pressures and

similar phenotypes survive (or they have not been separated for long

enough).
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 Acquired Immune Deficiency Syndrome (AIDS) is caused by the Human 
Immunodeficiency Virus (HIV). 

 
 

0 4 
 

. 1 
 

Describe the structure of HIV. 
[3 marks] 

   
 

   

   

   

   

   

   

   

   

 
 

  Doctors can treat patients infected with HIV by using drugs. 
 
Two types of anti-HIV drugs are: 
 
• reverse transcriptase inhibitors 
• protease inhibitors. 

 
 

0 4 
 

. 2 
 

Explain how each drug can interrupt HIV replication. 
 [3 marks] 

  Reverse transcriptase inhibitor 
 

   

   

   

  Protease inhibitor 
 

   

   

   
  

The genetic material is RNA (two single strands of RNA).

A capsid (protein coat) encloses the RNA and enzymes such as reverse

transcriptase, integrase and protease.

This is surrounded by a lipid envelope (from the host cell plasma

membrane) containing glycoproteins (attachment proteins, e.g. gp120),

with matrix protein beneath.

Prevents the viral RNA being reverse

transcribed into (single-stranded) DNA, so the DNA cannot be inserted

into the host DNA and no viral proteins are synthesised.

Prevents the cleavage (hydrolysis) of the long viral

polypeptides into functional proteins, so the viral proteins needed for new

virus particles are not made.
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. 3 
 

HIV frequently mutates. 
 
If a person infected with HIV is treated with only one type of drug, a random mutation 
may make the virus resistant to that drug. 
 
Explain why treatment with two types of drug at the same time is more effective than 
treatment with one drug.   

 [3 marks] 
   

 
   

   

   

   

   

   

   

   

 
 
 
 
 

Turn over for the next question 
 
 
 

  

 
9 

 
 

If the virus mutates and becomes resistant, the first drug can no longer

stop the virus replicating.

But the second drug still works, so the mutated virus still cannot

replicate (to form any more mutant virus particles).

It is very unlikely that two mutations will occur in the same virus

particle, to stop both drugs working at the same time.
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 Fur colour in mice is controlled by one pair of alleles.  One allele is dominant and the 
other allele is recessive. 
 

 
0 5 

 

. 1 
 

Define dominant allele. 
 [1 mark] 

   

   
 

 
 

  A black male mouse mates with a black female mouse. 
 
Figure 8 shows the results. 
 

Figure 8 

 
 

 
0 5 

 

. 2 
 

Draw a genetic diagram to explain how the cross shown in Figure 8 resulted in some 
black offspring and some white offspring.  

[2 marks] 
 

  Use the following symbols: 
 
A = the dominant allele 
a = the recessive allele 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 

An allele that is always expressed in the phenotype, even in the

presence of a recessive allele (in a heterozygote).

Parental phenotypes: black male × black female

Parental genotypes: Aa × Aa

Gametes: A  +  a × A  +  a

gametes A

A

a

a

AA
black

Aa
black

Aa
black

aa
white

Offspring genotypes: AA,  Aa,  Aa,  aa
Offspring phenotypes: black, black, black, white  (3 black : 1 white)
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  A student uses a statistical test to see if the results in Figure 8 are significantly 

different from the theoretical results. 
 

 
 

0 5 
 

. 3 
 

Name a statistical test the student could use.  
[1 mark] 

   

 
 

0 5 
 

. 4 
 

The statistical test gives a probability, P = 0.25 
 
Explain what this probability value shows about the results in Figure 8. 
 
Use the words chance and significant in your answer. 

 [2 marks] 
   

   

   

   

   

   

 
 
 
 
 

Turn over for the next question 
 
 
 
 
 
 
  

 
6 

 

Chi-squared (χ2) test

Since P = 0.25 is greater than 0.05, the difference between the

observed results and the expected (3 : 1) results is not significant.

The difference from the expected results is due to chance: the

probability that the difference occurred by chance is 0.25 (25%).
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 Recombinant DNA technology involves the transfer of DNA from one organism to 
another organism. 

 
0 6 

 

. 1 
 

Bacteria can be genetically modified and used for making useful products such as 
insulin. 
 
Describe how the gene for human insulin can be transferred into bacteria so that the 
bacteria can produce large amounts of human insulin. 

 [7 marks] 
   

 
   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

  

mRNA for insulin is extracted from the β cells of the pancreas, and

reverse transcriptase is used to make single-stranded cDNA from it;

DNA polymerase then makes this double-stranded, giving the insulin

gene without introns.

Sticky ends are added to the gene, and the plasmid is cut with a

restriction enzyme (restriction endonuclease) at a specific base

(recognition) sequence, a staggered cut giving the same complementary

sticky ends; a promoter is added.

The gene is mixed with the cut plasmids and the sticky ends combine

by complementary base pairing; DNA ligase is added to join the

sugar-phosphate backbones by phosphodiester bonds, forming recombinant

plasmids.

The recombinant plasmids are mixed with bacteria in a calcium chloride

(Ca2+) solution with heat shock, so some bacteria take up the plasmid

(are transformed).

Transformed bacteria are identified using antibiotic-resistance (or

fluorescence) marker genes in the plasmid, then grown in a fermenter,

where they replicate to form a clone of insulin-producing bacteria.

The insulin is released from the bacteria into the growth medium and

purified (downstream processing).
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. 2 
 

Before the technique of genetic modification was developed, insulin was extracted 
from the pancreases of animals, including pigs and cattle, that had been killed to 
provide meat. 
 
Explain the benefits of producing insulin using genetically modified bacteria instead of 
extracting insulin from animals. 

 [5 marks] 
   

 
   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

 
 
 
 
 

Question 6 continues on the next page 
 
 

No animals need to be slaughtered to obtain pancreases, so it is more

ethical and acceptable to vegetarians, vegans and religious objectors (e.g.

those who do not use pig products).

Bacteria reproduce rapidly, so much larger amounts of insulin are

produced more quickly, and production does not depend on the supply of

animals from the meat industry.

The insulin is released by the bacteria into the growth medium, so it is

easier to extract and purify.

The insulin is identical to human insulin, so it avoids immune (allergic)

reactions to animal insulin, which has a slightly different amino acid

sequence.

It avoids the possible transfer of disease-causing microorganisms (e.g.

prions or viruses) from animals, and the gene can be modified to give

different types of human insulin, e.g. fast-acting or sustained-effect

insulin.
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. 3 
 

Sometimes only a small sample of a particular type of DNA is available – such as the 
DNA in blood cells at the scene of a crime. 
 
Scientists can use the polymerase chain reaction (PCR) to produce many copies of a 
small sample of DNA. 
 
Explain the principles involved in each stage of the PCR process. 

 [6 marks] 
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The DNA is heated to a high temperature, 95 °C, which denatures it:

the hydrogen bonds between the bases break, producing separated single

strands.

The mixture is cooled to a moderate temperature, 55 °C, with primers

(short single-stranded DNA sequences) added, so the primers can bind

(anneal).

At 55 °C the primers bind to one end (the 3′ end) of each single

strand by complementary base pairing, and the two DNA strands remain

separated.

The mixture is heated to 72 °C with free nucleotides and Taq DNA

polymerase; 72 °C is the optimum temperature for Taq DNA polymerase,

which comes from thermophilic bacteria so is not denatured at 95 °C.

DNA polymerase adds new complementary nucleotides onto the primers,

joining them with phosphodiester bonds, forming two double-stranded

DNA molecules from each original one.

The cycle is repeated many times (e.g. 30 cycles) in a thermocycler;

the amount of DNA doubles each cycle, producing millions of copies of

the DNA.
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