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 A single gene with four alleles controls the timing of flowering in pea plants. 
 
The alleles show a dominance hierarchy.  This means: 
 
• one allele is dominant over the other three alleles 
• some alleles are dominant over either one or two of the others. 

   
 

0 1 
 

. 1 
 

Define the term dominant. 
[1 mark] 

   

   

   

   
 

  The four alleles of the gene are FVE, FE, FL, FVL. 

Table 1 shows the timing of flowering of pea plants with different genotypes. 
   
  Table 1 
   
  

Genotype 
Timing of flowering 

Very early Early Late Very late 
FVE FVE     
FVE FE     
FE FE     
FVE FL     
FE FL     
FL FVL     
FVL FVL     

 

   
 

0 1 
 

. 2 
 

The expression FA > FB means that the allele FA is dominant over the allele FB. 
 
Give the dominance hierarchy for the alleles FVE, FE, FL and FVL. 
 
Use the definition of dominance hierarchy and information from Table 1. 

 [1 mark] 
   >  >  >   

  

An allele that is always expressed in the phenotype, even if only one

copy is present (in the presence of other alleles).

FVL FL FE FVE
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A scientist crosses a late flowering plant with an early flowering plant.  
 
Draw a genetic diagram to show how this cross could produce very early flowering 
offspring. 

[3 marks] 
   

  Parent phenotypes  Late flowering  Early flowering 

  Parent genotypes 

  Gametes 

   

   

   

   

  Offspring genotypes 

  Offspring phenotypes 

   

   

   

   
 

0 1 
 

. 4 
 

The scientist counts the number of each phenotype of plant produced by the cross.  
 
Name a statistical test the scientist should use to analyse the results.  
 
Give a reason for your choice. 

[2 marks] 
   

   

   

   

   

   

 
Question 1 continues on the next page   

Chi-squared test.

Because the results are counts in categories (phenotypes), and the test

looks for a significant difference between the observed and expected

(genetic ratio) results, testing the null hypothesis that any difference

between O and E is due to chance.

FVE FL FVE FE

FVE   and   FL FVE   and   FE

Gametes FVE FE

FVE FVEFVE FVEFE

FL FVEFL FEFL

FVEFVE FVEFE FVEFL FEFL

Very early Early Late Late
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The scientist uses the statistical test and obtains a P value of 0.06 
 
Explain what the scientist can conclude from this result. 

[2 marks] 
   

   

   

   

   

   

   
 
 
  

 
9 

 

There is no significant difference between the observed and expected

results, so the null hypothesis is accepted and the difference is due to

chance.

Because the P value (0.06) is greater than 0.05 (5%), so there is less

than 95% confidence that the difference is not due to chance.
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 Thalassaemia is an inherited blood disorder caused by a recessive allele. 
 
Scientists investigate the thalassaemia allele frequency in a population. 

 
0 2 

 

. 1 
 

Define the term allele frequency. 
[1 mark] 

   

   

   

   
 

  Figure 1 shows how the frequency of the thalassaemia allele in a population has 
changed during the last 5000 years. 

   
Figure 1 

   

 
   

 
  

The proportion (fraction) of a particular allele out of all the alleles of

that gene in the gene pool of a population.
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Calculate the percentage of the population that are now heterozygous for the 
allele for thalassaemia. 
 
Use Figure 1 and the Hardy–Weinberg equation. 
 
Give your answer to 3 significant figures. 

[3 marks] 
  

 

   

   

   

   

  Percentage = 
 

% 
   

 
0 2 

 

. 3 
 

The Hardy–Weinberg principle predicts that allele frequencies will not change from 
generation to generation. 
 
Give two conditions needed for the Hardy–Weinberg principle to apply. 

[2 marks] 
  1 

 

   

   

  2 
 

   

   

   
 
 
 
 
 
 

Question 2 continues on the next page 
  

No mutation occurs (no new alleles are produced).

Mating is random, in a large population that is genetically isolated (no

immigration or emigration).

Frequency of thalassaemia allele now, q = 0.152

p = 1 − q = 1 − 0.152 = 0.848

Heterozygotes = 2pq = 2 × 0.848 × 0.152

= 0.257792, so × 100 = 25.7792%

25.8
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Figure 1 (on page 6) shows that the frequency of the thalassaemia allele has 
increased.  
 
The increase in allele frequency from 5000 years ago to 4000 years is 0.004 
 
The increase from 1000 years ago to 0 years is greater. 
 
Calculate how many times greater. 
 
Use data from Figure 1. 

[2 marks] 
  

 

   

   

   

   

  Number of times greater =  
   

 
0 2 

 

. 5 
 

People who are heterozygous for the thalassaemia allele do not have symptoms of 
thalassaemia.  They are also less likely to get the disease malaria. 
 
People can die from malaria. 
 
The data shown in Figure 1 (on page 6) are for a population that is affected by 
malaria.   
 
Explain the change in allele frequency shown in Figure 1. 

[2 marks] 
   

   

   

   

   

   

   
 
  

 
10 
 

Heterozygotes are more likely to survive malaria (homozygous dominant

people are more likely to die of malaria), so heterozygotes survive and

reproduce more.

So they pass on the thalassaemia (recessive) allele to their offspring, so

the frequency of the allele increases over generations.

Frequency 1000 years ago = 0.088, now = 0.152

Increase = 0.152 − 0.088 = 0.064

0.064 ÷ 0.004 = 16

16
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 A scientist investigates the effect of temperature on the rate of carbon dioxide 
released by insects. 
 
The scientist uses locusts in the investigation. 
 
The scientist: 
 
• uses a temperature-controlled box set at 38 °C 
• puts a locust in the box for 48 hours 
• takes no measurements for the first 24 hours 
• measures the volume of carbon dioxide released in the second 24 hours 
• repeats the investigation with temperatures from 18 to 36 °C at 2 °C intervals 
• repeats the investigation with 12 locusts for each temperature. 

 
 

0 3 
 

. 1 
 

Suggest one reason why the scientist takes no measurements for the first 24 hours. 
[1 mark] 

   

   

   

   
 

0 3 
 

. 2 
 

Give two precautions the scientist should take to reduce the risk of harm when 
handling living insects in the investigation. 

[2 marks] 
  1 

 

   

   

  2 
 

   

   

   
 
 
 

Question 3 continues on the next page   

So that the locust can equilibrate (acclimatise) and adjust to the

temperature and conditions in the box.

Wash hands after handling the locusts, or wear gloves, or use forceps.

Wear a mask and ventilate the room, to reduce inhalation of allergens.
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Give reasons why the scientist did not use temperatures lower than 18 °C or higher 
than 38 °C 

[2 marks] 
  Not lower than 18 °C 

 

   

   

  Not higher than 38 °C 
 

   

   

   
 

  Figure 2 shows the scientist’s results. 
   

Figure 2 
   

 
   

 
0 3 

 

. 4 
 

Figure 2 shows the points joined with straight lines.  
 
Give one reason why the scientist joined the points with straight lines rather than a 
curve of best fit. 

[1 mark] 
   

   

   

The insect would be inactive with a low rate of

respiration, as enzyme activity is reduced.

The insect would be killed, as its enzymes (proteins)

would be denatured.

The scientist cannot be certain of the intermediate values between the

temperatures tested.
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The error bars on Figure 2 represent 95% confidence intervals. 
 
Give the reason why the scientist displayed his results in this way. 

[1 mark] 
   

   

   

   
 

0 3 
 

. 6 
 

Calculate the change in the rate of carbon dioxide release from 36 °C to 38 °C  
 
Include a suitable unit for the change in the rate. 

[2 marks] 
  

 

   

   

   

   

  Change in rate =  
   

  Unit  =  
   

 
 
 
 
 
 

Question 3 continues on the next page 
  

To compare the means of continuous data and show the spread, so you

can see whether error bars overlap (whether there is a significant

difference).

Rate at 36 °C = 0.0035, at 38 °C = 0.0020

Change = 0.0035 − 0.0020 = 0.0015 mm3 s−1

0.0015 ÷ 2 °C = 0.00075 per °C

0.00075 (decrease)

mm3 s−1 °C−1
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A student concludes that the optimum temperature for insect respiration is in the 
range 23 °C to 35 °C 
 
Evaluate the student’s conclusion. 
 
Use information from the scientist’s method and from Figure 2 (on page 10). 

[4 marks] 
   

   

   

   

   

   

   

   

   

   

   

   

   
 
 
  

 
13 
 

Yes: this range gives the highest rates of CO2 release, and the error

bars in this range overlap, so there is no significant difference and the

optimum cannot be stated more precisely.

No: the error bars at the stated temperatures also overlap with

temperatures outside the range (e.g. 20, 22 and 36 °C).

23 °C and 35 °C were not actually tested; data are only at 2 °C

intervals, so there are no intermediate values.

Only 12 locusts per temperature, a small sample size, so may not be

representative; results may differ for other species, sizes or ages of

insect, or in other environments.
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 Algae are photosynthetic organisms. 
 
Different colours of algae contain different photosynthetic pigments. 
 
All algae contain the pigment chlorophyll. 

 
 

0 4 
 

. 1 
 

Describe the role of chlorophyll in the light-dependent reaction of photosynthesis. 
[3 marks] 

   

   

   

   

   

   

   

   

   

   
 
 
 

Question 4 continues on the next page 
  

Chlorophyll absorbs light energy, so electrons in chlorophyll become

excited and are released (photoionisation).

The electrons pass along the electron transfer chain, which is used to

generate ATP and to reduce NADP.

Chlorophyll accepts (replacement) electrons from the photolysis of

water.
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  A scientist investigates the effect of the wavelength of light on the production of 
oxygen during photosynthesis. 
 
The scientist: 
 
• puts a filament of green algae on a slide  
• adds aerobic bacteria that can move 
• shines light onto the slide through a prism to split the light into different wavelengths 
• uses a microscope to observe the distribution of the bacteria. 
 
Figure 3 shows the distribution of the bacteria on the slide. 

   
Figure 3 
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. 2 
 

Explain the distribution of the bacteria shown in Figure 3. 
[2 marks] 

   

   

   

   

   

   

 
0 4 

 

. 3 
 

Describe a suitable control experiment that the scientist could use in the investigation. 
[2 marks] 

   

   

   

   

   

   

   
 
 
 
 
 
 

Question 4 continues on the next page 
  

More bacteria in the red and violet (indigo) light, as more oxygen is

produced there; fewer bacteria in the green and yellow light, as less

oxygen is produced.

More oxygen because more photosynthesis (photolysis) occurs, and the

bacteria use the oxygen for aerobic respiration.

Repeat the experiment with no prism, with just white light (or with the

algae in the dark).

Keep all other conditions the same, e.g. same temperature, same algae

and bacteria.
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  There are different phyla of algae in the sea: red algae, green algae and brown algae. 
Some scientists investigate how the depth of water affects which phyla of algae live 
there. 
 
The scientists:  
 
• collect samples of water from different depths in the sea 
• count the number of species of red, green and brown algae in each water sample. 
 
Figure 4 shows the scientists’ results. 

   
Figure 4 

   

 
   

 
0 4 

 

. 4 
 

Suggest one way the scientists should standardise the sampling technique. 
[1 mark] 

   

   

   

  

Take the same volume of water in each sample (and the same number

of samples at each depth).
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Blue light penetrates more deeply through water than red light. 
 
Suggest one reason for the phyla of algae found at a depth of 25 m 

[1 mark] 
   

   

   

   

   
 
 
 
 
 

Turn over for the next question 
 
  

 
9 

 

No green algae at 25 m because their pigments need red light and

cannot absorb the blue light; red and brown algae have pigments that

can absorb blue light for photosynthesis.

stemup.co.uk

https://stemup.co.uk


18 
 

*18* 
IB/M/Jan21/BL03 

 

Do not write 
outside the  

box 
 

0 5 
 

 In 1980, a volcano called Mount St Helens erupted. 
 
The forest surrounding the volcano was destroyed. 
 
Scientists investigated the changes in the plant species growing around the volcano in 
the years after the eruption. 
 
The scientists: 
 
• selected 103 plots of land, each of area 250 m2, around the volcano 
• recorded the percentage of plots containing each plant species for 20 years after 

the eruption. 
 
Table 2 shows the scientists’ results. 

   
Table 2 

   

Plant species 
Percentage of plots containing plant species in different years 

after the eruption 

1983 1989 1994 2000 

Wood 
groundsel 59 14 10   7 

Rough 
bentgrass   5 16 72 29 

Prairie lupine   3 26 48 54 

Red alder tree   0   7 68 84 

Douglas fir tree   0   0   3   9 
 

 
0 5 

 

. 1 
 

Explain how succession has occurred around the volcano. 
 
Use information from Table 2. 

[4 marks] 
   

   

   

   

   

   

   

Wood groundsel is the pioneer species (59% of plots in 1983), surviving

harsh conditions.

Wood groundsel changes the abiotic conditions, e.g. it increases soil

depth and nitrate (when it dies and decomposes).

Conditions become more favourable for rough bentgrass and prairie

lupine, which increase by 1994.

Red alder and Douglas fir trees form the climax community.
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Calculate the ratio of wood groundsel to red alder in 1989 and the ratio in 2000. 
[2 marks] 

  
 

   

   

   

   

  Ratio in 1989 = 1:  
   

  Ratio in 2000 = 1:  
   

 
0 5 

 

. 3 
 

Give one reason for the change in the ratio of wood groundsel to red alder from  
1989 to 2000. 

[1 mark] 
   

   

   

   
 

0 5 
 

. 4 
 

The diversity of plants around Mount St Helens volcano increased between  
1983 and 2000. 
 
This caused the diversity of animals to increase. 
 
Give two possible reasons for this increase in animal diversity. 

[2 marks] 
  1 

 

   

   

  2 
 

   

   

   
  

 
9 

 

Wood groundsel is outcompeted, as the red alder trees produce shade so

groundsel cannot get enough light for photosynthesis.

More niches (more types of habitat) are available.

More different food sources, and more nesting sites and shelter.

1989: 14 : 7 = 1 : 0.5

2000: 7 : 84 = 1 : 12

0.5

12
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 Scientists investigate the possible effects of climate change on the heather beetle, an 
insect pest of heather plants. 
 
The scientists create an artificial study area divided into four sections with different 
environmental conditions: 
 
1. control with standard conditions 
2. increased carbon dioxide in the air 
3. decreased rainfall 
4. increased temperature. 
 
The scientists add the same large number of heather beetles to each section. 
 
Every week for 4 weeks the scientists measure: 
 
• the number of beetles surviving in each section 
• the masses of the surviving beetles. 

   
 

0 6 
 

. 1 
 

The scientists removed dead organic matter from the four sections at the start of the 
investigation before adding the beetles. 
 
Explain why the dead organic matter could have caused a change in the 
environmental conditions. 

[3 marks] 
   

   

   

   

   

   

   

   

   

   
 
 
  

Decomposers (saprophytic microorganisms such as bacteria and fungi)

break down dead organic matter.

Carbon-containing substances are broken down during their respiration,

releasing carbon dioxide and heat.

This would increase the concentration of CO2 in the air, or increase the

temperature, in a section.
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  The scientists calculate the change in the risk of death of the beetles in each section 
compared with the control section.  
 
The scientists’ results are shown in Table 3. 

   
Table 3 

   

Environmental condition Change in risk of death P value 

Increased carbon dioxide 3.5 times higher  <0.001 

Decreased rainfall 2.6 times higher <0.01 

Increased temperature 1.2 times higher 0.6 
 

 
0 6 

 

. 2 
 

Do the environmental conditions have a significant effect on the risk of death of the 
beetles?   
 
Give evidence for your answer from Table 3. 

[3 marks] 
   

   

   

   

   

   

   

   

   

   
 
 
 

Question 6 continues on the next page 
  

Yes for increased carbon dioxide and decreased rainfall: their P values

(<0.001 and <0.01) are less than 0.05, so there is a significant increase

in the risk of death.

No for increased temperature: its P value (0.6) is above 0.05, so there

is no significant increase in the risk of death (due to chance).

Increased CO2 is the most significant (3.5 times higher risk, P < 0.001).
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  The scientists plot graphs of the mean mass of beetles in the sections with: 
 
• increased carbon dioxide 
• decreased rainfall 
• increased temperature  
 
compared with the mean mass of beetles in the control section. 
 
Figure 5 shows the scientists’ results. 

   
Figure 5 
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. 3 
 

The scientists’ artificial study area allowed them to investigate possible effects of 
climate change on heather beetles. 
 
Increased carbon dioxide in the air, changes to rainfall and increased temperature are 
all linked to climate change. 
 
One conclusion from the scientists’ investigation is: 
 
‘Climate change causes a decrease in the mass of insect pests.’ 
 
Evaluate this conclusion.  
 
Use information from the scientists’ method and from Figure 5. 

[4 marks] 
   

   

   

   

   

   

   

   

   

   

   

   

   
 
 
 
 
 
 

Turn over for the next question 
 
  

 
10 
 

For: increased CO2 and decreased rainfall give a much lower mean mass

than the control; a large number of beetles were used in each section,

so the results are reliable.

Against: there is no difference in mass (a slight increase) with

increased temperature; climate change could increase rainfall in some

areas.

The investigation was only 4 weeks long and only one species (heather

beetle) was investigated.

Artificial conditions, with no predators or disease, so other factors may

be involved; no statistical test was done on the masses.
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A scientist measures the concentration of carbon dioxide in a lake. 
 
The carbon dioxide concentration in the lake changes: 
 
• during a 24-hour time period 
• at different depths in the lake. 
 
Explain what causes these changes in carbon dioxide concentration. 
 
Use your knowledge of photosynthesis and respiration. 

[5 marks] 
   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   
 
 
  

During the day, CO2 concentration is lower because photosynthesis by

plants and algae uses CO2.

The concentration decreases when the rate of photosynthesis is higher

than the rate of respiration.

At night, CO2 concentration is higher because respiration (by all

organisms) produces CO2, and there is no photosynthesis to use the CO2

as there is no light.

CO2 concentration is higher at greater depth as there is less light (light

is absorbed by the water).

So there is less photosynthesis at depth, while respiration continues to

release CO2; near the surface there is more light and more

photosynthesis, so less CO2.
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. 2 
 

Explain the importance of ATP in photosynthesis and respiration. 
[6 marks] 

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   
 
 
 
 
 
 

Question 7 continues on the next page 
  

In photosynthesis, ATP (made in the light-dependent reaction) provides

the energy, with reduced NADP, to reduce GP to TP (triose phosphate)

in the light-independent reaction (Calvin cycle).

So useful organic substances are produced from TP, e.g. glucose, starch,

cellulose, amino acids and lipids.

ATP is also used to regenerate RuBP from TP, so the Calvin cycle can

continue and more CO2 can be fixed.

In respiration, ATP is used to phosphorylate glucose at the start of

glycolysis, forming hexose bisphosphate.

This makes glucose more reactive (activates it), because glucose is a

stable molecule, so it can be split into two triose phosphate molecules.

ATP made in respiration is hydrolysed to release energy in small,

manageable amounts.
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Salmon are a type of fish that can be farmed for food. 
 
When they are farmed, young salmon are grown in cages. 
 
Figure 6 shows some farmed salmon in a cage. 

   
Figure 6 

   

 
   
  Explain how techniques used in fish farming can increase the efficiency of energy 

transfer to salmon. 
[4 marks] 

   

   

   

   

   

   

   

   

   

   

   

   

 
END  OF  QUESTIONS 

 
15 
 

Movement is restricted in the cages, so less energy is used in muscle

contraction (respiration) and more is transferred to growth.

Feed is controlled (high-protein food given at the right times), so

salmon grow well and less food is wasted.

Predators are excluded by the cage, so no energy is lost to other

organisms and energy is not wasted escaping.

Pesticides are used and antibiotics are added to the food, and stocking

density is controlled, so disease is prevented and energy is not lost to

parasites or pathogens.
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