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Materials
For this paper you must have:
 a pencil
 a ruler with millimetre measurements
 a scientific calculator, which you are expected to use where appropriate.
Instructions
 Use black ink or black ball-point pen.
 Fill in the boxes at the top of this page.
 Answer all questions.
 You must answer the questions in the spaces provided.  Do not write 

outside the box around each page or on blank pages.
 All working must be shown.
  If you need extra space for your answer(s), use the lined pages at the end of 

this book.  Write the question number against your answer(s).
 Do all rough work in this book.  Cross through any work you do not want 

to be marked.
Information
 The marks for questions are shown in brackets.
 The maximum mark for this paper is 75.
  In Question 6, 2 marks will be awarded for the quality of your written 

communication.
 You will be marked on your ability to:
 – use good English
 – organise information clearly
 – use specialist vocabulary where appropriate.

Please write clearly in block capitals.
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Answer all questions in the spaces provided.

0 1  Students investigate mitosis in the roots of onion plants.

  This is the method the students use:
   cut sections of the root tips 
   stain the sections 
   place the sections on microscope slides.

  Figure 1 shows some of the cells on one student’s microscope slide.

Figure 1

Cell X

Scale: 100 µm

0 1 . 1  Draw a diagram of one cell in metaphase from Figure 1.
[3 marks]

cell wall

chromosome

spindle
fibres

equator
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0 1 . 2  Calculate the width of cell X.
  Give your answer in micrometres (μm).

[1 mark]

   Width of cell X = __________________________ μm 

Question 1 continues on the next page

scale bar 100 μm = 30 mm on the page

width of cell X = 21 mm

width = 21 × 100 ÷ 30 = 70 μm

70
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  Scientists measure the time taken to complete the cell cycle in onion root tips.

  This is the method the scientists use:
  1.  place onion bulbs on top of conical flasks containing tap water with the roots in 

the water
  2. add a measured amount of radioactively-labelled thymine to the water
  3. after 1 hour, remove the liquid from each flask
  4. rinse the roots with water
  5. repeat step 1
  6. at intervals, make root tip squash preparations of some of the roots
  7.  measure the percentage of cells in mitosis that have radioactive 

chromosomes.

  Figure 2 shows the scientists’ results.  Two cell cycles occurred during the 
investigation.

Figure 2
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0 1 . 3  Explain why the scientists add radioactive thymine at step 2, and not radioactive 
adenine, cytosine or guanine.

[2 marks]
  

 ________________________________________________________________________________
  

 ________________________________________________________________________________
  

 ________________________________________________________________________________
  

 ________________________________________________________________________________

Thymine is only found in DNA (in RNA it is replaced by uracil),

whereas adenine, cytosine and guanine are also found in RNA.

So the radioactive thymine will only enter replicating DNA

(chromosomes), not RNA.
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0 1 . 4  The scientists measure the time interval between two points on the graph. 

  They use the point when 50% of the cells in mitosis first become radioactive 
during the first cell cycle and the point when 50% of the cells in mitosis first 
become radioactive during the second cell cycle. 

  The scientists use this time interval as the value for the time taken for one cell 
cycle.

  Calculate the time taken for one cell cycle.

  Use information from Figure 2. 
[1 mark]

   Time taken for one cell cycle = _____________________ hours

 Students in one class count all the cells they observe in the different phases of the 
 cell cycle.

 Table 1 shows the students’ results.

Table 1

Phase Number of cells

Interphase 461

Prophase   12

Metaphase     2

Anaphase     2

Telophase     3

0 1 . 5  The number of cells in each phase is proportional to the time taken for each 
phase.

  Calculate the time the cells are in anaphase.

  Use information from Table 1 and your answer to Question 01.4.

  Give your answer in minutes, correct to the nearest whole number.
[2 marks]

 Time in anaphase = _________________________ minutes

Question 1 continues on the next page

50% at 5.5 h and at 28.5 h: 28.5 − 5.5 = 23
23

total cells = 461 + 12 + 2 + 2 + 3 = 480

anaphase = 2/480 × 23 h × 60 = 5.75 minutes

6

stemup.co.uk

https://stemup.co.uk


6

Do not write 
outside the 

box

(06)
G/Jun19/BL05

0 1 . 6  Suggest two reasons why your answer to Question 01.5 may not be accurate.
[2 marks]

1  ______________________________________________________________________________

 ________________________________________________________________________________
  

 ________________________________________________________________________________

 2  ______________________________________________________________________________

 ________________________________________________________________________________
  

 ________________________________________________________________________________

0 1 . 7  Calculation of the mitotic index using information from Figure 1 gives a 
value of 0.48

  Calculation of the mitotic index using data from Table 1 gives a value of 0.04

  Suggest why the two values for the mitotic index are very different.
[1 mark]

 ________________________________________________________________________________

 ________________________________________________________________________________

 ________________________________________________________________________________

 ________________________________________________________________________________

 ________________________________________________________________________________

____
12

Only 2 cells (very few) were in anaphase, so not representative: a

slight miscount has a large effect, e.g. 1 cell gives 3 minutes, 3 cells

give 9 minutes.

The scientists and the students may have grown different varieties

of onion at different temperatures (and oxygen supply), so the 23

hour cycle may not apply.

The student deliberately chose an area of the slide with many cells

in mitosis (did not select cells at random), and the sample in Figure

1 is too small (only about 25 cells) so it is not representative.
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0 2  Scientists use the polymerase chain reaction (PCR) to make many copies of a 
DNA molecule.

  Figure 3 shows one cycle of PCR.

Figure 3

Original DNA
molecule

Heat to 95 °C

Add molecules P and Q
and slowly cool to 55 °C

Heat to 72 °C,
add free
nucleotides

Molecule Q

Molecule P

1

2

3

4

0 2 . 1  Explain why the DNA is heated to 95 °C at step 1.
[2 marks]

 ________________________________________________________________________________

 ________________________________________________________________________________

 ________________________________________________________________________________

 ________________________________________________________________________________

To break the hydrogen bonds between the complementary bases, so

the two strands of DNA separate.

This makes the bases accessible for base pairing with the primers

(binding of primers).
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0 2 . 2  Molecule P and Molecule Q are ‘primers’.

  These primers bind to single-stranded DNA at step 2.

  Give the reason why two different primers are needed.
[1 mark]

 ________________________________________________________________________________

 ________________________________________________________________________________

 ________________________________________________________________________________

0 2 . 3 At what step in the PCR cycle does DNA-polymerase catalyse a reaction?

  Tick () one box.
[1 mark]

  1   
 

2   
 

3   
 

4   

0 2 . 4  Police scientists find small samples of a criminal’s DNA at the scene of a crime.

  The scientists can use PCR to make many copies of the DNA.

  Calculate how many molecules of the DNA there will be after 15 cycles of PCR, 
starting with one molecule of DNA.

  Give your answer:
   in standard form
   to 3 significant figures.

[2 marks]

  Number of DNA molecules after 15 cycles of PCR = ____________________________

____
6

Turn over for the next question

The two single strands have different base sequences, so each needs

a primer with a different complementary base sequence to base pair

with it.

number doubles each cycle: 215 = 32 768

= 3.28 × 104 (3 s.f.)

3.28 × 104
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0 3   Students investigate anaerobic respiration in yeast using three different sugars:

   fructose
   glucose
   lactose.

  Figure 4 shows the apparatus the students use.

Figure 4

Plunger

Syringe

Rubber tubing

Yeast and
sugar solution

Glass tube

Meniscus60

70

80

Millimetre scale

 Yeast produces carbon dioxide during respiration.   
 The carbon dioxide pushes the yeast and sugar solution down the glass tube.
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0 3 . 1  Describe how you would use the apparatus shown in Figure 4 to compare the 
effect of using  each of the three sugars, fructose, glucose and lactose, on the rate 
of respiration in yeast.

  Include details of how you would control any other variables that might affect the 
results.

[6 marks]
  

 ________________________________________________________________________________
  

 ________________________________________________________________________________
  

 ________________________________________________________________________________
  

 ________________________________________________________________________________
  

 ________________________________________________________________________________
  

 ________________________________________________________________________________
  

 ________________________________________________________________________________
  

 ________________________________________________________________________________
  

 ________________________________________________________________________________
  

 ________________________________________________________________________________
  

 ________________________________________________________________________________
  

 ________________________________________________________________________________
  

 ________________________________________________________________________________
  

 ________________________________________________________________________________
  

 ________________________________________________________________________________
  

 ________________________________________________________________________________
  

 ________________________________________________________________________________
  

 ________________________________________________________________________________
  

 ________________________________________________________________________________
  

 ________________________________________________________________________________

Question 3 continues on the next page

Use the same volume (e.g. 5 cm3) and the same concentration of

yeast suspension for each sugar, and the same volume and

concentration of sugar solution (e.g. 10 cm3 of 0.5 mol dm-3) for

each sugar.

Keep the mixture at a suitable constant temperature, e.g. 30 °C,

using a thermostatically controlled water bath; leave the yeast and

sugar to equilibrate first.

Draw the mixture of sugar and yeast into the syringe using the

plunger, then join the syringe to the glass tube with the rubber

tubing.

Adjust the plunger so that the meniscus is on the scale, e.g. at zero,

and start the stopwatch.

Record the position of the meniscus on the mm scale at set times,

e.g. every 10 minutes for 50 minutes (or measure the time taken to

move a set distance), and calculate the rate, e.g. in mm min-1.

Repeat at least three times with each sugar and calculate a mean.

Between sugars, clean the apparatus and rinse it with the new sugar

and yeast mixture.
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  Table 2 shows the students’ results.

Table 2

Time / min
Position of meniscus on scale / mm

Fructose Glucose Lactose

  0   0   0 0

10   0   0 0

20 19 19 0

30 46 30 1

40 60 36 4

50 71 55 4

0 3 . 2  Draw a graph of the results shown in Table 2.

  Draw a line of best fit for each sugar.
[4 marks]
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  One student thinks that the result for glucose at 40 minutes is an anomaly.

0 3 . 3  Give evidence that the result for glucose at 40 minutes is an anomaly.
[1 mark]

 ________________________________________________________________________________

 ________________________________________________________________________________

 ________________________________________________________________________________

 ________________________________________________________________________________

0 3 . 4  Suggest one possible cause for this anomalous result.
[1 mark]

 ________________________________________________________________________________

 ________________________________________________________________________________

 ________________________________________________________________________________

 ________________________________________________________________________________

0 3 . 5  What should the students do to check that the result for glucose at 40 minutes 
really is an anomaly?

[1 mark]

 ________________________________________________________________________________

 ________________________________________________________________________________

 ________________________________________________________________________________

 ________________________________________________________________________________

____
13

Turn over for the next question

It does not fit the pattern: it does not lie on the curve through the

other glucose points, and the curve would change direction (rise more

slowly then faster again).

The meniscus position was misread on the mm scale, e.g. 36 mm

recorded instead of 46 mm.

Repeat the experiment for glucose (several times) and see if the

value at 40 minutes fits the pattern.
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0 4  Type 2 diabetes is the most common form of diabetes.
  Type 2 diabetes can be treated with drugs.

  Scientists investigate the effect of the drug Troglitazone (TGZ) on the uptake of a 
substance called 2-deoxyglucose by muscle cells.

  Figure 5 shows the structure of glucose and of 2-deoxyglucose.

Figure 5

Glucose

O
CH2OH

H

2-deoxyglucose

OH

H

H

OH

H

OH

H

HO

O
CH2OH

H
OH

H

H

H

H

OH

H

HO

0 4 . 1  2-deoxyglucose can:
   enter muscle cells through glucose transporter proteins
   act as a competitive inhibitor of an enzyme in glucose metabolism.

  Use information from Figure 5 to explain why.
[2 marks]

 ________________________________________________________________________________

 ________________________________________________________________________________

 ________________________________________________________________________________

 ________________________________________________________________________________

 ________________________________________________________________________________

 ________________________________________________________________________________

  In their investigation, the scientists use 2-deoxyglucose labelled with the 
radioactive isotope, 3H.   

  The scientists measure the uptake of the 2-deoxyglucose by:
 
   a group of muscle cells treated with TGZ 
   a control group of muscle cells.

2-deoxyglucose has a very similar structure (shape) to glucose; it

only differs at carbon 2, where it has H instead of an OH group.

So it fits the glucose transporter protein and fits the active site of

the enzyme, blocking it so glucose cannot fit in (a competitive

inhibitor). But the enzyme cannot catalyse a reaction with it because

the OH group on carbon 2 is needed for the reaction.
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  Figure 6 shows the scientists’ results.

Figure 6

20 300
0

1

2

3

10
Time / hours

Control

+ TGZ

Uptake of
2-deoxyglucose
/ arbitrary units

  Each point plotted in Figure 6 is the mean of 12 repeats.

0 4 . 2  Why do the scientists use 2-deoxyglucose labelled with the isotope 3H?
[1 mark]

 ________________________________________________________________________________

 ________________________________________________________________________________

0 4 . 3  Suggest how the scientists should treat the control muscle cells.
[1 mark]

 ________________________________________________________________________________

 ________________________________________________________________________________

0 4 . 4  Describe the effect of TGZ on the uptake of 2-deoxyglucose by muscle cells.

  Use data from Figure 6 in your answer.
[2 marks]

 ________________________________________________________________________________

 ________________________________________________________________________________

 ________________________________________________________________________________

 ________________________________________________________________________________

The increase in radioactivity in the muscle cells can be used as a

measure of 2-deoxyglucose uptake.

Treat them in exactly the same way (same 2-deoxyglucose) but with

no TGZ.

TGZ increases uptake: it rises rapidly then levels off (zero rate) at

about 2.8 AU after about 18 hours; the control only rises slowly to

about 0.65 AU at 30 hours.
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0 4 . 5  In this investigation, the scientists use a substance similar to glucose that cannot 
be metabolised.

  Explain why.
[2 marks]

 ________________________________________________________________________________

 ________________________________________________________________________________

 ________________________________________________________________________________

 ________________________________________________________________________________

 ________________________________________________________________________________

 ________________________________________________________________________________

0 4 . 6  TGZ was used for treating Type 2 diabetes for only 3 years.

  TGZ was then withdrawn from use.

  Suggest one reason why.
[1 mark]

 ________________________________________________________________________________

 ________________________________________________________________________________

 ________________________________________________________________________________

____
9

It is not converted to other substances, e.g. CO2 in respiration, so it

remains in the cells unchanged (and builds up).

Therefore the radioactivity shows how much 2-deoxyglucose is taken

up due to TGZ treatment, i.e. how effective TGZ is at stimulating

glucose uptake, and the rate of uptake is not changed by its

metabolism.

TGZ had harmful side effects, e.g. it caused liver disease (liver

damage).
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0 5  The celandine is a plant found growing wild in many countries in the 
northern hemisphere.

  Figure 7 shows a section through a celandine flower.

Figure 7

Stamens

Petals

Carpels

Sepal

  The numbers of petals, stamens and carpels in the flowers are very variable.

  Students compare the celandine flowers found on north-facing and south-facing 
road banks by a road in the UK.

  Figure 8 shows a section through the road.

Figure 8

Road

North-facing bank
South-facing bank

Hedge Hedge

  The students want to investigate whether the environment affects the numbers of 
petals and stamens in the flowers.

0 5 . 1  Suggest three abiotic environmental factors that might cause the plants to grow 
differently on the two road banks.

[3 marks]

1  ______________________________________________________________________________

 2  ______________________________________________________________________________

 3  ______________________________________________________________________________

Light (light intensity)

Temperature

Water (soil moisture)
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   The students collect 30 celandine flowers from the north-facing bank and 
30 celandine flowers from the south-facing bank.

0 5 . 2  Why do the students collect a large number of flowers from each road bank?
[2 marks]

 ________________________________________________________________________________

 ________________________________________________________________________________

 ________________________________________________________________________________

 ________________________________________________________________________________

 ________________________________________________________________________________

0 5 . 3  Describe how the students should choose which flowers to collect.
[2 marks]

 ________________________________________________________________________________

 ________________________________________________________________________________

 ________________________________________________________________________________

 ________________________________________________________________________________

 ________________________________________________________________________________

  Table 3 shows the students’ results.

Table 3

Feature
Mean ± standard deviation

North-facing South-facing

Number of petals   8.27 ± 0.74   9.57 ± 1.91

Number of stamens 25.83 ± 6.88 39.37 ± 7.94

  Figure 9 shows more detail for the results for the number of stamens in the 
celandine flowers growing on each road bank.

(18)

To give a more representative sample, so the mean is more

representative (reliable) and the effect of anomalies is reduced.

So a statistical test can be done to see if any difference between

the two banks is significant, not just due to chance (a valid

comparison).

Choose the flowers randomly, to avoid bias.

E.g. lay two tape measures along each bank as axes and use random

numbers (from a calculator) for coordinates, collecting the flower

nearest to each coordinate.
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Figure 9
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0 5 . 4  What is the range for the number of stamens per flower for each road bank?
[1 mark]

  North-facing road bank: From _____________ to _____________

  South-facing road bank: From _____________ to _____________

0 5 . 5  Table 3 gives the mean and standard deviation for the number of stamens 
per flower for each road bank.

  Explain why the means and standard deviations are more useful than the ranges 
for detecting any differences between the two samples of celandine flowers.

[3 marks]
  

 ________________________________________________________________________________

 ________________________________________________________________________________

 ________________________________________________________________________________

 ________________________________________________________________________________

 ________________________________________________________________________________

 ________________________________________________________________________________

The range only uses the two extreme values, which could be outliers

(anomalies), so it is not representative.

The mean and SD use all the values and are less affected by

anomalies.

The mean and SD can be used in a statistical test to see if the two

samples differ significantly.

19 49

23 52
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0 5 . 6  The students use a statistical test to compare the mean number of petals for the 
two populations of celandines.

  Suggest a suitable statistical test.
[1 mark]

  
 ________________________________________________________________________________

0 5 . 7  The statistical test gives a probability value, P = 1.3 × 10−3

  Explain what this means.   

  Use the terms 

   significance 
   probability 
   chance 

  in your answer.
[3 marks]

 ________________________________________________________________________________

 ________________________________________________________________________________

 ________________________________________________________________________________

 ________________________________________________________________________________

 ________________________________________________________________________________

 ________________________________________________________________________________

 ________________________________________________________________________________

 ________________________________________________________________________________

 ________________________________________________________________________________

____
15

(20)

Student’s t-test

P = 1.3 × 10-3 = 0.0013, which is less than 0.05 (5%).

So the probability that there is no difference between the mean

numbers of petals is less than 0.05: we reject the null hypothesis,

and the difference between the means is significant.

The probability that the difference is due to chance is less than 5%

(only 0.13%), so we are more than 95% certain the difference is

not due to chance alone.
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You are reminded that 2 marks will be awarded
for the quality of your written communication in Question 6.

0 6  All plants need water to survive.

0 6 . 1  Describe how plants use water.
[6 marks]

 ________________________________________________________________________________

 ________________________________________________________________________________

 ________________________________________________________________________________

 ________________________________________________________________________________

 ________________________________________________________________________________

 ________________________________________________________________________________

 ________________________________________________________________________________

 ________________________________________________________________________________

 ________________________________________________________________________________

 ________________________________________________________________________________

 ________________________________________________________________________________

 ________________________________________________________________________________

 ________________________________________________________________________________

 ________________________________________________________________________________

 ________________________________________________________________________________

 ________________________________________________________________________________

 ________________________________________________________________________________

 ________________________________________________________________________________

 ________________________________________________________________________________

 ________________________________________________________________________________

Question 6 continues on the next page

(21)

Support: water enters plant cells by osmosis, so the vacuoles push

the cytoplasm against the cell wall and the cells become turgid;

turgor supports the stems and leaves of non-woody plants.

Stomata: guard cells take up water by osmosis and become turgid,

which opens the stomata; when they lose water they become flaccid

and the stomata close.

Solvent: water is a polar solvent, so it transports dissolved ions (e.g.

nitrate) in the xylem and organic molecules (e.g. sucrose, amino

acids) in the phloem, and it is the medium in which metabolic

reactions take place in the cytoplasm.

Hydrolysis: water is used to break bonds, e.g. in germinating seeds

starch is hydrolysed to maltose and glucose to mobilise stored food.

Photosynthesis: in the light-dependent reaction, water is split by

photolysis into protons, electrons and oxygen; the electrons replace

those lost from chlorophyll and the protons are used to produce

reduced NADP and ATP (by chemiosmosis) for the light-independent

reaction.

Cooling: evaporation of water from the leaves in transpiration uses

latent heat, cooling the plant.

stemup.co.uk

https://stemup.co.uk


22

Do not write 
outside the 

box

G/Jun19/BL05

0 6 . 2  Describe how water enters, moves through and is lost from a flowering plant.
[6 marks]

 ________________________________________________________________________________

 ________________________________________________________________________________

 ________________________________________________________________________________

 ________________________________________________________________________________

 ________________________________________________________________________________

 ________________________________________________________________________________

 ________________________________________________________________________________

 ________________________________________________________________________________

 ________________________________________________________________________________

 ________________________________________________________________________________

 ________________________________________________________________________________

 ________________________________________________________________________________

 ________________________________________________________________________________

 ________________________________________________________________________________

 ________________________________________________________________________________

 ________________________________________________________________________________

 ________________________________________________________________________________

 ________________________________________________________________________________

 ________________________________________________________________________________

 ________________________________________________________________________________

(22)

Entry: water enters through the root hair cells, which have a large

surface area, by osmosis, from the soil (higher water potential) into

the root hair cell (lower water potential), as mineral ions are actively

absorbed.

Through the root: water moves across the cortex by the apoplastic

route, through the cell walls, and by the symplastic route, through

the cytoplasm and plasmodesmata from cell to cell (down a water

potential gradient).

At the endodermis the Casparian strip blocks the apoplastic route, so

water must enter the cytoplasm; ions are actively pumped into the

xylem, lowering its water potential, so water enters the xylem by

osmosis, creating root pressure.

In the xylem: water evaporates from the leaves, creating tension

(transpiration pull); water molecules stick together by hydrogen bonds

(cohesion) and to the xylem walls (adhesion), so a continuous

column of water is pulled up the xylem (cohesion-tension).

Loss: water evaporates from the walls of the mesophyll cells into the

air spaces, and water vapour diffuses out down a water potential

gradient, mostly through the stomata, with some lost through the

waxy cuticle (transpiration).

stemup.co.uk

https://stemup.co.uk


23

Do not write 
outside the 

box

G/Jun19/BL05

0 6 . 3  Describe how some plants are adapted to live in very dry conditions.
[6 marks]

 ________________________________________________________________________________

 ________________________________________________________________________________

 ________________________________________________________________________________

 ________________________________________________________________________________

 ________________________________________________________________________________

 ________________________________________________________________________________

 ________________________________________________________________________________

 ________________________________________________________________________________

 ________________________________________________________________________________

 ________________________________________________________________________________

 ________________________________________________________________________________

 ________________________________________________________________________________

 ________________________________________________________________________________

 ________________________________________________________________________________

 ________________________________________________________________________________

 ________________________________________________________________________________

 ________________________________________________________________________________

 ________________________________________________________________________________

 ________________________________________________________________________________

 ________________________________________________________________________________

Quality of written communication [2 marks]

____
20

END  OF  QUESTIONS

(23)

Xerophytes have adaptations that reduce water loss by transpiration.

Small leaves, or leaves reduced to spines (e.g. cacti), have a small

surface area for evaporation and also deter herbivores.

Rolled leaves (e.g. marram grass) trap moist air with hairs, so there

is less exposure to moving air and a lower water potential gradient

between the leaf and the air.

Sunken stomata in pits, and fewer stomata, trap humid air, reducing

diffusion of water vapour. A thick waxy cuticle waterproofs the leaf

and reduces evaporation.

Ridged stems cast shade, keeping the surface cooler. Water storage

tissue, e.g. swollen stems in succulent plants, stores water for dry

periods.

Extensive root systems: deep roots reach the water table, or wide

shallow roots near the surface quickly absorb water after brief

rainfall.

Reduced aerial parts of the plant, e.g. Lithops (living stones), which

are mostly below ground, reduce the surface exposed to the sun and

air.
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