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Materials

For this paper you must have: For Examiner’s Use
e a pencil

e a ruler with millimetre measurements Question
¢ a scientific calculator, which you are expected to use where appropriate. 1

Instructions

e Use black ink or black ball-point pen.

2
3
Fill in the boxes at the top of this page. 4
5

[ ]
o 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. 6

¢ If you need extra space for your answer(s), use the lined pages at the end of TOTAL

this book. Write the question number against your answer(s).

¢ All working must be shown.

¢ Do all rough work in this book. Cross through any work you do not want
to be marked.

Information
e 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.
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Answer all questions in the spaces provided. box

Xylem tissue transports water in plants.

Figure 1 shows a transverse section through part of a root of a dicotyledonous plant.
Figure 1

Box A

Magnification = x500

II| Draw a diagram of the five xylem vessels shown in box A in Figure 1.
Draw your diagram in the box shown in Figure 2.

Make sure your drawing fits the box in Figure 2 in the same way that the five xylem
vessels fit box A in Figure 1.

Include the connections of the xylem vessels to the adjacent cells.
[3 marks]

02

stemup.co.uk IB/H/Jun24/BL05


https://stemup.co.uk

Figure 2

@ The magnification of Figure 1 is x500

Calculate the magnification of your drawing in Figure 2.

Give your answer to 3 significant figures.

height of box A in Figure | = 32 mm

height of my drawing (Figure 2) = 68 mm

magnification = (68 x $00) + 32
=1062.5

Magnification =

x 1060

[3 marks]

Question 1 continues on the next page
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El Explain how transpiration causes water movement through the xylem vessels.
[4 marks]

Water evaporates from the leaves, mainly lost as water vapour through

the stomata (transpiration).

This lowers the water potential of the leaf mesophyll cells, so water

moves by osmosis out of the xylem into the leaf cells, down a water

potential gradient.

This reduces the pressure (pressure potential) in the xylem vessels,

creating a tension that ‘pulls’ water up the xylem: water moves from

high to low pressure.

Water molecules are held together by hydrogen bonds (cohesion) and

stick to the xylem walls (adhesion), so a continuous column of water is

pulled up: cohesion-tension.
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Figure 3 shows a simple potometer. box
Figure 3

Petroleum jelly

/ Plastic tubing

—f =

T Syringe containing water

Three-way tap

JA

() W

Millimetre scale — |_ Capillary tube

|_ Air bubble
4

WLl

| Beaker of water

\§ Y

E Describe how you would use the potometer shown in Figure 3 to estimate the rate of
transpiration from the plant shoot in mm? per hour.
[5 marks]

Set up the potometer under water so it is airtight, then use the tap and

syringe to move the air bubble back to the lower end (start) of the

scale.

Measure the time taken for the bubble to move a set distance along

the scale, or measure the distance moved in a set time, e.g. 10 minutes.

Repeat at least two more times, resetting the bubble with the syringe

each time, and calculate a mean.

Keep control variables constant: light intensity, temperature, humidity

and air movement (no wind).

06

stemup.co.uk IB/H/Jun24/BL05


https://stemup.co.uk

Do not write

Measure the diameter of the capillary tube and use volume = mr*h (h = outside the

box

distance moved by the bubble) and the time to calculate the rate in

mm? per hour.

E Explain why the method you described in Question 01.4 gives only an approximate
value for the rate of transpiration from the plant shoot.

[2 marks]

The potometer measures water uptake by the shoot, not water loss, and

not all the water taken up is lost by transpiration (evaporation).

Some water is used in the plant, e.q. in photosynthesis (photolysis), in

hydrolysis reactions or to keep cells turgid, and some water is produced

by respiration.

Turn over for the next question

Turn over »
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A student investigates the effect of temperature on the activity of the
enzyme amylase.

This is the method the student uses.
1. Put a test tube containing 1% amylase solution in a water bath at 10 °C
2. Keep a beaker of starch solution at room temperature.

3. Put 5 cm? of the starch solution into an empty test tube and add a few drops of the
amylase solution.

4. Put the test tube containing the starch and amylase in the water bath at 10 °C

5. Remove a small volume of the starch—amylase mixture after 2 minutes and add it to
a drop of iodine solution.

6. Repeat step 5 every 2 minutes with separate drops of iodine until the iodine no
longer turns blue-black.

7. Repeat steps 1 to 6 with the water bath at 20 °C, 40 °C, 60 °C and 80 °C

The student’s method contains several errors.

Identify two errors and state how the student could correct them.
[2 marks]

Error The starch solution is kept at room temperature (step 2), not at

the water bath temperature.

Correction Incubate the starch solution in the water bath at the stated

temperature (e.g. 10 °C) for a few minutes before adding the amylase,

then mix.

Error Only ‘a few drops’ of amylase are added (step 3), so the volume of

enzyme is not controlled.

Correction Add a measured volume of amylase solution each time, eg. |

em?® using a syringe.
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The student draws a graph of the results of the investigation.

Figure 4 shows the student’s graph.

Figure 4
1.2
1.0
0.81
Rate of
reaction 0.6 | REED G
04
/ \
0.21 ’/ wEn
/ \
0 ———@
0 20 40 60 80 100
Temperature

@ Describe two ways the student could improve the graph in Figure 4.
[2 marks]

1 Use a larger scale on the y-axis (eg. 0 to 0.6) so the plotted points

cover more than half of the axis.

2 Add units to each axis, e.g. Temperature | °C, and plot points as

Crosses.

. E The student states:

‘The optimum temperature for amylase activity is 40 °C.’

Describe how the student could find a more accurate value for the optimum

temperature.
[2 marks]

Repeat the investigation using intermediate temperatures at smaller

intervals, e.g. every 2 °C, around 40 °C (between 30 °C and S0 °C).

Then find the temperature giving the fastest rate of reaction.
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[o]3][2]

Huntington’s disease (HD) is an inherited condition that causes gradual damage to
nerve cells in the brain.

HD is caused by a dominant allele.

Give all the possible genotypes of a person with HD.
Use the symbols:

H = allele for HD

h = allele for not having HD.
[1 mark]

HH and Hh

HD is very rare in most populations but in one isolated area of Venezuela in South
America, 48% of the population possess a genotype which causes HD.

Estimate the percentage of people who are heterozygous for HD in this population
in Venezuela.

Use the Hardy—Weinberg equation.

[3 marks]
p’> + 2pg = 0.43, s0 ¢° = | — 0.48 = 0.52
g = W52 =072]
p=1-072l = 02789
2pg = 2 x 0.2789 x 0.72]] = 0.4022
Percentage of heterozygous people = 40 %
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The allele for HD has a harmful effect on those people who have it in their genotype.

A person who has the allele for HD usually has no symptoms of the disease until the
person is at least 30 years old.

Many people in the isolated population in Venezuela can trace their origins back to a
common ancestor 200 years ago.

The allele for HD has not been lost from this population in Venezuela by
natural selection.

Suggest two reasons why.
[2 marks]

1 Late onset: symptoms appear after age 30, so people have children

(pass on the H allele) before the disease is diagnosed, before selection

can act.

2 Isolated population, so there is a high probability of mating with

someone who has the H allele (all descended from the common

ancestor).

HD causes the death of neurones in the brain.
People with HD produce a substance called huntingtin.

Huntingtin prevents the formation of a protein that transfers electrons and protons
from reduced NAD in the mitochondrion.

Suggest how huntingtin may lead to the death of neurones.
[2 marks]

Huntingtin prevents formation of the electron carrier, so fewer (no)

electrons and protons are passed from reduced NAD to the electron

transport chain; fewer protons enter the intermembrane space, so a

reduced proton gradient and fewer protons pass through ATP synthase.

Less ATP is made, so there is not enough ATP for metabolic reactions,

e.g. active transport, so the neurones die.

Do not write
outside the
box
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Figure 5 shows part of the retina in a human eye.
Figure 5

Bipolar neurone

Ganglion cell

To brain

|I| In Figure 5, W and Z are two types of light receptor cell.

Name the cell types labelled W and Z.
[1 mark]

Cell type W Rod (rod cell)

Cell type Z Cone (cone cell)

@ Explain how the connections of cells of type W allow vision in low light intensities.

Use information from Figure 5.
[3 marks]

Several rods (W) connect to the same bipolar neurone: retinal

convergence.

In low light the stimulation of each rod is sub-threshold; one rod cannot

produce an action potential in the bipolar neurone on its own.

Generator potentials from several rods are added (summation), so the

threshold is exceeded and an action potential is sent to the brain.
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Do not write
Cells of type Z allow high visual acuity in colour. o
E Explain how the connections of cells of type Z allow high visual acuity.
Use information from Figure 5.
[2 marks]
Each cell of type 2 (cone) has its own separate bipolar neurone (and
ganglion cell) to the brain.
So impulses from each cone are kept separate (no retinal convergence)
and the brain receives separate information from each cone, so two close
points can be distinguished.
E Explain how cells of type Z allow colour vision.
[3 marks]
There are three types of cone (2), each containing a different type of
pigment Ciodopsin).
Each type of cone is sensitive to (absorbs) a different range of
wavelengths of light, e.g. red, green or blue.
Different wavelengths (colours) of light stimulate each of the three
types of cone to a different degree, and the brain interprets the relative
stimulation of each type as a colour.
9
Turn over for the next question
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|I| Explain why the scientists heat the fetal DNA to 95 °C

@ Explain why the scientists cool the DNA to 50 °C, and not to 20 °C, before mixing the

Cystic fibrosis (CF) is an inherited condition caused by a mutation in the CFTR gene.
In CF, the tertiary structure of the CFTR protein is altered. This causes thick, sticky
mucus to build up in the bronchioles and causes breathing difficulties.

Scientists have developed a test to find out whether a fetus has CF, is a carrier of CF
or does not have CF.

The test uses DNA probes. The probes are short lengths of single-stranded DNA with
a fluorescent substance attached. A probe will bind to a specific part of the fetal DNA
being tested.

During the test, the fetal DNA is:
e heated to 95 °C for 5 minutes

¢ then cooled to 50 °C and mixed with the probe.

[2 marks]

Heating provides enough energy to break the hydrogen bonds between

the complementary bases.

This separates the DNA into two single strands (denatures it), so the

probe can bind.

DNA with the probe.
[2 marks]

At S0 °C the probe can bind (anneal) to the single-stranded fetal DNA

by forming hydrogen bonds with complementary bases.

If cooled to 20 °C the two fetal DNA strands would re-anneal (join

back together), so S0 °C reduces/prevents this.

Question 5 continues on the next page
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The scientists make two different fluorescent DNA probes, Probe 1 and Probe 2. box

e Probe 1 is only able to bind to the normal CFTR allele (N).
e Probe 2 is only able to bind to the CF allele (n).

E Explain why each probe binds to a different allele.

[2 marks]
The normal allele and the CF allele have different (specific) base

sequences.

Each probe has a base sequence complementary to only one allele, so it

binds by complementary base pairing (A with T, G with C) to that

allele only.

E Give the reason why the scientists use fluorescent probes.
[1 mark]

To enable detection of the allele: the fluorescence shows which allele (N

or n) the probe has bound to.

16
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E Once the DNA probes have each bound to an allele, the DNA-probe complexes are
isolated and analysed, as follows:

Step 1: The DNA-probe complexes are heated to separate the probes from the
alleles.

Step 2: The separated probes are analysed by electrophoresis.

In this analysis, the shorter probes move faster than the longer probes through the
electrophoresis gel.

Figure 6 shows results of electrophoresis for three fetuses, P, Q and R.

Figure 6

|

Q L

R A

Distance moved "
In Figure 6, the peaks show the position of each probe.
The size of the peak shows the amount of the probe.
Probe 2 is two nucleotides longer than Probe 1.

What is the genotype (NN, Nn or nn) of each fetus?
[2 marks]

Fetus P "

Fetus Q N»

Fetus R NN

Question 5 continues on the next page
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Scientists investigate the use of gene therapy to treat people with CF. box
They genetically engineer a virus to contain the normal CFTR allele.
The virus is then breathed into the lungs from an inhaler.

The scientists recruit 37 volunteers with CF.

e 20 inhale the virus with the CFTR allele.

¢ 17 inhale a placebo (does not contain the CFTR allele).
The volunteers use their inhalers at regular intervals for 90 days.

The scientists measure how fast each volunteer can breathe out at the start and at
intervals of 30 days.

Table 1 shows the results.

Table 1
Mean speed of breathing out minus speed at start

) + SD/dm? s’

Time / days
With CFTR allele With placebo

0 0 0
30 +0.10 £ 0.05 —0.04 £0.04
60 +0.02 £ 0.07 —0.03£0.06
90 0.00 £ 0.08 —-0.07£0.05

IB/H/Jun24/BL05
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@ The investigation is ‘double-blind’. This means that neither the scientists nor the

. Evaluate the effectiveness of treating CF patients using virus particles containing the
CFTR allele.

patients know which patients are given the CFTR allele and which are given
the placebo.

Why is it important to have a double-blind investigation?
[2 marks]

To give valid results that show the real effect of the treatment.

So the scientists do not treat patients preferentially and patients do not

behave differently; it avoids bias (not just a psychological effect).

Use information from the scientists’ method and from Table 1.

[4 marks]

Pro: patients given the CFTR allele showed an improvement (+0.10 dm?

s at 30 days) but those given the placebo did not; at all times the

speed was higher with the CFTR allele than with the placebo.

At 30 days the SDs do not overlap (0.0S to 0.1S vs —0.08 to 0.00), so

there could be a significant difference, not due to chance.

Con: the improvement decreases after 30 days, and at 90 days there is

no improvement on the start value (0.00); at 60 and 90 days the SDs

overlap, so the difference may be due to chance.

The sample is small (only 37 volunteers) and not repeated, so it may

not be representative; the severity of CF may vary between volunteers,

giving different degrees of improvement.

Speed of breathing out is not the only measure of lung function.

Do not write
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You are reminded that 2 marks will be awarded
for the quality of your written communication in Question 6.

|I| Describe the processes in plants that use water.

All living organisms need water to survive.

[6 marks]

Turgor: water enters cells by osmosis, making them turgid. Turgor

pressure provides support for non-woody stems and leaves, and changes

in the turgor of guard cells cause the opening and closing of stomata.

Solvent: water is a solvent in which ions (e.q. nitrate) are transported in

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

phloem by mass flow. It is also the medium for chemical reactions in

the cytoplasm.

Hydrolysis: water is used to break down stored organic substances, e.g.

starch to glucose in germinating seeds. ATP is hydrolysed to ADP and

Pi, releasing energy for active transport of ions into root hair cells and

for synthesis.

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

photolysis into protons, electrons and oxygen. The electrons replace those

lost by chlorophyll, and the protons are used to produce reduced NADP;

ATP is also made for the Calvin cycle.

Cooling: evaporation of water from leaves in transpiration cools the plant

(temperature control).

2 0
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@ Plan an experiment to measure the water potential of a plant tissue.

[6 marks]

Use a cork borer to cut cylinders of potato tuber of the same diameter,

and cut them to the same length (e.g. 30 mm) so they have the same

surface area.

Rinse the cylinders in distilled water, blot them dry with paper towel

and weigh each one on a balance.

Prepare a range of at least five concentrations of sucrose solution, e.g. 0,

0.2, 0.9, 0.6, 0.8 and 1.0 mol dm, by diluting a stock solution.

Place one cylinder in the same volume of each solution and leave for the

same suitable time, e.q. 24 hours, at a constant temperature.

Remove the cylinders, blot dry in the same way and re-weigh each one.

Repeat with at least three cylinders at each concentration.

Calculate the percentage change in mass for each cylinder and the mean

percentage change at each concentration.

Plot a line graph of mean percentage change in mass against

concentration and read off the concentration giving zero change in mass.

Convert this concentration to a water potential using a table: this equals

the water potential of the tissue.

Question 6 continues on the next page
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E Xerophytic plants are adapted to live in areas with low water availability. box

Describe the adaptations of xerophytic plants.
[6 marks]

Small leaves, or leaves reduced to spines (e.g. cacti), reduce the surface

area from which water evaporates.

Rolled leaves (e.g. marram grass) retain humid air around the stomata,

giving less exposure to air and a lower water potential gradient.

Sunken stomata in pits retain humid air around the stomata, with less

exposure to moving air; some plants have fewer stomata, or open them

only at night when it is cooler, so there is less evaporation.

A thick waxy cuticle waterproofs the leaf and reduces water loss.

Surface hairs keep a layer of humid air next to the surface and protect

the stomata from moving air.

Ridged stems cast shade on the plant surface.

Water storage tissue, e.g. swollen stems in succulent plants.

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

shallow network near the surface absorbs water after brief rainfall.

A reduced aerial part of the plant (e.g. Lithops) gives less surface for

evaporation.

Quality of written communication [2 marks]

END OF QUESTIONS
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