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For this paper you must have:

e a pencil

e a ruler with millimetre measurements

e a scientific calculator, which you are expected to use where appropriate.

Instructions

e Use black ink or black ball-point pen.

e Fill in the boxes at the top of this page.

e Answer all questions.

e You must answer the questions in the spaces provided. Do not write
outside the box around each page or on blank pages.

o 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).

¢ All working must be shown.

e 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.
e The maximum mark for this paper is 75.
e In question 6, 2 marks will be awarded for the quality of your written
communication.
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— use good English
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Answer all questions in the spaces provided.

Students investigate the effect of different concentrations of sucrose solution on

epidermal cells from a red onion bulb.

The students dilute a 1.0 mol dm~3 sucrose solution with water to give a range of

sucrose concentrations.

Complete Table 1 to show the volumes of 1.0 mol dm~3 sucrose solution and
water needed to produce 20 cm3 of each concentration of sucrose.

[2 marks]
Table 1
Sg,ﬂfﬁ,’;,";a,ﬂg[' d°r:1f’§'°r°se 0 | 02 | 04 | 06 | 08 | 10
Z:‘I:Lrlclgic;f;lu(:.?: ; g::;s 0 4 g 12 16 20
Volume of water / cm3 20 16 12 2 4 0
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The students put pieces of epidermis in the different concentrations of sucrose box
solution on microscope slides.

The students put a graticule in the eyepiece of the microscope before observing
the cells. A graticule is a glass disc with a numerical scale on it.

Figure 1 is a photograph of some epidermal cells in water, seen through the
eyepiece graticule.

Figure 1

Figure 1 cannot be reproduced here due to third-party copyright restrictions.

To calibrate the graticule, the students:

e use a special slide with a millimetre scale marked on it
e put this special slide on the stage of the microscope

e look at the slide through the graticule in the eyepiece.

Figure 2 shows what one student sees.

Figure 2

0O 10 20 30 40 50 60 70 80 90 100

Y
0.1 mm

. |Z| What is the real length of cell A?

e Use information from Figure 1 and Figure 2.
e Give your answer in micrometres (um), correct to the nearest whole number.

[2 marks]
0.1 mm (100 wm) = 385 graticule units, so 100 units = 0.26 mm
| graticule unit = 0.0026 mm = 2.6 um
cell A = 93 units, so length = 93 x 2.6 = 2491.8 um
Length of cell A = 292 pum
Turn over »
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Figure 3 shows the same epidermal cells when the students replace the water box
with 1.0 mol dm~3 sucrose solution.

Figure 3

Figure 3 cannot be reproduced here due to third-party copyright restrictions.

. E Draw a diagram of cell A from Figure 3.

[2 marks]

- S / cell wall

cell-surface
membrane

| __— cytoplasm

| vacuole

/ nucleus

\\V /

/

gap filled with sucrose solution

0 4

stemup.co.uk G/Jan20/BL05


https://stemup.co.uk

The dark grey parts of the cells in Figures 1 and 3 are caused by a red pigment
in the cell vacuole.

Explain why the vacuoles in the cells in Figure 3 are a darker colour than the

vacuoles in the cells in Figure 1.
[3 marks]

Water is lost from the cells by osmosis, because the water potential

(W) of the 1.0 mol dm™3 sucrose solution is lower than the water

potential of the cells, so water moves from a high (less negative) to

a low (more negative) water potential.

So the volume of the vacuole is reduced: the same amount of red

pigment is now in a smaller volume of cell sap, so the pigment is

more concentrated and the vacuole looks darker.

Question 1 continues on the next page
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The students observe the onion epidermal cells in each of the six concentrations
of sucrose given in Table 1.

Cells that look similar to cell A in Figure 3 are described as ‘plasmolysed’.
The students look at 20 cells in each concentration of sucrose and count how
many are plasmolysed. The students calculate the percentage of plasmolysed

cells for each concentration of sucrose.

Figure 4 shows the students’ results.

Figure 4
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Table 2 gives the osmotic potential of each concentration of sucrose solution.

Table 2

Concentration of sucrose
solution / mol dm-3

Osmotic potential / kPa 0 -540 | -1120 | -1800 | —2580 | -3510

0 6
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. E At equilibrium, 50% of the cells are plasmolysed. At equilibrium, the osmotic
potential of the onion cells equals the osmotic potential of the sucrose solution
surrounding the cells.
What is the approximate osmotic potential of the onion cells?
Use information from Figure 4 and Table 2.
[1 mark]

Tick (v') one box.
-2580 kPa
1030 kPa N4

0 kPa

0.37 kPa

. E Suggest two improvements the students could make to find a more accurate
value for the osmotic potential of the onion cells.
[2 marks]
4 Use more concentrations at closer intervals of sucrose concentration
around the osmotic potential of the cells, e.q. every 0.0S mol dm™
from 0.3 to 0.S.
5 Count more than 20 cells in each concentration, e.g. 100 cells, and
repeat the count on several slides to calculate a mean.
12
Turn over for the next question

Turn over »

07

stemup.co.uk G/Jan20/BL05


https://stemup.co.uk

Do not write
outside the
box

Water moves upwards through a plant’s stem. Much of the water is lost by
evaporation from the plant’s leaves.

A potometer can be used to measure the rate of water uptake by a cutting from a
leafy plant.

Figure 5 shows a potometer.

Figure 5
/7\
=7\

Plant cutting K

Petroleum jelly
- Plastic tubing

e W == |

i Syringe containing water

Three-way tap

A

Millimetre scale —{F|||! )
— Capillary tube

| Air bubble

Beaker of water

Petroleum jelly
(waterproofing material)
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. |I| Plan an investigation to find out if water is lost at different rates from the upper

and the lower surfaces of the leaves on the cutting.
Use the apparatus shown in Figure 5.

Give reasons for any precautions you would take when using the apparatus.
[5 marks]

Cut the shoot under water and assemble the potometer under water,

so no air enters the xylem; seal joints with petroleum jelly so it is

airtight and watertight.

Use the tap and syringe to push water through and move the air

bubble back to the start (lower end) of the millimetre scale.

With no petroleum jelly on the leaves, measure the distance the air

bubble moves up the scale in a set time, e.g. 10 minutes (or record

its position every minute); this is the rate of water uptake for both

surfaces.

Repeat at least three times, resetting the bubble with the syringe,

and calculate a mean, to check the repeatability and so improve the

reliability and validity of the results.

Then cover the upper surface of all the leaves with petroleum jelly

and repeat; this gives the rate of water loss from the uncovered

lower surface. Repeat with only the lower surfaces covered (and with

both surfaces covered as a check).

Calculate the rate for the covered surface as the rate with no jelly

minus the rate with that surface covered.

Keep the temperature, light intensity, humidity and air movement

constant, e.g. a lamp at a fixed distance with a heat shield, as these

are confounding variables that also affect the rate of transpiration.

09
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. |Z| Draw a sketch graph to show the pattern of results you would expect from the
investigation you planned in question 02.1.
Give one reason for the type of graph you have drawn.
[3 marks]
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Reason 1 me graph, because time and the distance moved by the
bubble are both continuous variables.
8
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Guinea pigs are small mammals, often kept as pets.
Guinea pigs may have short hair or long hair.
The colour of the hair can be black or white.

A breeder has two guinea pigs with short, black hair.

The male guinea pig is homozygous for hair length, but heterozygous for hair
colour. The female guinea pig is heterozygous for hair length, but homozygous
for hair colour.

The breeder mates the guinea pigs several times.
All of the offspring have short, black hair.

Choose suitable symbols to represent the alleles for hair length and hair colour.
Your symbols should show which alleles are dominant and which alleles are
recessive.

[1 mark]
Allele for short hair = S Allele for long hair = S
Allele for black hair = B Allele for white hair = b
Complete the genetic diagram to explain the breeder’s results.
Use the symbols from your answer to question 03.1.
[3 marks]
Male Female
Parental phenotypes Short, black hair Short, black hair
Parental genotypes SSBb SsBB
Gamete genotypes SB and Sb SB and sB
g\eQ SB sB
SB SSBB SsBB
Sb SSBb SsBb
Offspring genotypes SSBB  SsBB  SSBb  SsBb
Offspring phenotypes All short, black hair

12
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The breeder then crosses the same female guinea pig with a different male. box

This male has long, white hair. After several crosses, 11 short, black-haired
offspring and 5 long, black-haired offspring are produced. The breeder expected
a 1:1 ratio of these phenotypes.

The breeder analyses the results using a X2 test.

n . E Why does the breeder use a X2 test, and not use standard errors and
95% confidence limits?
[2 marks]

X> tests the significance of the difference between observed and

expected results.

Standard errors and 95% confidence limits test the significance of

the difference between two means.

. E A statistical test helps to determine the probability of a null hypothesis being
correct.

State a suitable null hypothesis for this investigation.
[1 mark]

There is no significant difference between the observed and expected

results; any difference is due to chance.

Question 3 continues on the next page

Turn over »
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.[5] The calculated value of X2 for this investigation is X2 = 2.25

Table 3 gives probability values for different values of XZ.

Table 3
Degrees of Probability value
freedom | 99 0.95 0.10 0.05 0.01 | 0.001
1 0.0002 0.0039 2.71 3.84 6.63 10.83
2 0.020 0.103 4.61 5.99 9.21 13.82
3 0.115 0.352 6.25 7.81 11.34 16.27
4 0.297 0.711 7.78 9.49 13.28 18.47
Explain if the observed results fit the expected 1:1 ratio.
Use the calculated value of X2 = 2.25 and data from Table 3.
[3 marks]

Yes, the results fit the expected I:| ratio.

There are 2 phenotypes, so there is | degree of freedom.

The value closest to x> = 2.25 is 2.7], at P = 0.10, so P > 0.0S; x°

is less than the critical value of 3.84.

So the divergence from the expected result is not significant; it is

due to chance, so the null hypothesis is accepted.
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. E The breeder has some male and female guinea pigs with long, white hair.

The breeder also has many guinea pigs with short, black hair. Some of these
guinea pigs may be homozygous for both conditions.

The breeder wishes to produce a stock of guinea pigs with short, black hair, all of
which are homozygous for both conditions.

Describe how the breeder could do this.
[4 marks]

Cross each short, black male with a long, white female (ssbb), and

cross each short, black female with a long, white male (a test

€ross).

If all the offspring are short and black, repeat the cross several

times to confirm; the parent is SSBB, so use these short, black

parents to establish the breeding stock.

If any offspring are long and black, short and white, or long and

white, the short, black parent is heterozygous, so reject it.

Then cross the suitable short, black (SSBB) guinea pigs together to

build up the stock.
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A student investigates the growth of barley seedlings.

The student:

measures the dry mass of a barley seed

plants eight more barley seeds, each in a different pot of soil

adds the same volume of water to each pot every day

measures the dry mass of one of the barley seedlings every week.

Figure 6 shows the student’s results.
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. |I| Explain why the dry mass of the barley seedlings decreases during the first week.
[2 marks]
The seed respires its stored food (starch) to release energy for
germination.
Carbon dioxide and water are released, so dry mass is lost; there are
no leaves to photosynthesise yet.
. |Z| Calculate the rate of growth of the barley seedlings at 5 weeks.
Measure the rate of growth by drawing a tangent to the curve in Figure 6.
Give your answer in milligrams per day, correct to the nearest milligram.
[2 marks]
tangent at S weeks goes from (4, 0.03 g) to (9, 0.70 g)
gradient = (0.70 — 0.03) g = S weeks = 0.134 g week™
= (0.70 — 0.03) x 1000 + (§ x 7) = 670 = 35S = 19.] mg day™
Rate of growth at 5 weeks = 19 mg day~1
Question 4 continues on the next page
Turn over »
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Groundsel is a common weed found growing in barley fields.

The student investigates the effect of groundsel on the growth of barley seedlings.
The student repeats the first investigation but includes three groundsel seeds in
each pot of soil as well as the barley seed.

At 5 weeks, the student measures the rate of growth of the barley seedlings as
6 mg day~1

Suggest one reason for the decreased rate of growth of the barley seedlings with
groundsel.
[1 mark]

Competition from the groundsel for water, mineral ions (eg. nitrate)

and light.

Suggest two improvements to the student’s investigation of the effect of
groundsel on the growth of barley seedlings.
[2 marks]

1 Use a larger number of barley seeds, and repeat, measuring several

seedlings each week to calculate a mean dry mass.

o Use different relative densities of barley and groundsel seeds, eg. |,

3 and 6 groundsel seeds per barley seed.
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People with Type 2 diabetes often have a higher concentration of glucose in their
blood than people who do not have diabetes.

Doctors measured the concentrations of glucose and of insulin in the blood of two
groups of people:

e patients with Type 2 diabetes
e a control group of people without Type 2 diabetes.

Table 4 shows the doctors’ results.

Table 4

Mean value (* standard deviation)

With Type 2 Without Type 2
diabetes diabetes
Glucose concentration / mmol dm=3 10.87 (£ 3.76) 4.49 (£ 0.53)
Insulin concentration / mUnits dm~=3 25.39 (£ 3.51) 15.03 (£ 1.46)

The two groups are matched for a number of factors, including age.

Suggest two other factors.
[2 marks]

1 Gender (sex).

o Body mass index (body mass); also diet, exercise and no other

health disorders.

Describe two ways that the results for patients with Type 2 diabetes are different
from the results for the people without Type 2 diabetes.
[2 marks]

People with Type 2 diabetes have a significantly higher mean blood

glucose concentration (10.87 compared with 4.99 mmol dm=3) and a

significantly higher mean insulin concentration (25.39 compared with

15.03 mUnits dm™3).

Their results are more variable: the standard deviations are higher.

2 0
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[0]5].[3]

Table 4 gives each result as a mean value + standard deviation.

Explain why it is better to give the mean value £ standard deviation rather than

the range of the results.
[2 marks]

The mean + SD uses all the measurements and shows the spread of

the data about the mean; it can be used in a statistical test to see

if a difference between means is significant.

The range uses just the two extreme values, which could be

anomalous (atypical), so it is not representative.

Some of the glucose in the blood combines with haemoglobin to form a stable
compound called ‘HbA1c’. Because HbA1c is stable, the percentage of HbA1c in
a blood sample is a measure of the glucose concentration in the blood over the
previous few weeks.

The percentage of HbA1c is a more useful measurement for diagnosing Type 2
diabetes than measuring the actual glucose concentration in a blood sample.

Explain why.
[3 marks]

HbAlc is a long-term measure, so it shows the more typical (mean,

average) blood glucose concentration for the person over several

weeks.

A blood glucose concentration is a one-off measure at the time of

sampling.

It could be atypical, e.g. high just after eating, or low after fasting or

exercise.

Question 5 continues on the next page
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A group of scientists investigate the use of drugs to reduce the blood glucose
concentration of people with Type 2 diabetes.

In a clinical trial, the scientists give daily doses of the drug Linagliptin to 618
people with Type 2 diabetes and a placebo to another 617 people with Type 2
diabetes. Every 6 weeks, the scientists take a blood sample from each of the
1235 people. The scientists measure the percentage of HbA1c in each blood
sample.

Table 5 shows the results.

Table 5
Time / Mean change in % HbA1c (* standard deviation)
weeks Linagliptin Placebo
0 0.00 0.00
6 -0.45 (£ 0.04) 0.00 (+0.04)
12 -0.65 (+0.05) +0.02 (+0.06)
18 -0.68 (+ 0.06) +0.02 (+0.06)
24 -0.65 (+0.06) +0.07 (x0.05)

. E The scientists compare the results for Linagliptin with the results for the placebo

using a statistical test. The test gives a probability value, P < 0.0001

Explain what this means.
[2 marks]

There is a significant difference between the change in % HbAlc

with Linagliptin and with the placebo.

We can be more than 99.99% certain that this difference s not due

to chance (less than 0.01% probability that it is due to chance).

2 2

stemup.co.uk G/Jan20/BL05

Do not write
outside the
box


https://stemup.co.uk

23

Figure 7 shows the relationship between HbA1c concentration and glucose
concentration in human blood.

Figure 7
14 T
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The mean concentration of HbA1c for the people taking Linagliptin at the start of
the trial is 8.3%.

What is the mean glucose concentration in the blood of the people taking
Linagliptin at the start of the trial and after 24 weeks?

Use information from Table 5 and Figure 7.

[2 marks]
Glucose concentration at the start = 10.7 mmol dm~3
Glucose concentration after 24 weeks = .6 mmol dm~3

The drug trial with Linagliptin does not bring the mean glucose concentration in
the blood down into the healthy range.

Suggest one other way that people with Type 2 diabetes could lower their blood
glucose concentration.
[1 mark]

Reduce the sugar (carbohydrate) intake in the diet and increase

exercise.

2 3
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You are reminded that 2 marks will be awarded
for the quality of your written communication in question 6.

Proteins are large molecules found in all living cells.

. E Describe the structure of a protein molecule.

[6 marks]

A protein is a polymer made of many amino acid monomers. Each

amino acid has an amine group (—NH), a carboxyl group (—COOH)

and a variable R group.

Amino acids are joined by condensation reactions between the —COOH

of one and the —NH, of the next, forming peptide bonds and

releasing water, to give a polypeptide.

The primary structure is the sequence of amino acids in the

polypeptide chain.

The secondary structure is the folding of the chain into an a-helix

or a B-pleated sheet, held by hydrogen bonds between —N-H and

0=C— groups in the backbone.

The tertiary structure is the further complex folding into a specific

3-D shape, held by interactions between R groups: ionic bonds,

disulfide bridges between sulfur-containing R groups, hydrogen bonds

and hydrophobic interactions.

The quaternary structure is the association of more than one

polypeptide chain, e.g. four in haemoglobin; some proteins also have

prosthetic groups such as haem.

Some proteins are globular and soluble, e.q. enzymes and antibodies;

others are fibrous, e.g. collagen.

2 4
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. |Z| Describe how proteins are synthesised in eukaryotic cells.

[6 marks]

The amino acid sequence (primary structure) of a polypeptide is

determined by the base sequence of a gene in DNA.

Three bases (a triplet) code for one amino acid, and the sequence of

triplets codes for the sequence of amino acids.

In transcription, the DNA unwinds and one strand acts as a

template; RNA nucleotides (triphosphates) pair by complementary

base pairing, and the enzyme RNA polymerase joins them to form

pre-mRNA.

Pre-mRNA is modified by splicing: the introns (non-coding sequences)

are cut out and the exons joined, forming functional mRNA, which

leaves the nucleus through a nuclear pore.

In translation, the mRNA binds to a ribosome. Each tRNA carries a

specific amino acid (amino-acyl-tRNA) and its anticodon binds to the

complementary codon on the mRNA by hydrogen bonding.

Translation begins at the start codon (AUG); peptide bonds form

between adjacent amino acids using ATP, and the ribosome moves

along the mRNA until a stop codon (e.g. VAA, VAG) is reached.

The polypeptide chain is then folded into its specific 3-D shape,

helped by chaperone proteins, and may be modified in the Golgi

apparatus.

2 5
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. Outline the different ways that proteins are important to living organisms.

[6 marks]

Structural proteins: collagen in tendons (inelastic, fibrous) and elastic

fibres in ligaments; proteins in cell membranes and in ribosomes.

Movement: actin and myosin in muscle contraction and cyclosis in

cells; spindle fibres (microtubules) move chromosomes in mitosis and

meiosis.

Enzymes are specific catalysts for all metabolic reactions, e.g.

amylase and DNA polymerase.

Transport across membranes: channel proteins (aquaporins, Na* and

K* channels in neurones), carrier proteins for facilitated diffusion and

co-transport (Na™ and glucose), and active transport by the Na*/K*

ATPase pump.

Receptors for hormones (e.g. insulin, glucagon) and neurotransmitters

(e.g. acetylcholine).

Defence: antibodies bind specifically to antigens.

Mass transport: haemoglobin carries oxygen in the blood.

Gene expression: histones, repressors and transcription factors.

Plasma proteins (albumins and globulins) maintain the water potential

of the blood; hormones such as insulin are proteins.
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