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SECTION A

You should spend a maximum of 40 minutes on this section.

Write your answer to each question in the box provided.

Answer all the questions. 

1 Which of the options, A to D, is the potency of adult bone marrow stem cells?

 A multipotent

 B pluripotent

 C totipotent

 D unipotent

 Your answer 
[1]

2 Which of the molecules, A to D, reduces the permeability of the plasma membrane to most 
substances?

 A carbohydrate

 B cholesterol

 C glycoprotein

 D protein

 Your answer 
[1]

3 To which of the substances, A to D, is the plasma membrane of an axon least permeable?

 A ATP

 B glucose

 C K+

 D Na+

 Your answer 
[1]

A

D

A
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4 Which of the following, A to D, describes the structure of haemoglobin?

 A each of the four polypeptide chains is combined with an identical haem group

 B each polypeptide chain has a quaternary structure

 C the quaternary structure of each polypeptide chain contains ionic bonds

 D two polypeptide chains contain an alpha haem group and two contain a beta haem group

 Your answer 
[1]

5 Which of the following statements is/are true of anaerobic respiration in both animal and yeast 
cells?

 1:  Pyruvate is produced in glycolysis.

 2: Reduced NAD is oxidised.

 3: Two molecules of ATP are produced net, per glucose molecule.

 A 1, 2 and 3 are correct

 B Only 1 and 2 are correct

 C Only 2 and 3 are correct

 D Only 1 is correct

 Your answer 
[1]

6 The diagram below shows the structure of an amino acid. Four regions are labelled A to D.

 

C

H
B

D

A C

N

H

H C

O

OH

R

 Which of the regions, A to D, is removed from the amino acid to produce urea? 

 Your answer 
[1]

A

A

A
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7 Which of the cell organelles, A to D, is most likely to increase the mass of a newly-translated 
protein?

 A Golgi apparatus

 B lysosome

 C nucleus

 D smooth endoplasmic reticulum

 Your answer 
[1]

8 Which of the following statements is/are true of variable number tandem repeats (VNTRs) and 
single nucleotide polymorphisms (SNPs)?

 1: Both VNTRs and SNPs are only found in intronic regions of DNA.

 2: VNTRs are used in forensics to identify potential crime suspects.

 3: VNTRs are generally more polymorphic than SNPs.

 A 1, 2 and 3 are correct

 B Only 1 and 2 are correct

 C Only 2 and 3 are correct

 D Only 1 is correct

 Your answer 
[1]

9 Which of the protein types, A to D, could be coded for by a tumour suppressor gene?

 A a protein activated by a growth factor

 B a protein that helps prevent apoptosis

 C a protein that promotes the cell cycle

 D a protein that repairs DNA

 Your answer 
[1]

A

C

D
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10 Which of the components, A to D, is not present in the human immunodeficiency virus?

 A glycoprotein

 B helicase

 C reverse transcriptase

 D RNA

 Your answer 
[1]

11 Chromosome 1 in humans is composed of 2.5 × 109 base pairs.

 DNA polymerase has an error rate of 1 base per 108 bases.

 Which of the options, A to D, is the theoretical number of incorrect bases incorporated by DNA 
polymerase during replication of chromosome 1?

 A 2.5

 B 5

 C 25

 D 50

 Your answer 
[1]

12 Which of the options, A to D, describes an indirect role of glucagon?

 A condensation

 B esterification

 C hydrolysis

 D oxidation

 Your answer 
[1]

B

D

C
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13 Hypoalbuminaemia is a condition in which blood albumin levels are low. Albumin is a plasma 
protein.

 Which of the options, A to D, is a correct explanation of why hypoalbuminaemia leads to 
accumulation of tissue fluid?

 A decrease in blood pressure

 B decrease in oncotic pressure

 C increase in blood pressure

 D increase in oncotic pressure

 Your answer 
[1]

14 A body temperature measurement is 37.6 ºC with an absolute uncertainty of 0.2 ºC.

 Which of the options, A to D, is the relative uncertainty for this temperature measurement?

 A 0.20%

 B 0.27%

 C 0.53%

 D 1.06%

 Your answer 
[1]

B

C
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15 A patient was assessed for pulmonary function. 

 The volume of air breathed during a normal breath was 0.5 dm3 in and 0.5 dm3 out. The volumes 
of air breathed in and out during a maximum possible breath were seven times greater. 

 The estimated total lung volume was 4.5 dm3.

 Which of the options, A to D, is an estimate of residual volume in the patient?

 A 1.0 dm3

 B 3.5 dm3

 C 4.0 dm3

 D 5.0 dm3

 Your answer 
[1]

16 Gas exchange in the lungs occurs as a function of partial pressure differences in oxygen and 
carbon dioxide between the alveoli, and blood in the pulmonary capillaries.

 Which of the rows, A to D, shows the partial pressure values that would allow efficient gas 
exchange in a healthy lung?

Alveoli Pulmonary capillaries

pO2 (mmHg) pCO2 (mmHg) pO2 (mmHg) pCO2 (mmHg)

A 104 40 40 45

B 40 40 104 45

C 40 104 45 40

D 104 45 40 40

 Your answer 
[1]

A

A
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17 Benign prostatic hyperplasia (BPH) is an age-related condition in men.

 Which of the options, A to D, is true of prostate cells in the development of BPH?

 A cells become smaller

 B cells increase in number

 C cells increase in size 

 D cells merge together

 Your answer 
[1]

18 A population of 1000 cancer cells was growing in culture. The doubling time of the cells was 36 
hours.

 Which of the options, A to D, is the theoretical number of cells present after 6 days? 

 A 3600

 B 6000

 C 16 000

 D 36 000

 Your answer 
[1]

19 Which of the following statements is/are true of herd immunity?

 1:  Herd immunity can protect against all diseases.

 2: Herd immunity may eventually eradicate a disease from a population.

 3:  The more infectious the disease, the higher the proportion of individuals that must be 
vaccinated.

 A 1, 2 and 3 are correct

 B Only 1 and 2 are correct

 C Only 2 and 3 are correct

 D Only 1 is correct

 Your answer 
[1]

B

C

C
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20 Which of the cell types, A to D, initiates the secondary immune response?

 A helper T cell

 B memory B cell

 C plasma B cell

 D regulatory T cell

 Your answer 
[1]

21 The diagrams A to D represent different setups of an agarose gel electrophoresis experiment.

 Each diagram shows an agarose gel and the positive and negative electrodes. DNA samples are 
loaded into the four wells at the top of each gel.

–
A

+

+

C

–

–

B

+ +

D

–

 Which of the diagrams, A to D, shows the correct positioning of electrodes?

 Your answer 
[1]

22 Which of the imaging techniques, A to D, uses X-rays to detect cancerous lung tissue?

 A computed tomography imaging

 B magnetic resonance imaging

 C mammography

 D ultrasound

 Your answer 
[1]

B

A

A

stemup.co.uk

https://stemup.co.uk


10

© OCR 2020

23 Which of the cancer treatments, A to D, can result in the need for a bone marrow stem cell 
transplant?

 A chemotherapy

 B hormone therapy

 C immunotherapy

 D surgery

 Your answer 
[1]

24 Which of the methods, A to D, is considered the least accurate method of measuring core body 
temperature?

 A axillary

 B oral

 C rectal

 D tympanic

 Your answer 
[1]

A

A
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25 An experiment collected data on the effect of ageing on reaction times.

 Participants were placed into age groups, as shown in the table below.
 

Age group Number of participants

18–29 43

30–39 39

40–49 45

50–59 40

60–69 44

70–79 39

 Which of the statistical tests, A to D, is suitable to analyse the data produced in this experiment?

 A chi-squared test

 B paired Student’s t-test

 C standard deviation

 D unpaired Student’s t-test

 Your answer 
[1]

26 Which of the following statements is/are true of haemodialysis?

 1: Haemodialysis is often performed under medical supervision.

 2:  Molecules move from the patient’s blood into the dialysis fluid by facilitated diffusion.

 3:  The water potential of the dialysis fluid is significantly greater than that of the patient’s blood.

 A 1, 2 and 3 are correct

 B Only 1 and 2 are correct

 C Only 2 and 3 are correct

 D Only 1 is correct

 Your answer 
[1]

D

D
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27 Which of the units, A to D, is suitable in calculating the energy content of areas of tidal mud?

 A megajoules (MJ)

 B MJ m–1

 C MJ m–2

 D MJ m–2 yr –1

 Your answer 
[1]

28 Which of the biological events, A to D, results from the activity of gibberellins during germination?

 A synthesis of amylase in the aleurone

 B synthesis of amylase in the endosperm

 C synthesis of amylose in the aleurone

 D synthesis of amylose in the endosperm

 Your answer 
[1]

29 Water flows continuously through xylem vessels due to cohesion.

 Which of the options, A to D, is responsible for the cohesive properties of water?

 A covalent bonds

 B hydrogen bonds

 C hydrophobic interactions

 D ionic bonds

 Your answer 
[1]

C

A

B
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30 At high altitude, the lower atmospheric pressure decreases the water content of air.

 Which of the options, A to D, describes the likely consequence of high altitude on transport 
pathways in plants?

 A increases translocation rate

 B increases transpiration rate

 C no effect on transport pathways

 D prevents transpiration

 Your answer 
[1]

B
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SECTION B

Answer all the questions.

31 This question is about the female reproductive system and pregnancy.

 (a) (i) Name the part of the reproductive system in which fertilisation occurs.

 ...................................................................................................................................... [1]

  (ii) Fertilisation in humans involves a series of biological events that result in the formation 
of a zygote.

   Some events in fertilisation are summarised in statements A to F below.

A digestion of zona pellucida

B completion of meiosis II

C passage of sperm cell through follicular cells

D nuclear fusion

E digestion of plasma membrane of secondary oocyte

F exocytosis of acrosome contents

   Place the letters A to F representing the event statements into the correct order below. 
Statement E has been done for you.

      E       
 [2]

oviduct (Fallopian tube)

C F A D B
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 (b) (i) Pregnancy testing involves the use of antibodies. The antigen-binding site of an antibody 
recognises its antigen. 

   Describe the structure of the antigen-binding site.

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...................................................................................................................................... [2]

  (ii) The diagram in Fig. 31.1 shows a pregnancy test strip.

   During the test, urine is deposited onto the sample pad and it migrates along the strip 
until it passes the control region.

   Three regions of the strip that contain antibodies at the start of the test are labelled 
A to C.

   The antibodies in region A, the antibody-antigen binding region, have a coloured dye 
attached that is visible by eye.

   
antibody-antigen
binding region (A)

control region (C)

test region (B)sample pad

Fig. 31.1

   Outline the role of the antibodies in each region of the test strip, A to C, in Fig. 31.1.

region A  .............................................................................................................................

 ...........................................................................................................................................

region B  .............................................................................................................................

 ...........................................................................................................................................

region C  .............................................................................................................................

 ...........................................................................................................................................
[3]

The antigen-binding site is in the variable region at the tip of each arm

of the antibody, formed by the end of one light chain and one heavy

chain.

Its amino acid sequence gives it a specific shape that is complementary

to the antigen.

antibodies bind to hCG (human chorionic gonadotropin) in the

urine and are carried along the strip with the urine

fixed antibodies bind (capture) the hCG-bound dyed antibodies,

so a coloured line appears if pregnant

fixed antibodies bind (capture) the unbound (excess) dyed

antibodies, showing the test has worked
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 (c)* During the menopause in women, menstruation becomes irregular and eventually ceases. 

  The menopause is associated with changes in the blood concentrations of some hormones.

  Fig. 31.2 shows the mean blood concentrations of follicle-stimulating hormone (FSH) and 
oestrogen in a group of women from six years before the menopause to eight years after.
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Fig. 31.2

  Describe and explain the changes in blood FSH and oestrogen concentrations shown in 
Fig. 31.2. [6]

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

FSH increases from about 15 IU L-1 six years before the menopause to about

45 IU L-1 at the menopause and 75 IU L-1 at 4 years after, then reaches a

plateau. Oestrogen stays roughly constant at about 138 pg mL-1 until 4 years

before, then decreases steeply to about 80 pg mL-1 at the menopause and 40

pg mL-1 at 2 years after, levelling off at about 30 pg mL-1.

FSH starts to increase (from 6 years before) before oestrogen starts to

decrease (from about 2 to 4 years before), and the curves cross about 1

year before the menopause, suggesting a threshold is reached for the

menopause.

Oestrogen falls because fewer oocytes (fewer primordial follicles) remain in

the ovaries, and the remaining follicles are less likely to develop, so less

oestrogen is secreted by the follicles.
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 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

  Additional answer space if required.

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

FSH rises because the follicles become less sensitive to FSH, so more FSH is

released to try to stimulate them. Also, oestrogen normally inhibits FSH

release from the anterior pituitary by negative feedback. As oestrogen declines

this inhibition is lost, so FSH levels rise and stay high.
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32 Model organisms such as Drosophila melanogaster (fruit fly) and Pisum sativum (common pea 
plant) are often used to study patterns of inheritance.

 (a) Suggest one advantage and one disadvantage of using D. melanogaster over P. sativum as 
a model organism.

advantage  .................................................................................................................................

 ...................................................................................................................................................

disadvantage  ............................................................................................................................

 ...................................................................................................................................................
 [2]

 (b) An experiment was carried out to investigate the inheritance of plant height and flower colour 
in P. sativum.

  The allele for tall stems is dominant to the allele for dwarf stems. The allele for purple flower 
colour is dominant to the allele for white flower colour.

  (i) Two plants, both heterozygous for each trait, were crossed. State the genotype of the 
parental plants using the letters R for plant height and Y for flower colour.

 ...................................................................................................................................... [1]

  (ii) Crossing of the parental plants produced 320 offspring. The numbers of offspring with 
each phenotype are shown in the table below.

Phenotype Observed 
(O)

Expected
(E) O – E (O – E)2 (O – E)2

 E

tall stems, purple flowers 175

dwarf stems, purple flowers  57

tall stems, white flowers  63

dwarf stems, white flowers  25

   Calculate chi-squared, χ  2.

   Use the formula:  χ  2 = Σ 
(O – E)2

E

   You can complete the table to help.

 χ  2 =  .........................................................  [4]

shorter generation time, so it reproduces quickly and many

generations can be studied; small size so ideal for the laboratory

harder to handle, as flies must be anaesthetised (or killed) to be

examined, raising ethical issues; needs temperature control

RrYy × RrYy

180 −5 25 0.139
60 −3 9 0.150
60 3 9 0.150
20 5 25 1.250

χ2 = 0.139 + 0.150 + 0.150 + 1.250

1.69
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  (iii) The table below is a χ  2 significance table.

p% 99 97.5 95 90 10 5.0 2.5 1.0 0.5

v = 1 0.0001 0.0010 0.0039 0.0158 2.706 3.841 5.024 6.635 7.879

2 0.0201 0.0506 0.103 0.211 4.605 5.991 7.378 9.210 10.60

3 0.115 0.216 0.352 0.584 6.251 7.815 9.348 11.34 12.84

4 0.297 0.484 0.711 1.064 7.779 9.488 11.14 13.28 14.86

   With reference to the χ  2 significance table, what statistical conclusion can be made 
from this experiment?

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...................................................................................................................................... [2]

 (c) Scientists often model human genetic diseases, such as Huntington’s disease, in  
D. melanogaster.

  Describe the genetic basis of Huntington’s disease.

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 .............................................................................................................................................. [2]

There are 3 degrees of freedom (4 − 1), so the critical value at p =

0.05 (5%) is 7.815. As 1.69 is less than 7.815 (p is between 10% and

90%), there is no significant difference between the observed and

expected results: any deviation is due to chance, so the null hypothesis is

accepted.

It is caused by a gene mutation in the huntingtin (HTT) gene and is

autosomal dominant, so one mutant allele causes the disease. The mutation is

an insertion: an expanded CAG trinucleotide repeat (stutter), so the protein

has a long chain of glutamine.
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33 Renal glucosuria is a rare condition in which glucose is excreted in the urine despite normal or low 
blood glucose levels.

 (a) (i) Outline a test that could be used to detect glucose in a urine sample.

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...................................................................................................................................... [2]

  (ii) Draw the ring structure of a molecule of glucose in the space below.

 [2]

 (b) Familial renal glucosuria (FRG) is caused by mutations in the gene coding for the sodium-
glucose cotransporter SGLT2. These mutations cause a reduction in SGLT2 protein or 
complete loss of SGLT2 protein function. 

  Fig. 33.1 shows SGLT2 in the plasma membrane of a cell in the kidney nephron.

glucose
SGLT2

glucose
bloodfiltrate

Na+

Na+
K+

 Fig. 33.1

  Name the main area of the kidney, and the precise region of the nephron, in which the cell 
shown in Fig. 33.1 is located.

main area of the kidney  ............................................................................................................

precise region of the nephron  ...................................................................................................

 ...................................................................................................................................................
[2]

Add Benedict's reagent to the urine sample and heat in a boiling water

bath for a few minutes.

If glucose is present the colour changes from blue to green, yellow,

orange or brick red, as copper(II), Cu2+, is reduced to copper(I), Cu+.

(renal) cortex

proximal convoluted tubule (PCT)

O H

OH
H

OH

OH

H

H

HO

CH2OH

H
1

23

4

5

α-glucose
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 (c) FRG is classified into type A, type B and type O.

  Fig. 33.2 shows the relationship between blood glucose concentration and glucose 
reabsorption in healthy individuals and in patients with each type of FRG.

0 5 10 15 20
blood glucose concentration (mmol dm–3)

glucose
reabsorption

(a.u.)

healthy
type B

type A

type O

Fig. 33.2

  Discuss the evidence in Fig. 33.2 to show that severity of renal dysfunction can vary among 
patients with FRG.

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 .............................................................................................................................................. [3]

 (d) (i) Patients with FRG often produce excessive quantities of urine. Suggest why.

 ...........................................................................................................................................

 ...................................................................................................................................... [1]

  (ii) Explain how concentration of urine is regulated in healthy individuals.

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...................................................................................................................................... [3]

Type O patients reabsorb no glucose at any blood glucose concentration, so
they have the most severe dysfunction (complete loss of SGLT2 function).
Type A patients reabsorb glucose like healthy people at low concentrations,
but reabsorb no more glucose at blood glucose concentrations above about 10

mmol dm-3 (lower plateau): moderate dysfunction.
Type B patients' glucose reabsorption is similar to the healthy state, only
slightly lower, so the mildest dysfunction.

Glucose stays in the filtrate, lowering its water potential, so less water is
reabsorbed from the filtrate by osmosis.

Osmoreceptors in the hypothalamus detect the water potential (Ψ) of
the blood. If it is low, ADH (antidiuretic hormone) is released from the
posterior pituitary.
ADH causes insertion of aquaporins into the membranes of collecting duct
cells, so more water is reabsorbed from the collecting duct by osmosis.
So the solute concentration of the urine increases and blood Ψ increases.
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34 Mitochondria are small eukaryotic organelles that generate ATP for cellular activity.

 The image below is an electron micrograph of a mitochondrion. Two structures are labelled X and Y.

 

Y

X

 (a) Identify structures X and Y in the micrograph and explain how they adapt the mitochondrion 
to its function.

structure X  ................................................................................................................................

structure Y  ................................................................................................................................

explanation  ...............................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................
[3]

outer (mitochondrial) membrane

inner membrane folded into cristae

Cristae give a large surface area for respiratory enzymes and ATP

synthase (oxidative phosphorylation). The double membrane allows

accumulation of H+ (protons), generating a proton gradient.
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 (b) The chemiosmotic theory was first proposed by Peter Mitchell in 1961. It has since been 
confirmed by experiments using isolated mitochondria.

  One of the experiments was conducted as follows:

• Mitochondria were isolated from liver cells.
• The mitochondria were transferred to a buffer solution.
• The solution was poured into glass dishes, labelled A to D, to which ADP, Pi  

(inorganic phosphate) and other substances were added.
• Oxygen was excluded from dish B.
• After a period of time, the dishes were checked for the presence of ATP.  

  The results of the experiment are shown in the table below.

Contents of dish ATP present?
Dish A mitochondria + ADP + Pi + acetyl CoA yes
Dish B mitochondria + ADP + Pi + acetyl CoA no
Dish C mitochondria + ADP + Pi + low concentration of acid (H+) no
Dish D mitochondria + ADP + Pi + high concentration of acid (H+) yes

  (i) Describe what is meant by the term chemiosmosis.

 ...........................................................................................................................................

 ...................................................................................................................................... [1]

  (ii) Using your knowledge of mitochondrial respiration, explain the results for dishes B 
and C.

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...................................................................................................................................... [4]

the diffusion of hydrogen ions (protons) down their gradient across the

inner mitochondrial membrane through ATP synthase, producing ATP

Dish B: there is no oxygen. Oxygen is the final electron acceptor of the

electron transport chain, so without oxygen, water cannot be formed,

electrons cannot pass along the chain and it stops.

So H+ (protons) are not pumped across the inner membrane through the

enzyme complexes, no proton gradient forms and no ATP is made.

Dish C: the low concentration of acid (H+) means no H+ gradient is

generated across the inner membrane.

So H+ do not diffuse through ATP synthase and ATP synthase is not

able to generate ATP by oxidative phosphorylation.
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 (c) The volume of buffered mitochondria solution in each dish was controlled.

  State one other variable in the experiment and explain why it should be controlled.

variable  .....................................................................................................................................

 ...................................................................................................................................................

explanation  ...............................................................................................................................

 ...................................................................................................................................................
[2]

 (d) The experiment was extended by adding different metabolic intermediates to the dishes, such 
as succinate and oxaloacetate. Production of ATP was then measured quantitatively.

  (i) Name a technique that can determine the concentration of a known molecule in a 
solution by measuring light absorbance.

 ...................................................................................................................................... [1]

  (ii) Suggest an appropriate unit for quantitative ATP measurement.

 ...................................................................................................................................... [1]

temperature (of the dishes)

temperature affects enzyme activity (e.g. ATP synthase); a high

temperature may denature enzymes, changing the rate of ATP production

colorimetry (using a colorimeter)

nmol cm-3
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35 Translocation is the movement of organic substances made by a plant from one region to another 
along phloem tissue.

 (a) Explain why plants require transport systems. 

 ...................................................................................................................................................

 .............................................................................................................................................. [1]

 (b) Aphids are small insects that feed on plants by inserting their tube-like mouthparts into 
phloem tissue, where they extract sap.

  The diagram shows an aphid feeding from the stem of a plant.

  

  (i) Name the sugar most commonly translocated.

 ...................................................................................................................................... [1]

  (ii) After an aphid removes its mouthpart, sap continues to flow to the surface of the stem.

   Explain why.

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...................................................................................................................................... [2]

  (iii) Some plant tissues are described as sources and sinks. 

   Explain why the stem tissue in the diagram could be described as neither a source nor a 
sink.

 ...........................................................................................................................................

 ...................................................................................................................................... [1]

Diffusion alone cannot meet the required movement of substances, as plants

are large with a small surface area to volume ratio and long distances.

sucrose

Sap in the phloem sieve tubes is under high hydrostatic pressure.

This pressure is created by the movement of water into the phloem by

osmosis at the source (after sucrose is loaded), so sap is forced out

through the opening by mass flow.

It does not produce sucrose and does not store or consume sucrose from

the phloem; it only transports sugars between source and sink.
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  (iv)* Investigators could use the example of aphids in experiments to provide evidence of 
translocation. In these experiments, a fine glass tube is inserted into the phloem vessels 
and broken off at the stem surface. Droplets of sap forming at the stem surface drip from 
the plant.

   Design an experiment using such tubes to investigate the effect of temperature on the 
rate of translocation. 

   In addition to basic laboratory apparatus, you are provided with the following:
• a room with temperature control
• plants with leafy tips and long, bare stems
• fine glass tubes.

   Your answer should include details of appropriate methods to analyse data and measures 
to ensure validity of the results obtained.

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...................................................................................................................................... [6]

   Additional answer space if required.

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

Use plants of the same species and height with leafy tips (source) and

long bare stems, with the stem positioned horizontally. Insert a fine glass

tube into the phloem of the stem, at the same height (distance from

the leaves) on every plant, and break it off at the stem surface so sap

drips out.

Independent variable: temperature, set using the temperature-controlled
room, e.g. 10, 15, 20, 25 and 30 °C, leaving each plant to acclimatise
for 30 minutes.

Dependent variable: count the number of drops, or collect the drops and
measure the volume of sap (e.g. in a graduated micropipette), over a
fixed period of time, e.g. 1 hour. Rate = volume ÷ time.

Validity: control other variables that affect translocation, e.g. same light
intensity, humidity, plant species, plant age and height, and the same

height of tube on the stem. Do repetitions (at least 3 plants at each

temperature) and calculate means, ignoring anomalies.

Analysis: plot a line graph of mean rate against temperature with range

bars, and use Spearman's rank correlation coefficient to test for a

significant correlation between temperature and rate (or a Student's

t-test to compare two temperatures).
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36 Fig. 36.1 is a light micrograph showing a group of cells prepared from an onion root tip. 

 Five cells are labelled P to T.

 

P
T

S
Q

R

 Fig. 36.1

 (a) (i) Identify the stages of mitosis shown in cells labelled P to S. Write your answers in the 
table below.

Cell Stage of mitosis

P ...............................................................................

Q ...............................................................................

R ...............................................................................

S ...............................................................................
 [2]

  (ii) Cytokinesis in plant cells includes a step absent from cytokinesis in animal cells. 

   State how that step allows two cells to be formed from cell T.

 ...........................................................................................................................................

 ...................................................................................................................................... [1]

A cell plate is laid down between the two new nuclei, forming a new cell

wall that divides cell T into two cells.

prophase

telophase

anaphase

metaphase
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 (b) A population of cells was isolated from an anther of a plant and viewed under a light 
microscope. The population comprised 254 cells, of which 118 were in interphase, 72 were in 
meiosis I and 64 were in meiosis II.

  (i) Calculate the percentage of cells undergoing reduction division in the cell population.

 percentage of cells = ....................................................... % [2]

  (ii) Explain how specific events in meiosis give rise to genetic variation. State the phase of 
meiosis in which each event takes place.

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...................................................................................................................................... [2]

Crossing over between non-sister chromatids of homologous chromosomes

in prophase I gives new combinations of alleles.

Independent (random) assortment of homologous chromosomes in

metaphase I / anaphase I, and of chromatids in metaphase II / anaphase

II, gives different combinations in gametes.

reduction division = meiosis I = 72 cells

(72 ÷ 254) × 100 = 28.35

28.3
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 (c) Apoptosis is a major mechanism of cell death that occurs as part of an organism’s growth and 
development. Several features of apoptosis are shared between animals and plants.

  Fig. 36.2 shows a plant cell in apoptosis.

phosphatidylserine

Fig. 36.2

  Describe three features of apoptosis that can be observed in the plant cell in Fig. 36.2.

1.  ...............................................................................................................................................

 ...................................................................................................................................................

2.  ...............................................................................................................................................

 ...................................................................................................................................................

3.  ...............................................................................................................................................

 ...................................................................................................................................................
 [3]

The cell and cytoplasm have shrunk, pulling away from the cell wall.

The nucleus has condensed and fragmented (chromatin condensation).

Phosphatidylserine is on the outer leaflet of the plasma membrane and the

cell surface (plasma) membrane forms blebs.
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37 The evolution of language in humans is one of the most challenging topics to research due to a 
lack of direct evidence. Instead, evidence must be drawn from indirect sources such as fossils, 
genetics and anatomical comparisons with other species. 

 (a) Scientists have proposed several theories to explain language evolution.

  Suggest one way in which scientists formally communicate their ideas to other scientists.

 ...................................................................................................................................................

 .............................................................................................................................................. [1]

 (b) The following text is a description of a theory of language evolution.

The Obligatory Reciprocal Altruism Theory (ORAT)

The obligatory reciprocal altruism theory states that honesty is required for language to 
evolve. In the context of language, reciprocal altruism means that if you speak truthfully 
to me, I’ll speak truthfully to you. However, for language to be used across a whole 
community, trust and reciprocal communication must be enforced by all instead of being 
left to individual choice. Therefore, society as a whole must have been subjected to moral 
regulation.

  Compare the obligatory reciprocal altruism theory with other named theories of language 
evolution.

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 .............................................................................................................................................. [3]

 (c) Bipedalism in hominids is an example of adaptation.

  Suggest how bipedalism could have facilitated language evolution.

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 .............................................................................................................................................. [2]

By publishing papers in peer-reviewed scientific journals, or presenting at

scientific conferences.

In the mother tongue theory, language evolved from communication between

mother and offspring, so honesty and trust are required only between mother

and child, not at the population level, unlike ORAT, where trust must be

enforced across the whole community.

The gossip and grooming theory does not require trust to accept new sounds,

as language replaced grooming to bond large groups, whereas ORAT requires

honesty and moral regulation.

Bipedalism freed the hands, so hand gestures could help clarify the meaning

of new words or sounds.

It led to complex manual activities such as tool making, tool use and hunting,

which required verbal communication to explain how to carry them out.
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 (d) Complete the passage using the most appropriate word(s):

  Genomes acquire mutations over time. This leads to ...................................... within a 

population. In the presence of a particular selection ......................................, some mutations 

provide organisms with a survival advantage. Sexual reproduction of surviving organisms 

results in a population of organisms that are adapted to their environment. This process is 

known as ...................................... ...................................... and is a mechanism of evolution. 
 [3]

END OF QUESTION PAPER

variation

pressure

natural selection
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ADDITIONAL ANSWER SPACE

If additional space is required, you should use the following lined page(s). The question number(s) 
must be clearly shown in the margin(s).
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..................................................................................................................................................................

..................................................................................................................................................................

..................................................................................................................................................................

..................................................................................................................................................................

..................................................................................................................................................................

..................................................................................................................................................................
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..................................................................................................................................................................
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..................................................................................................................................................................
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