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Contextual 
factors

• The experience of staff and students with procedures

• The behaviour of the class

• Allergies of the class

• Facilities available.

Strategies to 
minimise risk

• Wearing gloves, safety glasses, lab coats, enclosed footwear, and other appropriate 
personal protective equipment (PPE)

• Following procedures 

• Following instructions from the teacher or laboratory during spills, breaks, or other 
accidents

• Tying long hair back

• Understanding and following standard handling procedures and Safety Data Sheets 
(SDSs) for specific chemicals (available online or through your risk assessment software)

• Conducting experiments in an aseptic environment

• Conducting experiments in isolation

• Sanitising benches, equipment, and hands after lab work.

You can undertake a risk assessment online (e.g. riskassess.com.au) or using a printed 
template provided by your school. The online risk assessments are great because they 
usually outline standard handling procedures for all equipment and SDSs for chemicals.

Theory summary
You’ll use and be tested on KSSs a lot during Units 3 & 4 VCE Biology. Sound experimental 
design involves creating repeatable, reproducible, and valid methods. Experiments should 
include a control, hypothesis, replication, clear communication, an IV, a DV, and attempts 
to minimise error and generate reliable data. Experiments should not proceed if they are 
unethical or unsafe.

1A QUESTIONS
Theory review questions

Question 1 

What are the key terms from the lesson that match the following definitions?

a ___________ a group to which the IV is applied
b ___________  a type of error that affects the accuracy of a measurement, where readings differ from the true value by a 

consistent amount each time
c ___________ a quality of an experiment that measures what it claims to be measuring
d ___________ describes measurements that are close to the true value
e ___________ a factor other than the IV that might affect the DV
f ___________ a measurement that differs greatly from other results
g ___________ a group to which the IV is not applied
h ___________ unpredictable variations in the measurement process cause this type of error
i ___________ a measurement that is close to previous measurements
j ___________ describes an experiment that generates the same results when it is undertaken by different scientists
k ___________ describes a test in which the same operator can produce the same results multiple times
l ___________ the variable that is measured during the experiment
m ___________ the variable that is manipulated during the experiment

Question 2 

Which of the following options outlines all true statements about variables in experiments?

Independent variable Dependent variable Controlled variable Uncontrolled variable

A Manipulated Measured A group in which the IV is not manipulated A factor that might influence the results

B Measured Manipulated Kept constant Neither measured nor kept constant

aseptic surgically clean and 
free from contamination by 
microorganisms. Also known 
as sterile
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Question 8 (1 MARK) 

The dependent variable is 

A time.
B the gender of the ducks.
C the amount the ducks drink.
D the saltiness of the drinking water.

Adapted from VCAA 2004 Exam 1 Section A Q17

Question 9 (1 MARK) 

The independent variable is

A time.
B the gender of the ducks.
C the amount the ducks drink.
D the saltiness of the drinking water.

Question 10 (1 MARK) 

A controlled variable is

A the age of the ducks.
B the amount of water in the ponds.
C the saltiness of the drinking water.
D the ducks not exposed to the independent variable.

Question 11 (1 MARK) 

An uncontrolled variable in Design 1 is

A the species of duck.
B the age of the duck.
C the number of replicates.
D the length of time in the ponds.

Question 12 (1 MARK) 

One strength of Design 1 is that it better accounts for

A random error.
B systematic error.
C potential confounding factors.
D ethical and safety considerations.

Question 13 (1 MARK) 

One strength of Design 2 is that it better accounts for

A validity.
B variation between individual ducks.
C time taken for the ducks to acclimatise to the conditions.
D the potential impact of previous conditions on duck drinking behaviour.

Question 14 (11 MARKS) 

Some plants are resistant to attack by insects. The plants produce a protein that poisons the larval stage of some insects 
that feed on them. The production of the protein is under the control of a gene found in the plant. A particular species of crop 
plant that does not usually produce the protein was genetically engineered to contain this gene. Such plants are referred to as 
genetically modified (GM) plants. These GM plants do produce the insecticide protein.
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The purpose of collating all this in the logbook is to provide a basis for further learning. In 
particular, the logbook should help you:

• contribute to class discussions

• report back to class on activities

• reflect and draw conclusions from experiments and discussions

• record data and observations in an accurate and timely manner.

Practical reports 4.3.6

overview

Some of your SACs will be formal practical reports of experiments. The recommended 
structure for a practical report is title, abstract, introduction, methodology, results, 
discussion, conclusion, acknowledgements, then references.

theory details

Figure 1 shows that many of your SACs involve writing a practical report. You may  
also conduct experiments that do not contribute to your final marks but give you a  
chance to practise or explore a concept. In total, VCAA recommend that classes  
devote 3.5-5 hours of class time to practical work per Outcome, but 7-10 hours for  
Unit 4 Outcome 3. Typically, you will be asked to describe and discuss any  
experimental work in a practical report.

In this section, we will describe the main parts of a practical report. Reports are 
typically written in third person (e.g. ‘This study investigated…’ or ‘The results  
indicate that…’) but some journals prefer first person (e.g. ‘We found that…’ or ‘Our 
research shows…’). You should note that your teacher may have additional or different 
requirements for you to follow. 

Table 1 The components of a practical report, including suggested length and tense of each section

Section Suggested length Suggested tense

Title

The title may be written as a question or statement that describes the main thing you are trying to 
determine. Examples include:

• How does light intensity affect the rate of photosynthesis?

• Does the theory of natural selection explain the increasing carp (Cyprinus carpio) population in 
the Murray River?

• The impact of pH on the rate of enzyme-catalysed reactions.

• The isolation and characterisation of spermatogonial stem cells in the fat-tailed dunnart 
(Sminthopsis crassicaudata).

• What does medical student study behaviour look like, and is it effective?

• Bathing salmon in cold water is an effective treatment for removing skin parasites.

Note that if you are investigating a particular species you may wish to include the species name in 
the title.

One sentence Present

Abstract

Abstracts are optional but recommended. In essence, the abstract is a short overview of the entire 
experiment. One formula you could use for writing an abstract is answering each of these questions 
in one sentence, then using linking words to make the paragraph flow:

• What is the significance of the experiment?

• What was the aim of the experiment? 

• What was your method?

• What were your results?

• Why are your results important?

• Given these results, what should be researched next? Or, what are the broader implications of 
these results?

100-300 words Past

cont’d

Tip  Make sure you 
acknowledge or reference 
investigation partners, 
expert advice, secondary 
data sources, and any 
assistance you received. 
Also, write the date at the 
top of each entry.

practical report a structured 
record of an experiment

raw data results that have not 
been processed, manipulated, or 
formatted for use

transformed data results that 
have been converted from their 
raw format into a more visually 
sensible presentation that is easier 
to analyse
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Discussion

The purpose of the discussion is to determine if the data obtained support the hypothesis and to 
explore the implications of the findings. It is very important that you highlight any problems that 
arose during the experiment in the discussion, as well as any limitations of the data.

One way you could structure a paragraph in your discussion would be to include:

• Restate one key result (e.g. the result from one figure)

• State if the result supports or refutes the hypothesis

• Discuss if your findings support or differ from prior research 

 – Be sure to reference sources

• Weigh up the strengths and weaknesses of the data to determine if the result can be trusted

 – Identify reasons why this result may be invalid or unreliable. Here, you could refer to:

 › Personal, systematic, or random errors

 › Precision, accuracy, and uncertainty of data

 › Problems with the experimental design

 › Other studies that contradict your data

 – Identify reasons why the results may be limited - what is the data not telling us that would 
be useful to know?

 – Suggest how the method could be changed to overcome any problems

 – Identify any strengths that support the validity, reliability, and scope of the results.

At least one 
paragraph — usually 

three or four

Mostly present

Conclusions

The purpose of this section is to summarise your study. Generally, conclusions begin by stating 
whether the hypothesis was supported. They also may include:

• Justification of why the hypothesis is supported/rejected

• Summary of limitations and improvements

• The broader implications of the results, for example

 – Future research

 – The impact on scientific knowledge

 – The impact on society/environment.

One paragraph A mix, but mostly 
present 

Acknowledgements

Individuals involved in the experiment should be recognised for specific contributions. 

One to three sentences 
(not included in  

word count)

Present

References

A list of references in a standard style (e.g. Harvard or APA) should be included.

Anywhere from  
2 — 20 references

(not included in  
word count)

N/A

Poster presentation of a scientific investigation 4.3.7

overview

The poster presentation has the same sections as a practical report, but you must change 
your communication style so that information is transmitted more concisely and visually.

theory details

At scientific conferences, halls are filled with posters showing the latest research 
(Figure 4). As a result, it is important to develop your skills at making posters. 
In particular, they are different from reports in that: 

• written sections are short and direct

• the results section is usually front and centre

• images can be included

• figures should be large and easy to read.

Remember that, for scientists, eye-catching and visually pleasant presentations mean 
more people will look at your poster as opposed to the hundreds of others up on the walls. 
This gives you a greater chance of sharing your results, meeting potential collaborators, 
receiving feedback, and advancing your career. The skills you use to make this poster - 
namely, being concise and presenting work clearly - are valued across all disciplines, not 
just science.
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Interpreting data

As a budding scientist, you should be able to draw sound conclusions from reliable 
evidence. Of course, first you need to confirm that your evidence is reliable - by checking 
if the data is accurate, precise, and valid (as explored in 1A). If you decide that any issues 
with the data collection do not undermine the overall result, you can then start to interpret 
data and draw conclusions. Here, we will investigate two common problems students have 
when interpreting data.

1 Correlation does not mean causation

Not all experiments will reveal a correlation between two variables (Figure 11). You may 
find that the DV and the IV are unrelated. Furthermore, even if your data indicate that 
your IV affects your DV in a consistent and measurable manner (e.g. if you increase the IV, 
the DV increases), this doesn’t necessarily mean that the IV causes the change in DV. In 
other words, correlation of two variables does not mean that one causes the other. 

An example of the correlation/causation problem can be observed when measuring 
the number of ice cream sales and the number of shark attacks. Looking at Figure 12, 
it would appear that high ice cream sales cause many shark attacks. However, the tight 
correlation of the variables does not rule out the possibility that something other than 
ice cream consumption is causing shark attacks. In fact, it seems much more likely that 
a confounding variable - hot weather making people cool off at the beach and/or buy ice 
cream - explains the relationship more clearly. 

Even if you understand a system very well, there is always a possibility that you have 
overlooked a confounding factor or that the hypothesis is only supported in a controlled 
experimental context. Higher replication or an improved experimental design may 
produce different results. Consequently, scientists tend to use language that is not 
definitive when explaining their data in the discussion and conclusion. Instead of saying 
‘Without a doubt, the results clearly prove that…’ they might say ‘The results suggest... ’ 
or ‘The hypothesis was supported by…’. It is important to apply the same level of scrutiny 
when examining other people’s results or secondary data.

2 Conclusions must be limited by, and not go beyond, the data available

Any conclusions drawn from data must be limited by, and not go beyond, the data 
available. For example, when drawing a line of best fit it is important not to force your line 
through zero. Consider Figure 13. Here, the scientists measured the height of a seedling 
every day since germination, but not on the day of germination. Although the seedling 
height is logically zero at day zero, as it has not grown at all, drawing a trendline that 
is forced through zero results in a different slope (red dotted line) to the trendline that 
actually best fits their data (blue line). In summary, draw trendlines that fit the data you 
collect, rather than the data that doesn’t exist.

Additionally, the scientists stopped collecting data after ten days. Therefore, it is not 
correct to state that ‘it will take the seedlings 20 more days to reach 9 cm’, because we 
have no idea what happens to the rate of growth of seedlings after day ten. One could, 
however, say that ‘if the rate of growth continues in the manner indicated by the results, 
then it will take the seedlings 20 more days to reach 9 cm’.
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Figure 13 When drawing a trendline, avoid forcing your data through zero (red dotted line) as you end up with  
a different  slope that doesn’t accurately represent the data you collected (blue)

Figure 12 The number of ice 
cream sales and shark attacks are 
correlated, but one does not cause 
the other

July Jan June

Ice cream sales
Shark attacks

(a)

(b)

(c)

Figure 11 Scatter plot examples 
of (a) positive correlation, (b) 
negative correlation, and 
(c) no correlation

correlation demonstrated when 
there is a statistical relationship 
between two variables

causation demonstrated when 
change in one variable leads to 
reliable change in another

trendline a line that shows the 
main pattern followed by a set of 
points on a graph. Also known as a 
line of best fit
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Question 2  

Each part of a practical report fulfils a particular function. Identify which section of the report match the following descriptions. 
NOTE: a single description can match with multiple or no report sections 

I The aim and hypothesis are outlined for the first time.

II Previous research on the topic is explored.

III Graphs and tables are presented.

IV Relevant photos should be displayed.

V Instruments and their uncertainties are described here.

VI The degree to which the results support the hypothesis is described.

VII The limitations of the data are explored.

VIII The broader implications of the experiment are discussed.

Introduction Method Results Discussion

A I, II, IV V, IV III, IV II, IV, VI, VII, VIII

B I, II, VIII V III, IV II, VI, VII, VIII

C I, II, III, VIII V III II, VI, VII, VIII

D I, II, VIII V III, IV VI, VII, VIII

Question 3 

Which of the following options contains all true statements regarding the communication style required in practical reports 
compared to scientific posters?

Practical report Poster

A Concise but formal text, accompanied by clear raw data. 
Images not required.   

Detailed and lengthy text for thoroughness. Results and 
images very important. 

B Detailed, informal, but thorough text accompanied with 
clear transformed data. Images not required.   

Concise and direct text. Eye-catching images and graphs.

C Detailed, formal, and thorough text accompanied with 
clear transformed data. Images not required.   

Concise and direct text. Eye-catching images and graphs. 
Can exclude references for brevity.

D Detailed, formal, and thorough text accompanied with 
clear transformed data. Images not required.   

Concise and direct text. Eye-catching images and graphs.

Question 4 

Which of the following correctly explains the difference between structured, coupled, and open inquiries?

A Unlike coupled and open inquires, students receive teacher feedback in structured inquiries.
B Unlike coupled and open inquires, students undertake an independent investigation in structured inquiries.
C Unlike structured and coupled inquiries, students follow a prescribed method in open inquiries.
D Unlike structured inquiries, students decide upon their own research question in coupled and open inquiries.

Question 5 

Identify if the following variables are examples of continuous, discrete, ordinal, or nominal data.

I Mass of seed

II Population of sugar gliders

III Percentage of the population that is under 20 years old 

IV Species

V Order of finishing a race

VI Number of petals on a flower
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VII Likelihood of going to the gym on a given day (unlikely, 50-50, likely)

VIII Eye colour

Continuous Discrete Ordinal Nominal

A I, III II, VI V, VII IV, VIII

B II, VI I, III V, VII IV, VIII

C I, III II, VI IV, VIII V, VII

D II, VI I, III IV, VIII V, VII

Question 6 

Fill in the blanks in the following sentences.

Bar graphs are best used for representing _____I_____ data, whereas line graphs or scatterplots can represent _____II_____ 
data. Generally, the _____III_____ is plotted on the x axis, and the _____ IV_____ is plotted on the y axis.

I II III IV

A categorical numerical dependent variable independent variable

B numerical categorical dependent variable independent variable

C numerical categorical independent variable dependent variable

D categorical numerical independent variable dependent variable

Question 7 

Which of the following graphs has been formatted correctly?
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Question 8 

Scientists need to examine their own, and others’, data critically. Which of the following would not make a scientist doubt the 
reliability and validity of the results?

A A sentence in the discussion that states ‘These results provide undeniable evidence that our hypothesis is true.’
B A scatterplot with a trendline that is not forced through zero.
C A description of an instrument used to measure the length of a bird’s beak with an uncertainty of ± 3 cm.
D Results that show a correlation between the IV and DV without any discussion of potential causes.

Exam-style questions

Key science skills

Use the following information to answer Questions 9 and 10.

Warfarin is a poison used to control rat populations. The graph shows changes in the proportion of rats resistant to warfarin in 
a particular population over a period of about 4 years.
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Use the following information to answer Questions 12 and 13.

Four groups of students carried out an experiment in which the effect of glucose concentration on the fermentation rate of 
yeast was measured. The fermentation rate was determined by the rate of temperature change of the fermenting mixture. 
Before beginning the experiment, each group practised measuring the temperature of water and checked the group’s 
thermometer against an electronic thermometer that gave a true measure of temperature. The following results were  
obtained during the practice.

Group Each group’s thermometer readings (°C) Electronic thermometer 
reading (°C)

1st measurement 2nd measurement 3rd measurement

1 18.0 18.0 18.5 19.0

2 18.5 19.0 19.5 19.0

3 17.0 20.3 21.1 19.0

4 17.0 16.0 16.0 20.1

Question 12 (1 MARK)

Which one of the following statements is correct?

A Group 3’s measurements are the least accurate.
B Group 1’s measurements are the most accurate and most precise.
C Group 4’s measurements are the least accurate and the least precise.
D Group 2’s measurements are the most accurate but not the most precise.

Adapted from VCAA 2018 Section A Q11

Question 13 (1 MARK) 

Each group conducted the experiment three times (Trial 1, Trial 2, Trial 3). Five different concentrations of glucose were used 
in each trial. Each group plotted its results on a graph. The black bar represents Trial 1, the white bar represents Trial 2 and the 
striped bar represents Trial 3.
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Which one of the following statements about the experiment’s results cannot be concluded from the graphs?

A All the groups have equally valid results because they followed the same method.
B Group 4’s results are more reliable than the other groups’.
C Group 3’s data is more reliable than Group 1’s data.
D Group 2’s data is inaccurate.

Adapted from VCAA 2018 Section A Q12
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Image: Molecular Sensei/Shutterstock.com

Figure 4 The differences between animal and plant cells.

Organelle structure and function 0.2

overview

Organelles are the subunits of our cells. Each organelle performs a specific function in  
the cell. 

theory details

Each organelle serves a specific purpose in a cell. This increases cell efficiency as it allows 
many different metabolic processes to occur simultaneously. The functionality of an 
organelle is heavily dependent upon its structure (Table 2). 

All cells are contained by a plasma membrane, which creates a spherical boundary that 
contains the liquid cytosol. The organelles float in the cytosol. All the organelles (except 
the nucleus) and the cytosol in which they float make up the cytoplasm.

The cell types explored in the first KU can be identified by the organelles in their cells.

cytosol the aqueous fluid that 
surrounds the organelles inside the 
plasma membrane

cytoplasm the cytosol and 
organelles inside the plasma 
membrane, excluding the nucleus

lumen the space contained within 
a tubular or circular membrane
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2B QUESTIONS
Theory review questions

Question 1 

What are the key terms from the lesson that match the following definitions?

a ____________ describes a molecule with a positive and negatively charged end that tends to be hydrophilic 
b ____________ the type of bonding where electrons are shared
c ____________ small, identical subunits of a given biomolecule group that bind together 
d ____________  the biomacromolecule produced when amino acids join
e ____________  describes a molecule without a positive and negatively charged end that tends to be hydrophobic
f ____________  a high energy molecule used to power reactions within a cell
g ____________  the biomacromolecule made from monosaccharides
h ____________  the biomacromolecule that are sometimes called fats and oils
i ____________  a large molecule produced when biomolecule subunits link together 
j ____________  a reaction that releases energy
k ____________  a reaction that absorbs energy
l ____________  the biomacromolecule that is responsible for storing genetic information

Question 2 

Which of the following are all true of proteins?

A Made from amino acids Peptide bond formed between monomers Also known as saccharides

B Made from amino acids Peptide bond formed between monomers Also known as polypeptides

C Made from amino acids Ionic bond formed between monomers Also known as polypeptides

D Made from nucleic acids Peptide bond formed between monomers Also known as saccharides

Question 3  

Which of the following statements about endergonic reactions is false?

A Endergonic reactions absorb energy, similar to hydrolysis reactions.
B Endergonic reactions are anabolic reactions that build up larger molecules.
C In endergonic reactions, the energy of the products is greater than the reactants.
D Endergonic reactions require an initial input of energy, known as activation energy, to start the reaction.

Question 4  

Fill in the blanks in the following sentences.

The building blocks of all matter are _____I____, which are made up of protons, neutrons and _____II_____. Nitrogen is a(n) 
_____III_____ on the periodic table. When nitrogen shares electrons with three hydrogen ions, it forms ammonia (NH3). 
The ammonia molecule is held together by _____IV_____ bonds and is a polar molecule, meaning that it is likely _____V_____.

I II III IV V

A atoms electrons element covalent hydrophobic

B atoms electrons molecule ionic hydrophilic

C molecules atoms element ionic hydrophobic

D atoms electrons element covalent hydrophilic
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Question 5 

Which of the following statements about carbohydrates is false?

A also known as polysaccharides 
B found in both plants and animals
C made up of only three elements: C, H, and N 
D simple carbohydrates are known as sugars and often used as energy sources

Question 6 

What belongs in the spaces X, Y, and Z in the table?

Monomer Biomacromolecule

Amino acid Protein

Glycerol and fatty acids X

Y Z

Monosaccharide Carbohydrate

X Y Z

A Nucleotide Nucleic acid Lipid

B Lipid Nucleic acid Nucleotide

C Nucleic acid Lipid Nucleotide

D Lipid Nucleotide Nucleic acid

Question 7  

Which of the following correctly lists terms that are commonly related?

A Endergonic, exothermic, hydrolysis, anabolic
B Exergonic, endothermic, hydrolysis, catabolic
C Exergonic, exothermic, condensation, catabolic
D Endergonic, endothermic, condensation, anabolic

Question 8 

Classify each of the following statements as relating to either carbohydrates, lipids, nucleic acids, or proteins in the table. 
NOTE: some statements can be classified into multiple groups.

1 Made up of subunits called monomers

2 Monomer is amino acids

3 Made from only three elements: C, H, and O

4 Also known as fats

5 Glucose is an example

6 A peptide bond is formed between monomers

7 Carry genetic information

8 Is a biomacromolecule

9 Also known as saccharides

Carbohydrate Lipid Nucleic acid Protein

A 1, 3, 5, 7, 8 1, 2, 4, 8, 9 1, 7, 9 1, 2, 3, 8

B 1, 5, 7, 9 1, 3, 8 1, 8 1, 3, 8

C 1, 3, 5, 8, 9 1, 3, 4, 8 1, 7, 8 1, 2, 6, 8

D 1, 5, 8, 9 1, 3, 4, 8 1, 3, 8 1, 3, 6, 8
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Exam-style questions

Within lesson

Question 9 (1 MARK)

Which of the following is an anabolic process?

A the conversion of glycogen into glucose 
B the breakdown of starch into smaller saccharides
C using ATP in a chemical reaction, converting it to ADP
D the formation of triglyceride from glycerol and fatty acids 

Adapted from VCAA 2016 Section A Q16

Question 10 (1 MARK)

ATP is 

A a high energy molecule.
B a diphosphate molecule. 
C an input in cellular respiration.
D made from removing a phosphate group from ADP.

Adapted from VCAA 2016 Section A Q9

Use the following information to answer Questions 11 — 14.  

Consider the following diagrams showing structural subunits of three types of biomolecules. The subunits are named in the 
order shown in each diagram. 

1 nitrogen base, 1 sugar, 
1 phosphate group3 X, 1 glycerol

W Z

3Y

protein

Question 11 (1 MARK)

Biomolecule W is a 

A lipid.
B protein.
C nucleic acid.
D carbohydrate.

Question 12 (1 MARK)

The three subunits denoted by X are

A glycerols.
B fatty acids.
C nucleotides.
D amino acids.

Question 13 (1 MARK)

Subunit Y is a

A monosaccharide.
B amino acid.
C nucleotide.
D glycerol.
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Question 14 (1 MARK)

Biomolecule Z is a monomer of a

A fat.
B protein.
C nucleic acid.
D carbohydrate.

Adapted from VCAA 2013 Section A Q2

Question 15 (4 MARKS)

The following reaction occurs within a cell where molecules R and S and converted into molecule T. 

R + S  T

The energy of the reaction can be graphed as follows. 

R and S
energy

reaction occurring
time

T 

a Does this reaction release or absorb energy? Justify your response. (2 MARKS)

b State whether this reaction is anabolic or catabolic. (1 MARK)

c It was found that ATP was used to produce molecule T. What is the role of ATP in biological systems? (1 MARK)

Question 16 (5 MARKS)

The following diagram represents the joining of monomers to produce one of the four major classes of biomolecules. 

OH H

H2O

N C C

H R O

H H

N C C

H R OH

OHH

a Identify the name of the monomers undergoing the reaction. (1 MARK)

b What type of biomacromolecule is produced in this reaction? (1 MARK)

c Give an example of a molecule that falls into this biomacromolecule group. (1 MARK)

d Hydrolysis is the chemical breakdown of a compound due to reaction with water. 
Is this reaction an example of hydrolysis? Justify your response. (2 MARKS) 

Key science skills

Question 17 (5 MARKS)

Two students, Jed and Ava, were designing an experiment to investigate what happens when oil is 
added to water. They set up a beaker of water as shown, and prepared to deliver oil into the beaker.

a Devise a hypothesis the students could be testing. (1 MARK) 
b Oil is an example of one of the four classes of macromolecules.

i What kind of biomacromolecule is oil? (1 MARK)

ii Identify the typical polarity of this group of biomacromolecule. (1 MARK) 
c When the oil was added to the water the two substances did not mix, instead the oil formed a 

layer above the water. Ava stated that this was because the nonpolar water could not dissolve 
the nonpolar oil as the pair were too similar. Jed believed that it was because the nonpolar oil could not dissolve in the 
polar water because of their differences in polarity. Which student is correct? Justify your response. (2 MARKS)

Image: Pat_Hastings/Shutterstock.com
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Question 4 

Which of the following options does not pair the organelle with its function?

Organelle Function

A Lysosome Contains digestive enzymes for breaking down toxins, 
pathogens, waste products, or malfunctioning molecules

B Golgi body Folds proteins

C Vesicle Transports proteins

D Ribosome Synthesises proteins

Question 5 

Fill in the blanks in the following sentences.
_____I_____ involves transporting large molecules into the cell. _____II_____ is a type of endocytosis where solid substances 
like bacteria are engulfed, whereas solutes are engulfed in _____III_____. All these processes can _____IV_____ the total 
cell surface area.

I II III IV

A Endocytosis Phagocytosis pinocytosis decrease

B Endocytosis Pinocytosis phagocytosis decrease

C Endocytosis Phagocytosis pinocytosis increase

D Exocytosis Phagocytosis pinocytosis increase

Exam-style questions

Within lesson

Question 6 (1 MARK)

All specialised cells that secrete protein molecules

A have minimal ribosomes.
B contain numerous vacuoles. 
C do not have a fluid-mosaic plasma membrane.
D have an extensive rough endoplasmic reticulum.

Question 7 (1 MARK)

Which one of the following statements is false?

A Protein export involves vesicular transport of proteins out of the cell.
B Protein export involves the fusion of vesicles with the plasma membrane.
C Protein export involves specialised vesicles transporting specific proteins.
D Protein export involves sorting and modification of proteins at the Golgi apparatus.

Question 8 (1 MARK)

Gastrin is a peptide hormone that is released from cells in the stomach, duodenum, and pancreas. It aids digestion by 
stimulating the secretion of gastric acid by cells that line the stomach.

One pathway for the production of gastrin is

A nucleus – ribosome – endoplasmic reticulum – vesicle – Golgi apparatus
B nucleus – ribosome – Golgi apparatus – vesicle – endoplasmic reticulum
C nucleus – vesicle – endoplasmic reticulum – Golgi apparatus – ribosome
D nucleus – Golgi apparatus – endoplasmic reticulum – vesicle
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theory details

Proteins (or polypeptides) are one of four types of biomacromolecule found in living 
things (the others are carbohydrates, nucleic acids, and lipids). Proteins are made of 
carbon (C), hydrogen (H), oxygen (O), nitrogen (N), and sometimes also sulphur (S) and 
other elements. The proteome refers to the entire set of proteins expressed by an organism 
at a given time - from the keratin found in hair, to the haemoglobin in red blood cells, to 
the amylase in saliva. Proteomics is the study of the proteome, including the structure, 
function, and interaction of proteins. 

Proteins fulfil many roles in living things, so scientists say that they demonstrate 
‘functional diversity’. Some of these functions are outlined in Table 1.

table 1 Functions of proteins

Function Explanation Examples

Enzymes Organic catalysts that speed up chemical 
reactions

• Catalase: breaks down toxic hydrogen 
peroxide into water and oxygen

• Amylase: a digestive enzyme that breaks 
down starch into maltose

• ATPase: makes ATP in cellular respiration

Transport
Typically embedded in membranes, 
transport proteins control the movement of 
substances around an organism

• Chloride channels

• Sodium-potassium pumps

• Glucose channels

Structural Support cell and tissue shape

• Collagen: found in connective tissues 
such as tendon, dermis, and ligaments

• Keratin: tough protein found in skin, hair, 
and nails

• Elastin: found in elastic connective 
tissues such as within skin

• Actin: part of the cytoskeleton in 
eukaryotic cells

Receptors Receive signals from the environment to 
which a cell can respond

• G-protein coupled receptors

• Acetylcholine receptors

• Hormone receptors

Hormones
Many (but not all) hormones are proteins. 
Hormones are chemical messengers used to 
communicate and induce changes in cells

• Insulin: regulates blood sugar levels

• Vasopressin: regulates the amount of 
water in blood

• Growth hormone: stimulates growth and 
regeneration of cells

Defence Form part of the immune system by 
recognising and destroying pathogens

• Antibodies (immunoglobulins)

• Complement proteins

Motor/
contractile

Motor proteins contract, causing muscles to 
contract. They also help with cilia and flagella 
movement, and the movement of internal cell 
contents around the cytoplasm

• Myosin and actin: work together to 
enable muscle contraction 

• Kinesin: moves along microtubules, 
enabling mitosis and vesicular transport

Storage
Proteins, often found in blood, plant seeds, 
egg whites, and milk, that act as reserves for 
metal ions and amino acids

• Ferritin: which stores iron

• Prolamin gliadin: found in wheat

protein a type of 
biomacromolecule made of amino 
acid chains folded into a 3D shape

peptide a short chain of 
amino acids

polypeptide a long chain of amino 
acids. Proteins can be made of one 
or many polypeptides

proteome all the proteins that are 
expressed by a cell or organism

enzyme an organic molecule, 
typically a protein, that catalyses 
(speeds up) specific reactions

transport protein a protein 
that moves substances across 
membranes or around organisms

structural protein a type of 
protein that confers strength and 
shape to cells

receptor protein a protein within 
or on the surface of a cell that 
binds with signalling molecules, 
leading to a change in cellular 
activity

peptide hormone a protein 
signalling molecule that regulates 
physiology or behaviour

antibody a protein produced by 
plasma cells during the adaptive 
immune response that is specific 
to an antigen and combats 
pathogens in a variety of ways. 
Also known as immunoglobulin

motor protein a protein that 
converts chemical energy into 
mechanical work

storage protein a protein that is a 
reserve of amino acids and 
metal ions

amino acid the monomer 
of proteins
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Question 2 

Which of the following options correctly completes the condensation reaction?

X

Y

Z

X Y Z

A Carboxyl group Polypeptide bond Water

B Amino group Ester bond Energy

C Carboxyl group Peptide bond Water

D Carboxyl group Condensation bond Energy

Question 3 

Proteins demonstrate functional diversity. Which of the following options describes only correct protein functions?

A Cell structure, storage of genetic information, movement, transport across membranes, transport of oxygen around the 
body, regulates fluidity of cell membrane

B Movement, enzymes, transport, storage of glucose, structure of cells and tissues, hormones
C Movement, strength, catalysis, contraction, relaxation, storage, transport of nitrogen in blood
D Cell signalling, hormones, receptors, storage of amino acids, transport around the cell

Question 4 

Match the following descriptions with the correct level of protein structure.

I The order of amino acids in a polypeptide.

II Additional prosthetic groups attached.

III The 3D shape of the protein.

IV Alpha helices. 

V More than one polypeptide chain in the protein.

VI Beta-pleated sheet 

Primary Secondary Tertiary Quaternary

A I, II IV, VI III V

B I IV, VI III II, V

C I IV, VI V II, III

D I, VI II, IV III V
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Exam-style questions

Within lesson

Question 5 (1 MARK)

The proteome is 

A all the proteins in a cell, tissue, or organism.
B the complete set of chromosomes found inside a gamete.
C the set of genes that code for all the proteins in an organism.
D the entire set of proteins expressed by a population at a given time.

Adapted from VCAA 2018 Section A Q2

Question 6 (1 MARK)

Consider the structure and functional importance of proteins. Which one of the following statements about proteins is false?

A The tertiary structure of a protein can be stabilised by disulfide bridges.
B Two proteins with different amino acid sequences will have different functions.
C A change in the secondary structure of a protein will not affect the biological function of the protein.
D Proteins with a quaternary structure are not more active than proteins without a quaternary structure.

Adapted from VCAA 2017 Section A Q1

Use the following diagram to answer Questions 7–9.

R — C — C — OH     

NH2 O

H — N — C — H     

R      

C      O      H

H

OH      

H2O

Question 7 (1 MARK)

The diagram represents monomers of an organic molecule being joined together. The monomers are

A amino acids.
B nucleic acids.
C monopeptides.
D monosaccharides.

Question 8 (1 MARK)

The joining of these adjacent monomers 

A creates a fatty acid. 
B creates a hydrogen bond.
C is an energy-using reaction.
D occurs on the plasma membrane.

Question 9 (1 MARK)

The ‘R’ symbol on the monomer represents

A the chemical element rubidium.
B one of 25 possible amino acids.
C a variable group specific to the amino acid.
D the continuation of the carbon-hydrogen-nitrogen chain.

Adapted from VCAA 2018 Section A Q3
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s __________ the segment of a gene that does not code for a polypeptide
t __________ the type of bond formed between amino acids 
u __________ the site of transcription and RNA processing

Question 2 

Which of the following are all true of the transcription process?

A RNA polymerase facilitates the process DNA is permanently unwound Ends at a STOP codon

B RNA polymerase facilitates the process DNA is unwound and rewound Ends at a termination sequence

C RNA polymerase facilitates the process DNA is permanently unwound Ends at a termination sequence

D tRNA molecules facilitate the process DNA is unwound and rewound Ends at a STOP codon

Question 3 

Fill in the blanks in the following sentences. 

Translation occurs at the _____I_____, where the ribosome binds to the _____II_____ strand and reads it. The process is 
facilitated by tRNA molecules and their tri-nucleotide sequences known as _____III_____. Amino acids delivered by tRNA 
molecules are linked into a polypeptide chain until a _____IV_____ is reached and translation ends.

I II III IV

A nucleus tRNA anticodons STOP codon

B ribosome mRNA codons STOP anticodon

C ribosome mRNA anticodons STOP codon

D ribosome mRNA codons STOP anticodon

Question 4 

Which of the following correctly identifies W-Z?

Process W X Y Z

A transcription tRNA protein codon

B translation tRNA amino acid anticodon

C translation tRNA protein anticodon

D transcription mRNA amino acid codon

Question 5  

Which of the following correctly identifies features of the genetic code?

A degenerate, of a triplet nature, universal, ambiguous, non-overlapping 
B of a triplet nature, unpredictable, degenerate, universal
C non-overlapping, degenerate, of a triplet nature, random
D universal, non-overlapping, of a triplet nature, degenerate

Question 6 

Fill in the blanks in the following sentences. 

To create a protein from genetic information, a cell must undergo a series of steps. The first is transcription, where the  
_____I_____ is read and transcribed into pre-mRNA. This pre-mRNA must be processed before translation by splicing introns 
and the addition of a 5’ cap and a _____II_____. The mRNA can now be translated. This is possible due its sequences of three 
nucleotides in the mRNA known as _____III_____. At the ribosome, mRNA is used to create a _____IV_____.

Process W

ribosome

X

Y Z
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I II III IV

A coding strand poly-A tail anticodons polypeptide chain

B template strand poly-A tail anticodons amino acid

C coding strand tRNA codons amino acid

D template strand poly-A tail codons polypeptide chain

Exam-style questions

Within lesson

Question 7 (1 MARK)

In populations of fruit flies, there are individuals that are resistant to the effects of insecticides. In normal insecticide-
susceptible fruit flies, a specific section of mRNA has the sequence CAU, whereas, in the insecticide-resistant fruit flies, 
the sequence is CAA. Considering the mRNA sequence of insecticide-susceptible fruit flies, the corresponding sequence  
of nucleotides on these individuals’ DNA is

A GUA.
B CAU.
C GTT. 
D GTA.

Adapted from VCAA 2014 Section A Q22

Question 8 (1 MARK)

A molecule of messenger RNA could include the nucleotide sequence

A CTGTATUTA 
B AGTGUACTT 
C GTACGTAGG
D CUACGAGUU

Adapted from VCAA 2011 Exam 1 Section A Q4

Question 9 (1 MARK)

The following is a sequence of amino acids located within a polypeptide: Asn-Phe-Ala-Asp-Tyr

1st position

(5’ end)

2nd position 3rd position

(3’ end)U C A G

U Phe Ser Tyr Cys U

Phe Ser Tyr Cys C

Leu Ser STOP STOP A

Leu Ser STOP Trp G

C Leu Pro His Arg U

Leu Pro His Arg C

Leu Pro Gln Arg A

Leu Pro Gln Arg G

A Ile Thr Asn Ser U

Ile Thr Asn Ser C

Ile Thr Lys Arg A

Met Thr Lys Arg G

G Val Ala Asp Gly U

Val Ala Asp Gly C

Val Ala Glu Gly A

Val Ala Glu Gly G
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Using the table provided, the DNA template sequence that could code for this amino acid sequence is

A TTA  / AAG / CGC / CTA  / ATG
B TTG / AAA  / GGC / CTA  / ACC
C UUA  / AAA / CGC / CUG / AUG
D UUG / AAG / GGC / CUA  / ACC

Adapted from VCAA 2015 Section A Q23

Use the following information to answer Questions 10 and 11.

Ricin is a naturally occurring, powerful poison that affects eukaryotic organisms. Studies have concluded that ricin stops the 
movement of a ribosome along a specific molecule labelled Molecule X.

ribosome Molecule X

direction of ribosome movement

Question 10 (1 MARK)

Which monomer is Molecule X made of?

A fatty acids
B nucleotides
C amino acids
D carbohydrates

Question 11 (1 MARK)

At the stage shown in the diagram, Molecule X contains

A exons only.
B introns only.
C both exons and introns.
D neither exons or introns.  

Multiple lessons

Question 12 (1 MARK)

The genome of the Northern white-cheeked gibbon, Nomascus leucogenys, has been sequenced and compared to other  
primate species. 

The N. leucogenys genome would

A include the base uracil.
B include only the non-coding DNA sequences. 
C be identical to the genome of the buffed-cheeked gibbon, Nomascus annamensis.
D contain the same nitrogenous base types to the genome of the black-crested gibbon, Nomascus concolor.

Adapted from VCAA 2015 Section A Q24

Question 13 (5 MARKS)

Consider the template strand of a hypothetical gene shown. The exons are in bold type.

3’ TAC ACC GCT TAT TTT CAT CTT TCT GCA TAG GAT ATC 5’

NOTE:

• The DNA triplet TAC indicates START and codes for the amino acid methionine that remains in the polypeptide
• The DNA triplets ATC, ATT and ACT code for a STOP instruction.
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a How many amino acids would be present in the polypeptide expressed by this gene? (1 MARK)

b The template strand is used to produce mRNA.
 i  What is the pre-mRNA strand that would be produced from this DNA sequence? (1 MARK)

 ii  What is the corresponding mRNA sequence following RNA processing? (1 MARK)

 iii  Using the table provided, what is the amino acid sequence produced when the mRNA molecule is 
translated? (2 MARKS)

1st position

(5’ end)

2nd position 3rd position

(3’ end)U C A G

U Phe Ser Tyr Cys U

Phe Ser Tyr Cys C

Leu Ser STOP STOP A

Leu Ser STOP Trp G

C Leu Pro His Arg U

Leu Pro His Arg C

Leu Pro Gln Arg A

Leu Pro Gln Arg G

A Ile Thr Asn Ser U

Ile Thr Asn Ser C

Ile Thr Lys Arg A

Met Thr Lys Arg G

G Val Ala Asp Gly U

Val Ala Asp Gly C

Val Ala Glu Gly A

Val Ala Glu Gly G

Question 14 (6 MARKS)

The hormone insulin is a relatively small protein. Researchers studying the production of insulin in the cells of the pancreas 
noted that one of the early steps in this process was the formation of a polypeptide called preproinsulin.

Researchers noted that the formation of this polypeptide required repeated use of different types of the Molecule Z shown.

Molecule Z

anticodon

a Molecule Z is heavily involved in a specific process.
 i Which process is Molecule Z involved in? (1 MARK)

 ii Identify the role of anticodons in this process. (2 MARKS)

b Proteins have four levels of structure. 
 i  What level of structure is preproinsulin if it has not configured into an alpha helix or beta-pleated  

sheet structure? (1 MARK)

 ii  Insulin is made of two peptide chains, referred to as the A chain and B chain. Outline how preproinsulin is converted 
to insulin. (2 MARKS)

Adapted from VCAA 2016 Section B Q6
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4D QUESTIONS
Theory review questions

Question 1 

What are the key terms from the lesson that match the following definitions?

a ____________ a gene that encodes a protein that affects the expression of another gene
b ____________ a protein that can prevent transcription
c ____________  found in E. coli, this section of DNA is transcribed when glucose concentrations are low and lactose 

concentrations are high
d ____________  a gene that codes for a protein that makes up the physical structure or function of an organism that does 

not regulate the expression of another gene

Question 2 

Which of the following options correctly describes regions X, Y, and Z of the lac operon in E. coli bacteria?

lacZ lacY lacAX5’ 3’Y Z

X Y Z

A promoter regulatory gene operator

B structural gene promoter operon

C regulatory gene promoter operator

D regulatory gene promoter structural gene

Question 3 

Which of the following correctly describes the relationship between lactose and glucose concentration in E. coli and the action 
of the repressor protein?

lactose concentration glucose concentration repressor protein

A high low bound to DNA

B low low bound to DNA

C low high unbound to DNA

D high low unbound to DNA

Question 4 

Which of the following is false?

A Regulatory genes do not contain a promoter region.
B Regulatory genes can encode proteins which regulate the expression of structural genes.
C In high concentrations of lactose, the repressor unbinds from the lac operon.
D Gene regulation helps an organism to conserve energy.

Exam-style questions

Within lesson

Use the following information to answer Questions 5 and 6.

Tryptophan is an amino acid that is produced by many bacteria. Genes that code for enzymes that produce tryptophan are 
found on bacterial DNA and together are called the trp operon. In the process of gene regulation, a repressor protein (trp 
repressor) binds to the trp operon. When such binding occurs, the process of tryptophan production stops. This is illustrated in 
the diagram.
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pH

The pH scale measures the acidity or alkalinity of a solution. Acids have 
low pH values (<7) and alkaline (basic) solutions have a high pH (>7). Just 
like with temperatures, enzymes have a specific pH at which they function 
optimally. Unlike with temperatures however, the denaturation of an 
enzyme occurs if it is exposed to an environment that is either above or 
below the optimal pH. The pH range of enzymes varies greatly depending 
on where the enzyme is located (e.g. pepsin is the main digestive enzyme in 
the human stomach and has an optimal pH around 1.5-2, whilst pancreatic 
lipase has an optimal pH of 8). Because denaturation occurs at both 
extremes, plotting enzyme activity (or reaction rate) against pH results in a 
symmetrical, bell-shaped curve (Figure 7).

Substrate concentration

If the enzyme concentration remains constant while the substrate concentration increases, 
then the reaction rate will also increase. This is because there are more reactants available 
to undergo the reaction (Figure 8). However, a point will be reached where there is 
so much substrate that every active site is constantly occupied and the reaction rate 
will no longer increase with more substrate. This is called the saturation point, as the 
enzymes are saturated with substrate. This results in the plateau when graphing substrate 
concentration against the reaction rate (Figure 9).

Figure 9  The rate of reaction increases as substrate concentration increases  
until saturation occurs.
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Enzyme concentration

If the concentration of enzymes is high, then the reaction rate will be high and will occur 
quickly (Figure 10). This is due to the large number of active sites available for substrates 
to use.

Figure 10 Increasing enzyme concentration increases the reaction rate due to more collisions.

low enzyme
low reaction rate

high enzyme
high reaction rate

KEY

If enzyme concentration rises while the substrate concentration is kept constant, the 
reaction rate will increase until enzymes are in excess, at which point the reaction rate will 
remain the same regardless of any continued increase in enzyme concentration (Figure 11). 
However, in biological systems, there are typically far more substrates than enzymes so an 
increase in enzyme usually always increases reaction rate.

Figure 11  The relationship between enzyme activity and enzyme concentration
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saturation point the point 
at which a substance (e.g. an 
enzyme) cannot receive more 
of another substance (e.g. a 
substrate)

Figure 8 Increasing substrate 
concentration increases the 
reaction rate due to more  
frequent collisions.
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Figure 7 The relationship between enzyme activity 
and pH
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Question 4 
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products

Which of the following shows an enzyme’s action on both kinds of reactions?

A

En
er

gy

Reaction

En
er

gy

Reaction

Activation
energy

Activation
energy

B

Activation
energy

En
er

gy

Reaction

En
er

gy

Reaction

Activation
energy

C

En
er

gy

Reaction

En
er

gy

Reaction

Activation
energy

Activation
energy

D

En
er

gy

Reaction

En
er

gy

Reaction

Activation
energy

Activation
energy

Question 5 

Re
ac

tio
n 

ra
te

(a
rb

itr
ar

y 
un

its
)

Re
ac

tio
n 

ra
te

(a
rb

itr
ar

y 
un

its
)

W X

Re
ac

tio
n 

ra
te

(a
rb

itr
ar

y 
un

its
)

Re
ac

tio
n 

ra
te

(a
rb

itr
ar

y 
un

its
)

Y Z

CHAPTER 5: ENZYMES152 



Which of the following identifies W–Z?

W X Y Z

A Temperature Substrate concentration Enzyme concentration pH

B pH Enzyme concentration Temperature Substrate concentration

C pH Substrate concentration Enzyme concentration Temperature

D pH Enzyme concentration Temperature Substrate concentration

Exam-style questions

Within lesson

Question 6 (1 MARK)

Activation energy in a biological reaction

A is completely removed in the presence of an enzyme.
B is the energy required to finish the reaction.
C is lowered in the presence of an enzyme.
D is involved in catabolic reactions only.

Adapted from VCAA 2008 Exam 1 Section A Q18

Question 7 (1 MARK)

The enzyme lactate dehydrogenase is found in a wide variety of organisms. It catalyses the conversion of both pyruvate to 
lactate, and lactate to pyruvate. The bacterium Thermoanaerobacter ethanolicus lives in geothermal (hot) springs. The river 
buffalo (Bubalus bubalis) is a domestic animal common in Pakistan. Scientists studying the enzyme lactate dehydrogenase 
from these two organisms produced the following graphs (adapted from Nadeem et al. (2011) (left) and Zhou and Shao 
(2010) (right)).
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From the graphs, which of the following conclusions is false?

A The optimal pH of the bacterial lactate dehydrogenase is 5.8.
B Above 60°C the buffalo form of the enzyme would likely denature.
C Below 40°C the bacterial form of the enzyme would likely denature.
D The form of enzyme found in the buffalo operates over a wider pH range than the bacterial form. 

Adapted from VCAA 2017 Sample Exam Section A Q9
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Question 8 (1 MARK)

Scientists have found microorganisms living in hot springs of boiling water. 
The enzyme activity of these microorganisms was investigated over a range of 
temperatures. The results obtained were plotted and are shown in the 
following graph.

Which of the following is correct?

A Point X is the denaturation point.
B The temperature at point X is likely to be 37°C.
C Below point X the enzyme would likely denature.
D Point X is the optimal temperature of the enzyme.

Adapted from VCAA 2004 Exam 1 Section A Q7

Question 9 (1 MARK)

The following graph illustrates the effect of different substrate concentrations 
on reaction rate. In this series of experiments, the amount of enzyme, the pH, 
and the temperature remain constant.

At point X

A all active sites are consistently occupied. 
B the substrate is the limiting reactant. 
C the rate of reaction is decreasing.
D no reactions are occurring.

Adapted from VCAA 2003 Exam 1 Section A Q17

Question 10 (1 MARK)

Bacteria such as Thermus aquaticus live in hot springs where temperatures are around 90°C. What can be said about the  
temperature tolerance range of enzymes found in T. aquaticus?  

A The enzyme’s tolerance range likely centres around 90°C.
B The enzyme’s tolerance range is limited to a narrow range.
C 90°C is outside the enzyme’s tolerance range, however they can still operate.
D The enzymes must be capable of operating over a wide range of temperatures.

Adapted from VCAA 2006 Exam 1 Section A Q19

Use the following information to answer Questions 11 and 12.

Yeast cells divide rapidly provided they are mixed with warm water to form a suspension and sucrose is added. Sucrose is 
unable to cross the yeast cell membrane, and is digested into glucose and fructose by the enzyme sucrase. Sucrase is  
synthesised within the yeast cell but acts in the water surrounding the yeast cells. 

Question 11 (1 MARK)

Warming the yeast suspension increases the rate at which sucrose is broken down to glucose and fructose because warming

A weakens the bonds within sucrase. 
B increases the activation energy of the reaction.
C strengthens the bond between enzyme and substrate.
D increases the frequency of enzyme and substrate collisions.

Adapted from VCAA 2005 Exam 1 Section A Q21
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Question 12 (1 MARK)

Identify the graph that shows the effect of adding more warm water, of the same temperature, to the yeast suspension.
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Adapted from VCAA 2005 Exam 1 Section A Q22

Question 13 (1 MARK)

Laundry powder is sometimes advertised as containing powerful enzymes that break down dirt. These enzymes are called 
extremozymes. They come from some species of bacteria and archaea. The following table gives the optimal functioning of 
enzymes from some of these species.

Species Enzyme Optimal temperature °C Optimal pH

Psychrobacter sp. J 10-30 7.0-9.0

Pseudomonas sp. K 40 10.0

Methanococcus sp. L 120 5.0-8.0

Cystofilobasidium sp. M 40-42 5.0

Given this information and your knowledge of enzyme function, which of the following conclusions could be made?

A Enzyme K would likely denature in extremely acidic environments.
B Enzyme L has the widest optimal temperature range.
C Enzyme M functions well in a basic environment.
D Enzyme J is likely found in the human body.

Adapted from VCAA 2010 Exam 1 Section A Q23

Use the following information to answer Questions 14 and 15.

The enzyme lactase digests lactose.

lactose glucose + galactose
lactase

Question 14 (1 MARK)

Two test tubes were set up using 5 mL of lactose syrup and 0.5 mL of lactase extracted from humans. Test tube one was 
incubated at 37°C, while test tube two was incubated at 15°C. Both tubes were incubated for 10 minutes.

At the end of 10 minutes, the amount of glucose produced in test tube one when compared to test tube two would be

A equal as denaturation does not occur at low temperatures.
B equal as the two test tubes contained the same amount of lactase.
C lower as the enzyme’s active site would have denatured at this temperature.
D higher as substrate collides with the enzyme at a faster rate at this temperature.

Adapted from VCAA 2009 Exam 1 Section A Q7

Question 15 (1 MARK)

In another experiment, test tube three was compared with test tube four. Each tube contained 5 
mL of lactose syrup. Tube three contained 0.25 mL of lactase and tube four contained 0.5 mL of 
lactase. The two tubes were incubated at 15°C and monitored for 10 minutes. The results for test 
tube three are shown.

The results for test tube four would resemble which of the following graphs?
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inhibits enzyme 1
Biochemical Pathway 1 (BP 1)

Biochemical Pathway 2 (BP 2)
substrate                       compound M                       compound N                       arginine

threonine                       compound X                       compound Y                       isoleucine 
enzyme 1                              enzyme 2                             enzyme 3

enzyme 1                              enzyme 2                             enzyme 3

Question 11 (1 MARK)

It is reasonable to conclude that in

A BP 1, an increase in isoleucine results in an increase in enzyme 2.
B BP 2, an increase in arginine results in an increase in substrate.
C BP 1, isoleucine regulates the production of compound X.
D BP 2, arginine regulates the production of compound M.

Adapted from VCAA 2006 Exam 1 Section A Q25

Question 12 (1 MARK)

In BP 1, which two compounds have a complementary shape to one another?

A Enzyme 2 and isoleucine
B Enzyme 1 and isoleucine
C Enzyme 1 and enzyme 2
D Enzyme 2 and threonine

Adapted from VCAA 2006 Exam 1 Section A Q25

Multiple lessons

Question 13 (5 MARKS)

Living organisms cannot survive without the presence of enzymes.

a Outline the mode of action of enzymes in living organisms. (1 MARK)

b Describe what is meant by the term ‘enzyme-substrate complex’ and explain where the binding occurs. (2 MARKS)

c Drug designs can aim to inhibit the action of enzymes.
  A given drug competitively inhibits an enzyme. Compare the structure of this drug to the structure of the enzyme and its 

substrate. (2 MARKS)

Adapted from VCAA 2008 Exam 1 Section B Q4

Question 14 (5 MARKS)

In Tay Sachs disease (TSD), the action of the enzyme that breaks down 
glycolipid is allosterically inhibited.

Part of the metabolic pathway for the breakdown of glycolipid is shown.

a How would the levels of compound T in sufferers of TSD compare 
to a healthy individual? (1 MARK)

b What is the name of the inhibited enzyme in sufferers of 
TSD? (1 MARK)

c How does the presence of compound R affect the concentration of 
compound Q? (1 MARK)

d Would increasing the concentration of transferase help alleviate the 
symptoms of TSD? Justify your response. (2 MARKS)

Adapted from VCAA 2010 Exam 1 Section B Q6

transferase

Hex A

enzyme-controlled
pathways

modified and embedded
in plasma membrane

starting compound P

glycolipid

compound Q
compound R

compound S

compound T
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5C QUESTIONS
Theory review questions

Question 1  

What are the key terms from the lesson that match the following definitions?

a ___________ the form of a coenzyme which carries usable stored energy
b ___________ the coenzyme used to power most cellular reactions 
c ___________ a non-protein organic cofactor that assists in the function of some enzymes
d ___________ the form of a coenzyme which cannot release stored energy
e ___________ a loaded coenzyme involved in carrying protons and electrons in photosynthesis
f ___________ a loaded coenzyme involved in carrying protons and electrons in cellular respiration

Question 2  

X

W Z

Y

Which of the following correctly identifies the shapes W-Z?

W X Y Z

A substrate active site enzyme coenzyme

B inhibitor active site coenzyme enzyme

C substrate active site enzyme inhibitor

D coenzyme inhibitor enzyme substrate

Question 3 

Which of the following are all true statements concerning coenzymes?

A assist the function of all enzymes are organic are not proteins can only be loaded

B assist the function of some enzymes are inorganic are proteins can be loaded and unloaded

C inhibit enzyme function are inorganic are proteins can only be loaded

D assist the function of some enzymes are organic are not proteins can be loaded and unloaded

Question 4 

Classify each of the following statements as relating to ATP, NAD+, or NADPH in the table. 
NOTE: each statement can be classified into multiple groups.

I Is a coenzyme
II Is unloaded
III Carries electrons and protons in the photosynthesis process
IV Allows certain substrates to undergo an enzyme-catalysed reaction
V Is frequently cycled
VI Is loaded
VII Assists enzyme function
VIII Is the most usable form of stored energy
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ATP NAD+ NADPH

A I, V, VI, VII, VIII I, V, VI, VII I, III, IV, VI, VII

B I, IV, V, VI, VII, VIII I, II, V I, III, IV, V, VI, VII

C I, II, IV, V, VII, VIII I, II, V, VII I, III, IV, VI, VIII

D I, IV, VII, VIII I, II, IV, VII, VIII I, III, V, VI, VII

Question 5 

The following steps in a coenzyme-assisted enzymatic reaction are in the wrong order.

1 The products are released from the active site

2 The reaction occurs

3 The substrate is present but cannot be catalysed by the enzyme

4 The enzyme is free to catalyse more reactions

5 A loaded coenzyme binds to the enzyme

6 An enzyme is present

7 The substrate can bind to the active site

8 The unloaded coenzyme leaves the enzyme 

The correct order is

A 6, 3, 5, 7, 2, 4, 1, 8.
B 6, 3, 7, 5, 2, 1, 8, 4.
C 6, 5, 3, 7, 2, 4, 8, 1.
D 6, 3, 5, 7, 2, 1, 8, 4.

Exam-style questions

Within lesson

Question 6 (1 MARK)

The production of adenosine triphosphate (ATP) is represented by the following equation.

ADP + Pi  ATP

ATP

A is the unloaded form of ADP.
B contains four phosphate parts.
C is produced by multiple ADP monomers joining.
D provides a supply of usable energy for the cell.

Adapted from VCAA 2015 Section A Q7

Question 7 (1 MARK)

Which pair of molecules contains the greatest amount of stored energy?

A NADPH and NADH
B NADP+ and NADH
C NADPH and NAD+

D NADP+ and NAD+

Adapted from VCAA 2018 Section A Q10
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Question 8 (1 MARK)

Which of the following is false when considering this reaction? 

ADP + Pi  ATP

A This reaction is reversible.   
B The product of this reaction stores energy.
C The product in this reaction contains three phosphate subunits.
D This reaction is catalysed by a coenzyme to produce adenosine triphosphate.

Adapted from VCAA 2011 Exam 1 Section A Q20 

Question 9  (1 MARK)

NADH is a coenzyme. Which one of the following is a false statement about NADH?

A NADH is frequently cycled.
B NADH is the unloaded form of NAD+.
C NADH contains more usable stored energy than NAD+.
D NADH carries electrons and protons between reactions in a cell.

Adapted from VCAA 2018 Northern Hemisphere Exam Section A Q5

Multiple lessons

Question 10 (1 MARK)

Sucrose (cane sugar) is a disaccharide used by plants as a transport molecule. Sucrose is formed in the following reaction.

glucose + fructose         sucrose
enzyme

With reference to this process, which of the following statements is false?

A Fructose acts as a coenzyme to produce sucrose from glucose.
B The enzyme lowers the activation energy of the reaction.
C The production of sucrose is an energy-storing reaction.
D An enzyme can be used to form sucrose. 

Adapted from VCAA 2008 Exam 1 Section A Q18

Question 11 (1 MARK)

The rate of reaction of a typical human enzyme and coenzyme pairing was compared with the rate of reaction of a typical 
enzyme and coenzyme taken from bacteria that live in hot springs. The rates of reaction were measured over the same range 
of temperatures. The data obtained is shown in the following figure.
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It is reasonable to conclude that

A both enzymes function well at 37°C.
B the human coenzyme is denatured at 0°C.
C the bacterial enzyme cannot function effectively below 40°C.
D the human enzyme functions over a much larger temperature range than the bacterial enzyme.

Adapted from VCAA 2002 Exam 1 Section A Q25
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Question 12 (8 MARKS)

Examine the following reaction.

hexokinase glucose 6-phosphate

ATP ADP

glucose 

a Identify the substrate, enzyme, and coenzyme in the reaction. (2 MARKS)

b How does the structure of hexokinase compare to the structure of glucose? (1 MARK)

c Describe the role ATP plays in the reaction. (2 MARKS)

d Adenosine triphosphate contains three phosphate groups and is converted to adenosine diphosphate in this reaction, 
which contains two phosphate groups.  
i Identify where the third phosphate group has gone in this reaction. (1 MARK) 
ii Outline what happens to the ADP molecule within a cell following this reaction. (2 MARKS)

Key science skills

Question 13 (11 MARKS)

Molecule D is produced in the following reaction.

Enzyme X
A + B C

Enzyme Y
D

Coenzyme Y Coenzyme Y (unloaded)

Enzymes X and Y can catalyse the production of Molecule D many times.

a What happens to Coenzyme Y when Molecule D is produced? (1 MARK)

b If none of the loaded Coenzyme Y were present, how would it impact the concentrations of molecules A, B, C, and D? 
Justify your response. (2 MARKS)

c Identify which enzyme, X or Y, likely contains an active site that better fits their respective substrate(s).  
Justify your response. (2 MARKS)

d The graph demonstrates the change in the rate of production of Molecule C in solutions with different concentrations of 
Molecule D. All other variables are kept constant.

    concentration of Molecule D

rate of 
production 

of Molecule C

    Molecule D is known to have enzyme inhibiting properties.

 i Identify when the consumption of Molecules A and B is greatest. (1 MARK)

 ii  Which enzyme in the pathway does Molecule D inhibit? Explain the effect of Molecule D on the total rate of reaction 
of the pathway. (2 MARKS)

 iii  Scientists studying this reaction hypothesised that Molecule D was acting as a competitive inhibitor in the pathway. 
A study of the structures of molecules A, B, C, and D showed that Molecule D was very similar in structure to 
Molecule C, but shared nothing structurally in common with either Molecule A or B.  
State what type of inhibitor Molecule D is likely acting as. Justify your response by referring to the information,  
and your knowledge of enzymes. (3 MARKS)

Adapted from VCAA 2014 Section B Q1
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Question 10 (1 MARK) 

A student was investigating four cell types from different organisms. She recorded the results of her microscopic examination 
of the cells in the table.

Cell W Cell X Cell Y Cell Z

Ribosomes few many absent few

Chloroplasts present absent absent present

Nucleus present present absent present

Given this information, which one of the following is the correct conclusion that can be drawn from this data?

A Cell W could be a stomach cell from an insect.
B Cell X could be a leaf cell of a fern.
C Cell Y could be an underground root cell from a corn plant.
D Cell Z could be a leaf cell from a gum tree.

Adapted from VCAA 2015 Section A Q12

Question 11 (1 MARK) 

Evidence for the bacterial origin of chloroplasts is not supported by the observation that both chloroplasts and bacteria

A contain ribosomes.
B are bound by a double membrane.
C divide by binary fission.
D have a cell wall.

Adapted from VCAA 2017 Section A Q12

Question 12 (1 MARK) 

Which of the following correctly describes the primary function of a chloroplast?

A site where ATP for a cell is generated
B solar energy is converted into chemical energy
C site of protein synthesis
D storage of wastes and other materials

Adapted from VCAA 2005 Exam 1 Section B Q1

Question 13 (6 MARKS)

Elysia chlorotica is a bright green sea slug, with a soft leaf-shaped body. It has a lifespan of 9 to 10 months. This sea slug is 
unique among sea slugs as it is able to survive on 'solar power'. E. chlorotica acquires chloroplasts from the algae it eats, and 
stores them in the cells that line its digestive tract.

Young E. chlorotica fed with algae for two weeks can survive on ‘solar power’. 

a What is the product of photosynthesis that provides the energy which enables E. chlorotica to survive for so long without 
eating? (1 MARK)

b Write the simplified worded equation for photosynthesis. (1 MARK)

c These slugs survive on 'solar power'.
 i  Name the organelle in the digestive tract of E. chlorotica which allow them to survive on 'solar power'. (1 MARK)

 ii  Most scientists believe this organelle originally survived as a unicellular bacterium. State one piece of evidence that 
supports this theory. (1 MARK)

d Would E. chlorotica need to eat as much, more than, or less than a closely related black sea slug? 
Justify your response. (2 MARKS)

Adapted from VCAA 2010 Exam 1 Section B Q3a
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Multiple lessons

Question 14 (9 MARKS)

Chloroplasts contain their own DNA, referred to as cpDNA. The theory of endosymbiosis is supported by a chloroplast’s ability 
to produce its own intra-organelle proteins. Therefore, chloroplasts can produce their own RNA and contain many ribosomes.

Researchers noted that the formation of these proteins requires the use of different types of Molecule X.

Molecule X

anticodon

a What is the name of Molecule X? (1 MARK)

b What role does Molecule X play in the production of intra-organelle proteins? (3 MARKS)

c The coding information in the cpDNA is initially copied to another molecule (Molecule W). However, Molecule W has a 
different nucleotide sequence from the coding section of the cpDNA molecule.

 Describe how Molecule W is synthesised. (3 MARKS)

d Identify and explain two other pieces of evidence that support the theory of endosymbiosis in chloroplasts. (2 MARKS)

Adapted from VCAA 2016 Section B Q6

Key science skills

Question 15 (7 MARKS)

Timmy is learning about photosynthesis and wants to find out if plants require light to grow. He uses two tomato plantlings, 
known as Solanum lycopersicum, to perform his experiment. 

Timmy measures both plantlings from the base of the stem to the tip and records his results. He then waters each plant with 5 
mL of water and places one under a lamp, and the other in a completely dark room. 

After 24 and 48 hours, Timmy waters each plant with another 5 mL of water. Once three days have passed, he re-measures 
each plant from base to tip of the stem and records the results.

His results are presented in the table.

Before Experiment After 3 Days Growth

Plant A - Under Lamp 7cm 13cm 6cm

Plant B - Dark Room 7.5cm 8cm 0.5cm

a State the independent and dependent variables in this experiment. (1 MARK) 

b State what Timmy’s hypothesis should be. (1 MARK) 

c Identify and explain how Timmy could make his experiment more reliable. (2 MARKS)

d Outline one way that Timmy can ensure precision in his results. (1 MARK)

e What results would disprove Timmy’s hypothesis? (2 MARKS)

Adapted from VCAA 2018 Section B Q11
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6B QUESTIONS
Theory review questions

Question 1 

What are the key terms from the lesson that match the following definitions?

a __________ the primary product of photosynthesis
b __________  the alternative name for the light-independent stage of photosynthesis
c __________ the loaded form of a molecule responsible for transporting electrons and protons around chloroplasts 
d __________ the stage of photosynthesis that occurs in the stroma of the chloroplast
e __________ the inorganic molecule that is a gaseous input of the light-independent reactions
f __________ phospholipid bilayer that is embedded with chlorophyll

Question 2 

Fill in the correct coenzymes into the diagram.

W X Y Z

A ATP ADP + Pi NADH NAD+

B ADP + Pi ATP NADP+ NADPH

C ATP ADP + Pi NADPH NADP+

D ATP ADP + Pi NADP+ NADPH

Question 3 

Complete the following table describing the inputs of each stage in photosynthesis.

J K

A NADPH CO2

B NADP+ CO2

C NADPH O2

D NADP+ O2

Question 4 

Complete the following table describing the outputs of each stage in photosynthesis.

K L M

A Oxygen Glucose Carbon Dioxide

B Hydrogen Carbon Dioxide Oxygen

C Carbon Dioxide Oxygen Water

D Oxygen Glucose Water

Question 5 

Complete the following diagram describing the process of photosynthesis.

Q R S

A Thylakoid membrane CO2 CO2

B Thylakoid membrane O2 CO2

C Cytosol O2 O2

D Cytosol CO2 O2

Light-dependent 
reactions

Light-independent 
reactions

W

X

Y

Z

Inputs

Light-dependent Light-independent

H2O K

J NADPH

ADP + Pi ATP

Outputs

Light-dependent Light-independent

K L

NADPH NADP+

ATP ADP + Pi

M

Location H2O

Q

Stroma

Light-dependent reactions

Light-independent reactions

R

S

H2OC6H12O6

ATPADP + Pi NADPHNADP+
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Question 6 

Classify each of the following statements as either part of the light-dependent or light-independent stage.
NOTE: Not all statements must be categorised into a column.

I Carbon dioxide is used to produce glucose and water
II This process occurs in the stroma
III Oxygen that is released into the environment exits through the stomata
IV The grana is the site of this stage
V The purpose of light energy is to split water
VI NADH is produced
VII ADP + Pi are produced

Light-dependent stage Light-independent stage

A I, II, VII III, IV, V, VI

B III, IV, V, VI I, II, VII

C I, III, IV II, V, VI

D III, IV, V I, II, VII

Question 7 

The following steps of photosynthesis are in the wrong order.

1 Carbon dioxide enters the Calvin cycle

2 Oxygen is either released into the atmosphere or used as an input in cellular respiration

3 Glucose is produced

4 Light energy is absorbed by chlorophyll

5 Hydrogen ions bind to NADP+ to form the loaded carrier, NADPH

6 Water molecules are split into oxygen and hydrogen

The correct order is:

A 4,6,2,5,1,3
B 4,6,2,5,3,1
C 4,3,2,5,6,1
D 6,4,2,5,3,1

Exam-style questions

Within lesson

Question 8 (1 MARK)

Which of the following statements about photosynthesis in chloroplasts is correct?

A The stroma is the site of the light-dependent stage.
B Chlorophyll in the grana traps light for use during the light-independent stage.
C The light-independent stage produces ATP for use during the light-dependent stage.
D The light-dependent stage forms NADPH for the light-independent stage to produce glucose.

Adapted from VCAA 2016 Section A Q11
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Theory summary 
The rate at which plants undergo photosynthesis can vary depending on a few key factors. 
As carbon dioxide concentration increases, the photosynthesis rate also increases until 
a maximum is reached. The same can be said for light intensity. Photosynthesis rate is 
greatest when the temperature corresponds to the optimal temperature of the enzymes 
within the cells, and decreases when the enzymes denature. 

Table 1 Summary of factors impacting photosynthesis rate

Increasing the factor Decreasing the 
factor

Graph of factor against 
reaction rate

Carbon dioxide 
concentration

Increases 
photosynthesis rate until 
a plateau is reached

Decreases 
photosynthesis rate
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Light Increases 
photosynthesis rate until 
a plateau is reached

Decreases 
photosynthesis rate
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light intensity
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Temperature Increases rate when 
below the optimal, 
decreases rate when 
above optimal

Decreases rate due 
to fewer enzyme-
substrate collisions
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temperature

6C QUESTIONS
Theory review questions

Question 1 

What are the key terms from the lesson that match the following definitions? 

a ____________ pores on a leaf that are involved with the exchange of water and carbon dioxide
b ____________ the organelle where light energy is used to produce glucose
c ____________ the temperature where the enzyme function is highest
d ____________ a conformational change in an enzyme due to extreme high temperatures

Question 2  

Which of the following are all true about the rate of photosynthesis?

A Can reach a maximum rate with 
an increase in light intensity

Water is usually the 
limiting factor

Always increases 
with temperature

CO2 concentration impacts 
reaction rate

B Is slowed in the presence of 
bright light

Water is usually in large supply Always increases 
with temperature

CO2 concentration impacts 
reaction rate

C Can reach a maximum rate with 
an increase in light intensity

Water is usually in large supply Increases with temperature until 
the optimal is reached

CO2 concentration impacts 
reaction rate

D Can reach a maximum rate with 
an increase in light intensity

Water is usually the 
limiting factor

Increases with temperature until 
the optimal is reached

CO2 concentration does not 
impact reaction rate
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Question 3 

Fill in the blanks in the following sentences. 

As carbon dioxide levels increase, the rate of photosynthesis generally _____I_____. This is also true for _____II_____, 
although only to a certain point, as when it becomes too _____III_____ the _____IV_____ can denature.

I II III IV

A increases light intensity hot chloroplasts

B increases temperature hot enzymes

C decreases light intensity hot enzymes

D  increases temperature cold chloroplasts

Question 4  

Which of the following displays the correct graphs of photosynthesis rate against increasing factor?

Light Temperature CO2

A

B

C

D

Question 5 

In the table, classify each of the following statements as relating to CO2 concentration, light intensity, or temperature, when 
considering photosynthesis rate. NOTE: each statement can be classified into multiple groups.

I is an input in the photosynthesis equation

II affects the rate of photosynthesis 

III has a photosynthesis rate graph that rises then falls

IV a decrease usually lowers photosynthesis rate

V can be lost or gained through stomata 

VI an increase can denature enzymes

VII has a photosynthesis rate graph that plateaus
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CO2 Light Temperature

A I, II, IV, V, VI, VII II, III, IV, V II, III, IV, VI

B I, II, IV, V, VII I, II, IV, VII II, III, IV, VI

C I, III, IV, V I, II, V, VII I, II, III, VII

D I, II, IV, V, VII I, II, III, IV I, II, IV, VII

Exam-style questions

Within lesson

Use the following information to answer Questions 6 and 7.

The graph shows the uptake of carbon dioxide by a leaf from its external environment as light intensity is altered. All other 
variables are kept constant throughout the experiment.

uptake of
CO2 from
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environment

(arbitrary units)

absorbed light (arbitrary units)
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Question 6 (1 MARK)

The plateau in the graph can be explained by

A the given leaf being unable to take up more than this level of CO2.
B the enzymes within the chloroplasts being inhibited.
C light intensity becoming the limiting factor.
D the uptake of carbon dioxide increasing.

Question 7 (1 MARK)

The greatest rate of photosynthesis is seen

A at 200 arbitrary units of light.
B only at 800 arbitrary units of light.
C when the graph touches the x-axis. 
D from approximately 500 arbitrary units of light onwards.

Question 8 (1 MARK)

A decrease in temperature from a plant’s optimal range decreases the rate of photosynthesis.  
The rate of photosynthesis decreases because

A CO2 cannot be released from the leaves.
B there is less atmospheric O2 surrounding the plant. 
C the enzymes within the chloroplast catalyse at a slower rate.
D high temperatures are required to form the bonds within glucose.

Adapted from VCAA 2014 Section A Q8
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Use the following information to answer Questions 9 and 10.

The graph shows the photosynthetic output of oxygen in spinach leaves as light intensity is increased. Temperature is kept 
constant during the experiment.
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Question 9 (1 MARK) 

Which one of the following conclusions can be made based on the graph?

A Photosynthesis at point X is limited by the temperature. 
B An increase in temperature results in the output of oxygen at point Z.
C At point Z the light-independent stage of photosynthesis is not occurring.
D Above 70 AU of light intensity there is no increase in photosynthesis rate.

Adapted from VCAA 2017 Section A Q13

Question 10 (1 MARK)

At point Y

A an increase in light will increase the rate of glucose production. 
B carbon dioxide is being consumed at a faster rate than at point Z.
C light intensity is no longer the limiting factor of photosynthesis rate.
D light intensity has become the limiting factor of photosynthesis rate.

Adapted from VCAA 2017 Section A Q13

Multiple lessons

Question 11 (5 MARKS)

A group of scientists wanted to test the effects of temperature on the rate of photosynthesis. They conducted an experiment 
on isolated chloroplasts, where they kept the light intensity and the concentrations of carbon dioxide and water constant. After 
the experiment, the following graph was produced.
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a Explain why this trend on the graph was seen. (2 MARKS)

b Enzymes are integral to life. 
 i Outline the function of enzymes in biological systems. (1 MARK)

 ii Name two loaded coenzymes that are important in the photosynthesis process. (2 MARKS)
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d In which flask is the fastest rate of photosynthesis expected to be seen? Justify your response. (2 MARKS)

e Identify three variables that need to be controlled for all flasks in this experiment. (3 MARKS)

f Foolishly, the students forgot to return to their experiment and observe the results. When they returned the following 
period, the flasks had been packed away and all that remained from the experiment was the data from the oxygen meters. 
Luckily, the students were able to access the rate of oxygen production over the first half an hour of their experiment and 
produced the following graphs.
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 Due to their mistakes, there was confusion as to which graph corresponded to which flask. The three students made the 
following suggestions.

Student Graph A Graph B Graph C Graph D

Harris Flask 2 Flask 4 Flask 1 Flask 3

Jasper Flask 3 Flask 1 Flask 4 Flask 2

Davis Flask 3 Flask 2 Flask 4 Flask 1

Which student is most likely correct? Justify your response. (2 MARKS)
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Evidence that supports the endosymbiotic theory includes:

• Mitochondria have their own circular double-stranded DNA (mtDNA) in the matrix 
which is not enclosed in a nuclear membrane (similar to bacteria).

• Mitochondria and bacteria both replicate through binary fission, unlike animal, plant, 
fungi, and algae cells which replicate through mitosis.

• Mitochondria have their own ribosomes in the matrix that share characteristics with 
bacterial ribosomes.

• As mitochondria have their own DNA and ribosomes, they can produce proteins 
through transcription and translation independently from the rest of the cell.

• The outer membrane of mitochondria contains transport proteins called porins. 
Porins are only found in the membranes of prokaryotes.

• Mitochondria have a double membrane which is similar to gram-negative bacteria.

These pieces of evidence allow scientists to recognise that prokaryotes and mitochondria 
are similar, and that mitochondria are well equipped to survive independently. Therefore, 
we can conclude that mitochondria likely originated from prokaryotic ancestors. 

Theory summary 
Cellular respiration is vital to all cells. There are two types of cellular respiration in 
eukaryotic cells, aerobic and anaerobic respiration. Aerobic respiration requires oxygen 
and mitochondria, which consist of the outer and inner membrane, cristae, and the 
mitochondrial matrix. Finally, the origins of mitochondria can be explained by the 
endosymbiotic theory.

  

Figure 7 The engulfment of a 
mitochondrion by a host cell

Image: Jamilia Marini/Shutterstock.com

7A QUESTIONS
Theory review questions

Question 1 

What are the key terms from the lesson that match the following definitions? 

a __________ the sugar broken down by eukaryotes in cellular respiration
b __________ the space inside the inner membrane of the mitochondria 
c __________ respiration that requires oxygen 
d __________ the folds of the inner membrane of the mitochondria
e __________ the coenzyme produced in cellular respiration
f __________ respiration that does not require oxygen
g __________ a mutually beneficial relationship describing when one organism lives inside another 

Question 2 

Which of the following options correctly shows the inputs and outputs of anaerobic respiration in humans?

Inputs Outputs

A
Glucose

Oxygen

Carbon dioxide

Water

ATP

B
Glucose

Ethanol

ATP

C
Glucose

Lactic acid

ATP

D Glucose

Oxygen

Lactic Acid

ATP
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Question 11 (1 MARK)

Provided there are sufficient inputs, what prediction can be made about the rate of cellular respiration in cells from section 
M and K?

A Cells in section M would respire slower than cells in section K.
B Cells in section M would respire faster than cells in section K.
C Both cells types would respire at an equal rate.
D Only cells in section M could respire.

Question 12 (9 MARKS)

Animals can undergo two different types of cellular respiration. 

a State the output/s of anaerobic cellular respiration in animals. (1 MARK)

Adapted from VCAA 2011 Exam 1 Section B Q7

b State the chemical equation for aerobic cellular respiration. (1 MARK)

c Plants can produce glucose using another chemical pathway. 
 i State both the simplified worded and simplified chemical equations of photosynthesis. (2 MARKS)

 ii  Plants contain the photosynthetic organelle chloroplasts, which share a number of similarities with mitochondria and 
prokaryotic cells. Identify two of these similarities. (2 MARKS) 

d When an animal encounters a predator, it may choose to run away to escape. In doing so, its body quickly produces 
energy and its oxygen sources can be exhausted. When the body is low in oxygen, respiration can still occur and continue 
to release energy.

 i Identify the type of respiration that occurs when the animal exhausts its oxygen supply. (1 MARK)

 ii Identify two differences between the two respiration types in animals. (2 MARKS)

Question 13 (5 MARKS)

Methods to overcome mitochondrial diseases
Mitochondrial diseases occur when there is a problem in one of the 290 genes found in mitochondrial DNA (mtDNA), 
making the organelle dysfunctional. Symptoms of the disease may manifest at any age and can include poor growth, 
muscle weakness, problems with one or more organs, and neurological problems. Mitochondrial diseases are challenging 
for doctors to treat because we inherit our mtDNA from our mother. While some of her mitochondria may be functional, it 
is impossible for scientists to tell which egg cells contain these functional mitochondria. This means that if a mother has a 
mitochondrial disease, it is likely that she will pass the disorder onto her children. 
Scientists have developed two approaches to prevent the inheritance of mitochondrial diseases. The first technique 
involves transferring the mother’s nuclear DNA from one of her eggs into an enucleated donor egg with healthy 
mitochondria. Then, the eggs are fertilised with the father’s sperm and developed into an embryo before selection and 
implantation in the mother’s womb. The second approach first allows for the father’s sperm to fertilise the mother’s egg. 
The nucleus of the fertilised egg is then transferred to a healthy, enucleated donor egg, ending in implantation into the 
mother’s womb. The first baby was born using these techniques in 2016.

a Identify and explain the difference between the two techniques of preventing the inheritance of mitochondrial 
diseases. (2 MARKS)

b These innovative techniques could have several consequences for potential parents looking at conceiving via 
these methods.

 i Identify a potential benefit for parents of using donor mitochondrial DNA. (1 MARK)

 ii Identify a potential concern parents may have about using donor mitochondrial DNA. (1 MARK)

c Some people consider these techniques 'unethical because babies born via this method have three parents’. Why are 
these babies said to have three parents? (1 MARK)
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Key science skills 

Question 14 (11 MARKS)

Yeast is a eukaryotic single-celled microorganism classified as a member of the fungi kingdom. Yeast are able to undergo 
aerobic and anaerobic cellular respiration. Two students, Brad and Riley, wanted to investigate aerobic respiration in yeast. 
They conducted an experiment where yeast cells were placed in an airtight container with a warm sugar solution, and left to 
sit for 15 minutes. The percentage levels of oxygen and carbon dioxide within the container were recorded. The results are 
summarised in the following table.

Oxygen (%) Carbon dioxide (%)

Initial percentage in container 22 2

Percentage in container after 10 minutes 18 8

Change in percentage -4 +6

a Why was a sugar solution added to the yeast? (1 MARK)

b Why were the yeast placed in an airtight container? (2 MARKS)

c The concentration of both factors changed throughout the experiment.
 i Explain the change in oxygen concentration. (2 MARKS)

 ii Explain the change in carbon dioxide concentration. (2 MARKS)

d The students’ teacher suggested they repeat their experiment and use more sophisticated measuring instruments. 
 i How would repeating the experiment change the accuracy and precision of the students' results? (2 MARKS)

 ii  How would using more sophisticated measuring instruments change the accuracy and precision of the 
students' results? (2 MARKS)

Adapted from VCAA 2013 Section B Q1
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Question 4 

Which of the following options correctly lists the outputs of the reactions in aerobic cellular respiration?

Glycolysis Krebs cycle Electron transport 
chain

A pyruvate, ATP, 
NADH

NADH, FADH2, CO2, 
ATP

ATP, H2O, NAD+, FAD

B glucose, ATP, NADH NADH, FADH2, CO2, 
ATP

ATP, H2O, NAD+, FAD

C pyruvate, ATP, 
NADH

NADH, FADH2, CO2, 
ATP

ATP, O2

D pyruvate, ADP, Pi, 
NADH

NADH, FADH2, CO2, 
ADP, Pi

ATP, H2O, NAD+, FAD

Question 5 

The steps in aerobic cellular respiration are in the wrong order.

1 Energy is used to convert 2 ADP + Pi into 2 ATP molecules, and to bind protons (H+) and electrons to NAD+ to form  
NADH molecules.

2 The inputs of this stage are glucose, NAD+ + H+, and ADP + Pi.

3 In the next stage, energy is harvested in the form of high-energy electrons. NADH, FADH2, and ATP are produced as a 
result, and carbon dioxide is a waste product.

4 Oxygen is used as the final electron and hydrogen ion acceptor, in a reaction which produces water.

5 Pyruvate (three carbon atoms) is converted to acetyl CoA (two carbon atoms), accompanied by the production of CO2 
(one carbon atom) and one NADH.

The correct order is

A 2, 5, 1, 3, 4
B 2, 5, 1, 4, 3
C 2, 1, 3, 5, 4
D 2, 1, 5, 3, 4

Exam-style questions

Within lesson

Question 6 (1 MARK) 

Which of the following gives the inputs and outputs of the Krebs cycle in an animal cell?

Inputs Outputs

A acetyl CoA, ATP, 
NAD+, FAD

carbon dioxide, ADP, 
NADH, FADH2, Pi

B glucose, ADP, NAD+, 
Pi

pyruvate, ATP, NADH

C oxygen, ADP, FADH2, 
NADH, Pi

water, ATP, FAD, 
NAD+

D acetyl CoA, ADP, 
NAD+, FAD, Pi

carbon dioxide, ATP, 
NADH, FADH2

Adapted from VCAA 2018 Section A Q9

Question 7 (1 MARK) 

An animal cell culture was exposed to radioactively labelled oxygen. The cells were then monitored for three minutes. 
After this time, the radioactively labelled oxygen atoms would be present in the

A fatty acid tails in the inner membrane of the mitochondria.
B mitochondria as part of pyruvate molecules.
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7C QUESTIONS
Theory review questions

Question 1 

What are the key terms from the lesson that match the following definitions?

a ___________ an alcohol that is produced during fermentation in bacteria
b ___________ a unicellular eukaryotic fungi that can anaerobically respire to produce carbon dioxide 
c ___________ the product of fermentation in animal cells
d ___________ cellular respiration that occurs in oxygen deprived environments
e ___________ fermentation that occurs specifically in animal cells

Question 2 

Which of the following options correctly identifies the products of anaerobic cellular respiration in animal and yeast cells?

Animal Yeast

A lactic acid ethanol, carbon dioxide 

B ethanol, carbon dioxide lactic acid 

C lactic acid ethanol 

D ethanol lactic acid, carbon dioxide 

Question 3 

Which of the following options correctly compares the ATP yield of aerobic and anaerobic cellular respiration?

Aerobic Anaerobic

A 36 - 38 ATP 36 - 38 ATP

B 2 ATP 36 - 38 ATP

C 36 - 38 ATP 2 ATP

D 2 ATP 2 ATP

Question 4 

Which of the following options correctly compares the location of aerobic and anaerobic cellular respiration?

Aerobic Anaerobic

A Cytosol Cytosol

B Cytosol Mitochondria

C Cytosol and mitochondria Chloroplast

D Cytosol and mitochondria Cytosol

Exam-style questions

Within lesson

Question 5 (1 MARK)

Consider the production of ATP molecules in a eukaryotic cell in the absence of oxygen. 

The majority of ATP molecules are produced 
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Question 10 (1 MARK)

Which one of the following statements about anaerobic cellular respiration in plant cells is incorrect? 

A Anaerobic cellular respiration in plants produces only ethanol. 
B Anaerobic cellular respiration cannot be indefinitely sustained. 
C The cytosol is the site of glycolysis and produces 2 ATP per glucose molecule.
D Anaerobic cellular respiration is less efficient than aerobic respiration as it produces fewer ATP per glucose molecule. 

Multiple lessons

Question 11 (1 MARK)

The reaction ADP + Pi  ATP

A occurs in cellular respiration and not in photosynthesis.
B does not occur in plants when no oxygen is present.
C requires energy to occur.
D is irreversible.

Adapted from VCAA 2011 Exam 1 Section A Q20

Question 12 (1 MARK)

Aerobic and anaerobic cellular respiration both involve

A the loaded carriers NADH and FADH2.
B the production of ADP from ATP and Pi.
C chemical reactions that occur in the cytosol.
D the use of a proton gradient during the electron transport chain.

Question 13 (1 MARK)

A student was asked to identify differences between the overall processes of aerobic and anaerobic cellular respiration in 
eukaryotic cells. The student prepared the table to outline the differences. 

The only incorrect comparison listed by the student is 

Aerobic respiration Anaerobic cellular respiration 

A more efficient less efficient 

B faster slower 

C involves glycolysis, the Krebs cycle, 
and the electron transport chain involves glycolysis 

D can be sustained indefinitely cannot be sustained indefinitely 

Adapted from VCAA 2007 Exam 1 Section A Q7

Question 14 (7 MARKS)

The smoke produced during a house fire is usually more dangerous than the fire itself. Two of the many toxic chemicals in 
the smoke from a house fire are carbon monoxide and hydrogen cyanide. Carbon monoxide molecules bind to haemoglobin 
molecules in the blood, which reduces the blood’s capacity to transport oxygen. This causes a significant reduction in oxygen 
supply to the cells of the body. Symptoms of carbon monoxide poisoning include dizziness, drowsiness, and nausea. 

a Name and describe the process by which a cell produces ATP in the absence of oxygen, with reference to 
the product/s. (2 MARKS) 

b Carbon monoxide poisoning can be treated by inhaling close to pure oxygen. 
 i State and explain carbon monoxide’s mode of inhibition. (2 MARKS)

 ii  Name and describe the different stages of cellular respiration when cells are exposed to normal oxygen 
levels. (3 MARKS)

Adapted from VCAA 2017 Northern Hemisphere Exam Section B Q4
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Key science skills

Question 15 (9 MARKS)

Kombucha tea has risen in popularity within the last decade, with increased levels of commercial and recreational brewing. 
The drink is often consumed for its supposed health benefits. These include claims for treating AIDS, aging, anorexia, cancer, 
and diabetes. However, there is yet to be concrete scientific evidence to support these claims. 

Kombucha is a fermented drink that is made from sweetened tea and a symbiotic culture of bacteria and yeast (SCOBY). Part 
of the health claims come from probiotic bacteria that can be added in the culture during the brewing process. 

During the brewing process, the yeast in the SCOBY is responsible for fermenting the glucose present within the tea. 

a Name the product/s produced by yeast during the fermentation process. (1 MARK) 

Adapted from VCAA 2016 Section B Q2b

b Explain the importance of fermentation in yeast cells. (1 MARK)

Adapted from VCAA 2016 Section B Q2a

c Give one similarity and one difference between aerobic cellular respiration and anaerobic cellular respiration. (2 MARKS)

d The SCOBY can contain several different species of bacteria. The culture almost always includes the particular bacterial 
strain, Komagataeibacter xylinus. K. xylinus can convert the product of yeast fermentation into acetic acid. This gives 
Kombucha the sour taste. A group of scientists hypothesised that K. xylinus is an obligate anaerobe, meaning that it 
can only live in an environment with little to no oxygen. They performed an experiment to test this hypothesis, and the 
experiment included the manipulation of oxygen content surrounding an agar plate.

 i State the independent and dependent variables in this experiment. (2 MARKS)

 Adapted from VCAA 2018 Section B Q11c

 ii  Assuming their hypothesis is proven correct, describe an environment in which this bacteria would thrive. (1 MARK)

 iii  In the experiment, the samples were not labelled. What type of error is this? (1 MARK)

 iv Describe the results that would support the hypothesis. (1 MARK)

 Adapted from VCAA 2016 Section B Q2
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As oxygen levels rise, the aerobic respiration rate increases. Therefore, more oxygen 
results in faster ATP production. At a certain point, assuming unlimited glucose, adding 
more oxygen does not increase the rate of respiration, as the enzymes involved in the 
process are working at their maximum. 

When oxygen is in short supply, cells may instead undergo anaerobic respiration. This 
allows them to acquire a quick supply of ATP, but at a lower efficiency compared to 
aerobic respiration. 

Effect of temperature on cellular respiration 3.1.25.3

overview

Given that enzymes are essential to cellular respiration, temperature has a large effect on 
respiration rate.

theory details

The temperature of an organism impacts the rate of cellular respiration. As you learned 
in previous lessons, enzymes catalyse many of the steps in both aerobic and anaerobic 
respiration processes. Enzymes have an optimal temperature for functioning. At the 
optimal, the enzyme-catalysed reactions occur at the greatest rate. As a result of this, 
respiration rate and ATP production are greatest when the temperature aligns with the 
enzyme’s optimal temperature.

Below the optimal temperature, respiration rate is slower as individual molecules have 
lower kinetic energy causing fewer collisions between the enzyme and substrate. 
Above the optimal, enzymes begin to denature and respiration rate drops significantly due 
to the loss of enzyme function.

The temperature range within which an organism can respire is different for each kind 
of organism. However, every organism’s peak respiration rate and ATP production occurs 
when the temperature matches their enzyme’s optimal temperature.

Theory summary
The rate of cellular respiration is greatest when both the glucose and oxygen levels are 
unlimited, and the temperature matches the enzyme’s optimal temperature. 

table 1 Summary of factors impacting cellular respiration rate

Glucose availability Oxygen concentration Temperature

Type of cellular 
respiration affected

Both aerobic and anaerobic 
respiration Aerobic respiration Both aerobic and anaerobic 

respiration

Increasing the factor
More glucose  increased respiration 
rate. This increase is limited by  
enzyme availability 

More oxygen  increased respiration 
rate. This increase is limited by 
enzyme availability

Respiration rate is highest at the 
optimal temperature of the enzymes 
involved in respiration. Above the 
optimal, enzymes may denature

Decreasing the factor Less glucose  decreased respiration 
rate

Less oxygen  decreased aerobic 
respiration rate. Cell may still undergo 
anaerobic respiration 

Decreases rate when below optimal 
due to fewer enzyme-substrate 
collisions.
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Figure 4 With unlimited glucose, 
aerobic respiration rate increases 
with oxygen up to a point.

7D QUESTIONS
Theory review questions

Question 1 

What are the key terms from the lesson that match the following definitions? 

a ___________ the temperature where the most enzyme-catalysed reactions occur
b ___________ molecule produced in glycolysis and the ETC that stores a large amount of energy 
c ___________ an irreversible change in an enzyme's active site caused by extremely high temperatures
d ___________ the stage in aerobic respiration that is dependent on oxygen molecules

optimal the point at which, for a 
given condition (e.g. temperature), 
the maximum function of an 
enzyme occurs

denature to irreversibly change a 
protein’s tertiary structure
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Figure 5 The effect of temperature 
on cellular respiration rate
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Question 2 

Which of the following are all true regarding the rate of cellular respiration?

A Typically increases as glucose 
increases

Aerobic respiration rate 
is dependent on oxygen 
concentration 

Anaerobic respiration rate 
generally decreases as oxygen 
concentration increases

Eventually reaches a maximum 
rate with increasing amounts of 
glucose and unlimited oxygen

B Typically increases as glucose 
increases

Aerobic respiration rate is 
dependent on carbon dioxide 
concentration 

Anaerobic respiration rate 
generally decreases as oxygen 
concentration increases

Eventually reaches a maximum 
rate with increasing amounts of 
glucose and unlimited oxygen

C Typically decreases as glucose 
increases

Aerobic respiration rate is 
dependent on carbon dioxide 
concentration 

Anaerobic respiration rate 
generally increases as oxygen 
concentration increases

A maximum rate can never  
be reached

D Typically increases as glucose 
increases

Aerobic respiration rate 
is dependent on oxygen 
concentration 

Anaerobic respiration rate 
generally increases as oxygen 
concentration increases

Eventually reaches a maximum 
rate with increasing amounts of 
glucose and unlimited oxygen

Question 3 

Fill in the blanks in the following sentences. 

The rate of aerobic respiration is dependent on glucose availability, oxygen concentration, and _____I____. Without a large 
supply of _____II____, a cell may undergo anaerobic respiration instead. The key input in both respiration types is _____III____, 
which is broken down to create energy in the form of _____IV____.

I II III IV

A temperature oxygen glucose water

B temperature carbon dioxide water ADP

C temperature oxygen glucose ATP

D carbon dioxide concentration oxygen water glucose

Question 4 

Which of the following are all true regarding temperature and cellular respiration rate?

A Only affects aerobic respiration 
rate

Below the optimal temperature, 
rate increases as temperature 
increases

Above the optimal temperature, 
rate decreases as temperature 
increases

The optimal temperature for 
respiration rate is twice the 
enzymes’ optimal temperature

B Affects both aerobic and 
anaerobic respiration rate

Below the optimal temperature, 
rate increases as temperature 
increases

Above the optimal temperature, 
rate increases as temperature 
increases

The optimal temperature for 
respiration rate aligns with the 
enzymes’ optimal temperature

C Only affects aerobic respiration 
rate

Below the optimal temperature, 
rate decreases as temperature 
increases

Above the optimal temperature, 
rate increases as temperature 
increases

The optimal temperature for 
respiration rate is half the 
enzymes’ optimal temperature

D Affects both aerobic and 
anaerobic respiration rate

Below the optimal temperature, 
rate increases as temperature 
increases

Above the optimal temperature, 
rate decreases as temperature 
increases

The optimal temperature for 
respiration rate aligns with the 
enzymes’ optimal temperature

Question 5 

Classify each of the following statements about respiration rate as either relating to temperature, glucose availability, or 
oxygen concentration. NOTE: each statement can be classified into multiple groups.

1 influences aerobic respiration rate

2 can be seen in both respiration equations

3 an increase can denature enzymes

4 is an input in anaerobic respiration

5 a continued increase can result in a maximum respiration rate being reached

6 is key to the ETC functioning in respiration 

7 directly influences anaerobic respiration rate 

8 a decrease in this factor typically decreases aerobic respiration rate

9 is an input in aerobic respiration 
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Temperature Glucose O2

A 1, 3, 7, 8 1, 2, 4, 5, 7, 8, 9 1, 5, 6, 8, 9

B 1, 3, 5, 7, 8 1, 2, 4, 6, 7, 9 2, 5, 6, 9

C 1, 3, 7, 8 1, 2, 4, 5, 7, 9 1, 5, 7, 8, 9

D 1, 3, 5, 7 1, 2, 3, 4, 6, 8, 9 1, 2, 5, 6, 7

Exam-style questions

Within lesson

Question 6 (1 MARK) 

Muscle cells in the heart contract and relax more rapidly during exercise and require a constant supply of energy. Heart muscle 
cells can increase their rate of cellular respiration by

A increasing carbon dioxide supply.
B increasing oxygen concentration.
C increasing water concentration.
D increasing pH above 7.2. 

Adapted from VCAA 2014 Section B Q3c

Use the following information to answer Questions 7 and 8.

The graph shows the net output of carbon dioxide from yeast as glucose concentration is increased. Temperature is kept 
constant during the experiment.

A

B
C

D E

0 0.1 0.2 0.3 0.4 0.5 0.6

0.1

0.2

0.3

0.4

0.5

net output of 
carbon dioxide 
(arbitrary units)

glucose concentration (arbitrary units)

Question 7 (1 MARK) 

Which one of the following conclusions can be made based on the graph?

A At point E, cellular respiration is no longer occurring. 
B The optimal level of glucose concentration is 0.3 arbitrary units. 
C At point A, the amount of carbon dioxide output is half of maximum. 
D Below 0.2 arbitrary units of glucose concentration, enzymes involved in cellular respiration are not saturated. 

Adapted from VCAA 2017 Section A Q13

Question 8 (1 MARK) 

The rate of carbon dioxide output remains constant between points D and E. This may be because

A there is another metabolic reaction that uses up the carbon dioxide produced.
B the concentration of carbon dioxide increases the rate of cellular respiration. 
C glucose competitively inhibits enzymes involved in the Krebs cycle.
D the enzymes involved in cellular respiration are saturated.

Adapted from VCAA 2017 Section A Q14
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Question 9 (1 MARK) 

A group of students noticed bubbles forming on the submerged leaves of an aquatic plant growing in a tank. The bubbles seen 
on the leaves were the result of a gas formed within the cells of the leaves. The aquarium was in the dark the entire time. 

The rate of formation of these bubbles could be increased by 

A increasing the amount of dissolved glucose in the tank.
B decreasing the number of leaves in the tank.
C increasing the amount of water in the tank.
D cooling the tank to approximately 4°C.

Adapted from VCAA 2018 Northern Hemisphere Exam Section B Q1a

Multiple lessons

Question 10 (1 MARK) 

An increase in the environmental glucose level increases the rate of cellular respiration. The rate of cellular respiration 
increases because 

A the rate of glycolysis reactions in the matrix of mitochondria increases. 
B the rate of the light-independent reactions in the stroma increases with the increase in CO2 level. 
C water, a product of cellular respiration, is removed more easily due to the hypertonic environment. 
D more glucose molecules collide with the enzymes that break it down, increasing the rate at which glycolysis can occur.

Adapted from VCAA 2014 Section A Q8

Use the following information to answer Questions 11 and 12.

Eloise and Ciara set up an experiment to measure the rate of anaerobic respiration. Yeast cells were cultured and suspended 
in solution in sealed tubes to limit oxygen availability. The cells were then exposed to different glucose concentrations and the 
rate of respiration was measured. Eloise was given strain A yeast and Ciara was given strain B yeast. The results obtained by 
both students are shown.

Eloise Ciara

reaction 
rate

glucose concentration

reaction 
rate

glucose concentration

Question 11 (1 MARK) 

Which of the following could the students have measured to quantify the reaction rate? 

A ethanol production
B water consumption
C lactic acid production
D oxygen gas production

Adapted from VCAA 2017 Northern Hemisphere Exam Section B Q5bi

Question 12 (1 MARK)

Which of the following could explain the difference in the results of the students? 

A Strain B only respires aerobically, whereas strain A respires both aerobically and anaerobically. 
B Strain A yeast had fewer mitochondria in each cell compared to strain B. 
C Eloise had a lower number of yeast cells in her suspension.
D Ciara conducted her experiment at a lower temperature.

Adapted from VCAA 2017 Northern Hemisphere Exam Section B Q5biii
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Question 13 (7 MARKS)

The graph shows the rate of carbon dioxide exchange between a plant root system and its external environment as oxygen 
level is altered. All other variables are kept constant throughout the experiment.
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a Danny suggested that aerobic respiration is still occurring when there is no environmental O2 because the CO2 produced 
is greater than zero. Evaluate Danny’s statement and justify your response. (2 MARKS) 

b Describe the consequence for plant root cells if they are deprived of O2 for an extended period of time. (2 MARKS) 

c A plateau is seen on the graph. 
 i  Explain why the graph line becomes nearly horizontal from about 15 arbitrary units of oxygen concentration. (1 MARK)

 ii  Describe the variable(s) that, when altered, could raise the value of the plateau on the graph. (2 MARKS)

Key science skills

Question 14 (11 MARKS)

Yeast is a single-celled microscopic fungus that uses sucrose as a food source by breaking it down into glucose. An experiment 
was carried out by four separate groups of students to investigate the cellular respiration rate of four similar species of yeast. 
Four groups were set up, each with a different species of yeast cells in a container, and a 0.1 M sucrose solution was added to 
each. The containers were sealed in such a way as to prevent air from entering. The percentages of oxygen and ethanol in the 
containers were recorded over a one-hour period. The experiment was carried out at a room temperature of 26 °C, which is 
close to yeast’s optimal temperature (30 °C). The results for each group and the mean are shown in the following table.

Group Percentage of oxygen Percentage of ethanol

At the start of the experiment At the end of the experiment At the start of the experiment At the end of the experiment

1 21 18 0 4

2 8 17 0 5

3 22 19 0 3

4 21 18 0 4

Mean for all 
groups 18 18 0 4

a State the dependent and independent variables. (2 MARKS) 

b Consider the data provided.
 i  Which type of cellular respiration is being measured by the change in the percentage of oxygen in the 

container? (1 MARK)

 ii  Name and describe the process occurring in the yeast that produces ethanol. (2 MARKS) 

c Another student carried out the same experiment at a temperature of 60 °C instead. Describe and explain the expected 
change in percentage of ethanol. (2 MARKS)

d Consider the design of the experiment to investigate cellular respiration. 
 i  A student misread the first value in Group 2. Name the type of error that has occurred in Group 2. (1 MARK)

 ii  Outline how this error impacts the class results. (1 MARK)

 iii  Identify and explain a factor other than sucrose availability that could be changed in the original experiment to 
decrease the rate of both aerobic and anaerobic cellular respiration. (2 MARKS)

Adapted from VCAA 2017 Sample Exam Section B Q1
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From this information, it would be correct to conclude that 

A the response is the production of insulin. 
B glucose enters the cell by facilitated diffusion. 
C Eleni would have a greater insulin concentration within the cell than Shani. 
D the presence of glucose activates receptors on the cell surface, initiating transduction. 

Adapted from VCAA 2017 Section A Q17

Question 11 (5 MARKS) 

The flow chart summarises a sequence of events occurring inside a rod cell in the retina of the eye of a human named Jordan. 

sodium ion channels
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This sequence of events may be described by the stimulus-response model.

a Explain why light is regarded as a stimulus in this system. (1 MARK) 

Adapted from VCAA 2012 Exam 1 Section B Q6bi

b In a game of basketball, one of Jordan’s teammates passed the ball. Light was reflected off the ball and intercepted by 
Jordan’s retina. Following this, Jordan’s arms moved to catch the ball.

 What is the response in this stimulus-response system? (1 MARK) 

c Later that night, Jordan notices that his night vision is significantly worse than usual, and rushes to a doctor immediately. 
The doctor explains that after leaving a bowl of chicken and rice on the bench all day and then eating it, he is now 
suffering from a bacterial infection. This particular bacterial strain produces a molecule that competitively inhibits the 
enzyme phosphodiesterase, preventing the normal function of the enzyme and Jordan’s regular ability to see in the dark. 

 i Describe how this molecule might prevent the normal function of phosphodiesterase. (2 MARKS) 

 ii Explain the effect this would have on electrical impulses in Jordan’s rod cells. (1 MARK)

Question 12 (11 MARKS) 

E. coli bacteria are able to rely on both glucose and lactose as an energy source for cellular respiration. They preferentially use 
glucose in cellular respiration but in certain situations may rely on lactose instead. 

The lacI gene codes for the lac repressor protein, which is synthesised and produced by the ribosomes of the cell. Once 
produced, the lac repressor protein binds to a specific region of DNA and prevents the transcription of the lac operon. 

However, when levels of lactose are high, some lactose is converted into allolactose via an enzyme-linked reaction. Allolactose 
binds to and deactivates the lac repressor protein, allowing gene expression of the lac operon to proceed. Once gene 
expression is complete, the pre-mRNA molecule undergoes splicing and is exported from the nucleus. 

a Describe an environment that would result in E. coli bacteria primarily using lactose as an energy source. (1 MARK) 

b Outline the steps of translation in the synthesis of the lac repressor protein. (3 MARKS)

Adapted from VCAA 2018 Section B Q1a

c How does allolactose inhibit the function of the lac repressor protein? (1 MARK)

d Name and describe the location of the sequence of DNA to which the lac repressor protein binds. (2 MARKS)

e The lac operon encodes for the production of three genes involved in the digestion of the lactose molecule, encoded 
by the regions lacZ, lacY, and lacA. Are the three regions lacZ, lacY, and lacA considered structural or regulatory genes? 
Justify your answer. (2 MARKS)

f Identify the stimuli and corresponding response for the stimulus-response model which involves the expression of the 
lac operon. (2 MARKS)

Adapted from VCAA 2017 Section A Q2
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Key science skills

Question 13 (7 MARKS) 

A group of scientists are attempting to uncover the factors which are involved in the regulation of the gene GCN4. Previous 
research has indicated that the GCN4 gene is involved in the production of many of the amino acids that can be synthesised  
by yeast. 

The scientists’ experimental procedure involved growing Saccharomyces cerevisiae (yeast) on a number of separate nutrient 
agar plates. Using proper scientific technique, the scientists spread a yeast solution on 20 identical nutrient agar plates. 
They labelled the first 10 agar plates A1 through 10 and the remaining agar plates B1 through 10. 

On plate A1, the scientists added an amino acid broth so that the average concentration of amino acids in the plate was equal 
to 0.02 mg/L. The scientists increased the concentration of amino acids by 0.02 mg/L in each of the following plates A2 
through 10, so that plate A10 had an average amino acid concentration of 0.2 mg/L.

The scientists placed plate B1 in a box with an average temperature of -10°C. The scientists then incrementally increased the 
environmental temperature by 10°C for each of the remaining plates B2 through B10, so that plate B10 was in an environment 
of 80°C. 

Each nutrient agar plate was cultured in their respective environments for 48 hours, after which the average GCN4 
gene expression was recorded for each plate. All non-manipulated environmental variables remained constant between 
experiments at their environmental optimum. The results of the experiment are shown in the graph.
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a The scientists considered many different variables in their experimental design.
 i Identify the independent and dependent variables in the experiment.  (1 MARK) 

Adapted from VCAA 2018 Section B Q11c

 ii  Identify each of these variables as either a stimulus or a response according to the stimulus-response 
model. (1 MARK) 

b  Upon inspection of their data, scientists were able to determine that many factors influenced GCN4 gene expression. 
In particular, they noted the relationship between GCN4 gene expression and the concentration of amino acids.

 i Using the graph, describe how the concentration of amino acids may influence GCN4 gene expression. (1 MARK) 

 ii  What does this suggest about the relationship between amino acid concentration and GCN4 gene 
expression? (1 MARK)

c When expressed, the GCN4 protein can bind to many DNA sequences, helping to initiate transcription. Is the GCN4 gene 
a structural or regulatory gene? Justify your response. (1 MARK) 

Adapted from VCAA 2018 Section B Q6a

d The scientists were criticised for poor experimental design and unreliable results. Suggest how the scientists could have 
increased the reliability of their results. (1 MARK) 

e Other than influencing GCN4 gene expression, explain how a shortage of amino acids may affect cellular function. (1 MARK)
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Question 13 (1 MARK) 

A person is about to be mugged in the street. Inside their body, the chemical signalling molecule epinephrine (adrenaline)  
is released from the adrenal gland upon feeling threatened causing their heart to beat faster.

Which of the following correctly identifies which group of molecule epinephrine belongs to and an example of its effect?

A pheromone, decreases heart rate
B pheromone, increases heart rate
C hormone, decreases heart rate
D hormone, increases heart rate

Adapted from VCAA 2013 Section B Q3a

Use the following information to answer Questions 14 and 15.

A comparison between aspects of the nervous system and the endocrine system are given in the table.

Nervous system Endocrine system

Speed Faster Slower

Found in humans? Yes Yes

Found in plants? No No

Signalling molecule W X

Question 14 (1 MARK) 

Which of the following correctly identifies W?

A cytokine
B hormone
C pheromone
D neurotransmitter

Question 15 (1 MARK) 

Which of the following correctly identifies X?

A cytokine
B hormone
C pheromone
D neurotransmitter

Adapted from VCAA 2012 Exam 1 Section B Q6c

Multiple lessons

Question 16 (7 MARKS)

Phototropism is the growth of a plant in response to a light stimulus. It is caused by the gathering of a chemical on the dark 
side of a plant.

a Name the plant hormone responsible for phototropism. (1 MARK)

Adapted from VCAA 2011 Exam 1 Section B Q3a

b Plants contain five major types of hormones. Identify another type of hormone in plants and briefly describe its 
function. (2 MARKS)

c Bending towards the light is beneficial for plants as it allows them to rearrange their chloroplasts in the leaves to maximise 
photosynthesis, promoting growth.

 State the simplified chemical equation for photosynthesis. (1 MARK)

d Animals are also capable of producing their own hormones.
 i What is the name of the system that produces hormones in humans? (1 MARK)

 ii  Hormones can affect cells near their point of secretion, or cells much further away in the body. Explain how some 
hormones can affect cells far away from their point of secretion. (2 MARKS)
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Question 4 

The following steps of the signal transduction of a hydrophilic signalling molecule are in the wrong order.

1 The hydrophilic signalling molecule arrives at a target cell

2 The signal cascades between second messengers and undergoes amplification 

3 A cellular response occurs

4 The transmembrane receptor activates a second messenger within the cell

5 The amplified signals of the second messengers arrive at an intracellular receptor

6 The transmembrane receptor undergoes a configuration change

7 The hydrophilic signalling molecule binds to the transmembrane receptor 

The correct order is:

A 1, 7, 2, 4, 6, 5, 3
B 1, 7, 4, 6, 5, 2, 3
C 1, 7, 4, 6, 2, 5, 3
D 1, 7, 6, 4, 2, 5, 3

Question 5 

Classify each of the following statements as either relating to hydrophobic signalling molecules, or hydrophilic signalling 
molecules. NOTE: some statements may be classified into multiple groups.

I Are lipophilic

II Bind to the extracellular portion of transmembrane proteins

III Are typically polar

IV Can signal for changes in gene expression

V Examples include amino-acid derived hormones and cytokines

VI Can cross the plasma membrane via diffusion

VII Are the stimulus in a stimulus-response model

VIII Require second messengers to transmit the signal

IX Are insoluble in water

Hydrophobic signalling molecules Hydrophilic signalling molecules

A I, III, IV, V, VI, VII II, IV, VII, VIII, IX

B I, IV, VI, VII, IX II, III, IV, V, VII, VIII

C I, IV, VII, VIII, IX II, III, IV, V, VI, VII

D I, III, IV, VI, VII, IX II, IV, V, VII, VIII

Exam-style questions

Within lesson

Question 6 (1 MARK)

Receptors for the hormone angiotensin are found on the exterior of cells in the adrenal glands, arteries, and fat tissues. 

What does this suggest about the nature of angiotensin?

A it is nonpolar
B it is lipophilic
C it is hydrophilic
D it is steroid-based

Adapted from VCAA 2013 Section B Q3b
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Question 10 (1 MARK)

The six signalling proteins within the cell changed concentrations in a chain of events. At times, multiple proteins acted as 
second messengers simultaneously, resulting in multiple molecules carrying a signal.

A statement consistent with the information is that

A Stage B involves a cascade of signals where the signal was amplified. 
B Stage B involves a cascade of signals but no signal amplification occurred.
C Stage B does not involve a signal cascade and the signal was not amplified.
D Stage B does not involve a signal cascade but signal amplification occurred. 

Adapted from VCAA 2018 Northern Hemisphere Exam Section B Q6c

Question 11 (6 MARKS)

A group of scientists are currently studying the molecular mechanisms that cause the sensation of pain. It has been discovered 
that many different receptors and signalling molecules are involved. The group identified three new specific pain receptors 
(GPLR4-2, X9, and K2P4) and the nature of the signalling molecules they interact with are shown in the table. K2P4 appears to 
be a breakthrough discovery as it can interact with multiple kinds of signalling molecules. 
Complete the table by suggesting the cellular location of the three receptors (either plasma membrane or inside the cell). 
Justify your answers.

Name of pain receptor Chemical nature of signalling 
molecule

Receptor location Justification 

GPLR4-2 Protein-based, hydrophilic

X9 Lipid-based, hydrophobic

K2P4 Both protein-based hydrophilic 
molecules AND lipid-based 
hydrophobic molecules

Adapted from VCAA 2015 Section B Q2b

Multiple lessons

Use the following information to answer Questions 12–14. 

After exercise, low levels of blood glucose can result in the release of glucagon from the pancreas. One site of glucagon activity 
is liver cells, where it causes a process called glycogenolysis to occur. In this process, stored glycogen is broken down and 
glucose is released into the bloodstream.

Pancreas

Endocrine signalling of glucagon occurs 
from the pancreas to liver cells

Liver

Liver cells release glucose 
into the blood

Question 12 (1 MARK)

Glucagon is made in the endocrine system.

Glucagon is a

A neurohormone.
B pheromone.
C hormone.
D cytokine.
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8D QUESTIONS
Theory review questions

Question 1 

What are the key terms from the lesson that match the following definitions?

a ___________ a disease caused by a decrease in apoptosis that involves the growth of tumours
b ___________ occurs when protrusions form on the membrane of a cell during apoptosis
c ___________ by releasing cytokines, this cell can begin the death receptor pathway of apoptosis 
d ___________ the pathway of apoptosis that begins with internal cell damage
e ___________ a series of changes within a cell that result in programmed cell death
f ___________ vesicles that are digested by phagocytes during apoptosis

Question 2 

Apoptosis

A causes a cell to die and release chemicals that are recognised by phagocytes.
B only begins after significant mitochondrial damage.
C is initiated due to regulated gene expression.
D causes a cell to expand and rupture.

Question 3 

The sequence of events occurring during apoptosis has been shuffled.

1 Blebbing followed by formation of apoptotic bodies

2 Activation of caspase enzymes by amino acid cleavage

3 Phagocytosis of apoptotic bodies

4 Shrinkage of the cell and nucleus

5 Digestion of intracellular contents

Choose the correct sequence of events in the table.

A 2, 4, 5, 1, 3

B 1, 2, 3, 4, 5

C 1, 4, 2, 3, 5

D 2, 5, 4, 1, 3

Theory summary
Apoptosis is an integral process of the body. It is necessary during foetal development, 
for controlling total cell numbers in the body, and for the removal of diseased or damaged 
cells. There are two general methods of apoptosis initiation: the mitochondrial pathway 
(which recognises intracellular signals) and the death receptor pathway (which recognises 
extracellular signals).

Once initiated, apoptosis progresses as the five step process: caspase activation, digestion 
of cell contents, cell shrinkage, cell blebbing and breakage, and digestion of apoptotic 
bodies by phagocytes.

Changes in the total rate of apoptosis can have major health implications. An increase 
in the rate of apoptosis can cause the death of too many cells, resulting in neurological 
disorders such as Huntington’s disease or Alzheimer’s dementia, and a decrease in the  
rate of apoptosis can cause diseases and disorders such as cancer and syndactyly.
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Question 12 (1 MARK)

In some human diseases, malfunctions in programmed cell death result in the death of too many cells.

At a cellular level, excessive cell death by apoptosis may be caused by

A decreased production of caspase enzymes.
B an increase in the production of cytotoxic T cells.
C an increase in the production of the Fas inhibitor protein, BCL–2.
D blunt trauma applied to the skin, causing cells to swell and burst.

Adapted from VCAA 2018 Section B Q2c

Question 13 (1 MARK)

Apoptosis can be initiated by damage to intracellular contents such as DNA or organelles. Following such damage

A the cell will shrink.
B DNA will be transcribed to produce caspase enzymes.
C the cell will release pheromones and become engulfed by phagocytic white blood cells.
D specific proteins will puncture the cell membrane, causing the cell contents to leak out.

Adapted from VCAA 2017 Northern Hemisphere Exam Section A Q11

Question 14 (4 MARKS)

Damage to the DNA in a cell can initiate programmed cell death.

a Would apoptosis in this cell be initiated by the death receptor pathway? Justify your response. (2 MARKS)

b Describe one change that occurs external to the cell during apoptosis. (1 MARK)

Adapted from VCAA 2018 Section B Q2a

c What role is carried out by phagocytes during apoptosis? (1 MARK)

Adapted from VCAA 2018 Northern Hemisphere Exam Section B Q4a

Multiple lessons

Question 15 (1 MARK)

Cytochrome c

A hydrolyses starch to produce glucose.
B binds to and transports oxygen around the body.
C can recognise and activate death receptor proteins.
D plays a role in the electron transport chain of aerobic cellular respiration.

Question 16 (6 MARKS)

Thyroid lymphoma is a type of cancer characterised by large tumours in the neck. The chance of someone suffering from 
thyroid lymphoma is increased by malfunctions in the structure and function of membrane death receptor proteins.

Normal 
protein 
receptor

Misfolded
protein 
receptor

a Misfolding of the receptor protein has been linked to an increase in the chance of developing thyroid lymphoma.
 i How might misfolding impact the function of the receptor protein? (2 MARKS)

 ii How might misfolding of the receptor protein increase chances of developing thyroid lymphoma? (2 MARKS)

b BCL–2 proteins are known to be able to repress the mitochondrial pathway of apoptosis.
 Predict the activity of the BCL–2 protein in cancerous cells compared to normal cells. Justify your response. (2 MARKS)
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Key science skills

Question 17 (6 MARKS)

Treating malfunctions in apoptosis
Apoptosis (commonly known as ‘programmed cell death’) is the body’s way of regulating diseased or damaged cells, 
and managing the total number of cells in the body. You can often find cancer and senescent cells in tissues which have 
insufficient rates of apoptosis.
Cancer cells replicate extremely quickly and resist apoptosis. Masses of these cancer cells are called ‘tumours’ and 
these tumours can cause health complications and even death. Current treatments for cancer often cause cancer cells to 
undergo apoptosis. For example, many chemotherapy drugs damage DNA within cancer cells. This damage is recognised 
by the cell and the cell begins apoptosis.
Chemotherapy is considered effective when compared to other anticancer drugs, but is criticised for low specificity as 
chemotherapy can cause apoptosis in a wide range of cell types.
Senescent cells resist apoptosis but, unlike cancer cells, they do not replicate. While seemingly innocuous and difficult 
to identify, senescent cells can release cytokines which cause inflammation in surrounding cells and rarely perform any 
useful role. As senescent cells do not undergo apoptosis, they accumulate within certain tissues of the body and have 
been linked to aging in humans.
‘Senolytic’ drugs recognise certain proteins only expressed by senescent cells and selectively initiate apoptosis in these 
cells. Studies have found that senolytic drugs can cause the release of cytochrome c within a cell. Mice treated with 
senolytic drugs have an increased life expectancy of up to 30%. In Australia, senolytic drugs have not yet been approved 
for human trials.

a Identify two mechanisms by which a cell may become ‘apoptosis-resistant’. (2 MARKS)

b Do chemotherapy and senolytic drugs activate the same pathway of apoptosis? Justify your response. (2 MARKS)

c Which drug type is likely to have more severe side effects associated with their use? Justify your response. (2 MARKS)
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Exam-style questions

Within lesson

Question 6 (1 MARK)

When making vaccines, scientists search for a molecule that is unique to a pathogen and stimulates the immune system.

Based on this information, which type of molecule could scientists use?

A an antigen
B an allergen
C an MHC protein
D a self molecule

Adapted from VCAA 2016 Section A Q24

Question 7 (1 MARK)

An example of a ‘non-self’ material in a human is

A cells lining the oesophagus.
B a red blood cell.
C an allergen.
D a neuron.

Adapted from VCAA 2014 Section A Q14

Question 8 (1 MARK)

In the future, scientists aim to grow full-size kidneys for transplants in patients with kidney disease using the patient’s own 
skin cells. This would overcome the problem of rejection of the transplanted kidney by the immune system.

Which of the following is responsible for causing organ rejection?

A pathogens from the donor’s kidney
B the MHC proteins on the donor’s kidney
C the MHC proteins on the receiver’s kidney
D self-antigens from the receiver’s body not recognising the donor kidney cells

Adapted from VCAA 2014 Section A Q19

Question 9 (1 MARK)

Which one of the following is correct?

A Prions are cellular pathogens.
B Prions do not contain genetic material.
C Prions insert their genetic material into a host cell.
D Prions are eukaryotic cells that contain membrane-bound organelles.

Question 10 (1 MARK)

An example of ‘self’ material in an adult human includes

A bacterial colonies in the gut.
B lung cells obtained in a tissue sample.
C viral particles circulating in the bloodstream.
D red blood cells received in a transfusion that don’t match their blood type.

Adapted from VCAA 2014 Section A Q14
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Question 11 (1 MARK)

Temporal arteritis is an autoimmune disease in which the temporal arteries which supply blood to the brain become inflamed. 
This causes headaches and may result in blindness or stroke.

The sequence of immune responses in this disease is shown in the diagram.

A Cytokines are released and macrophages 
are attracted to the artery wall.

These macrophages 
become highly activated.

This results in the characteristic 
inflammation of the artery wall.

Based on the information provided, which of the following could be represented by A in the diagram?

A Immune cells recognise an allergen and initiate a response.
B Immune cells recognise a foreign antigen and initiate a response.
C Immune cells recognise self MHC proteins as non-self and initiate a response.
D Pathogen cells attack the temporal arteries and the immune system initiates a response.

Adapted from VCAA 2016 Section A Q25

Question 12 (1 MARK)

Which of the following about allergens is false?

A All antigens are allergens.
B Allergens are also antigens.
C Allergens are antigens that cause an allergic reaction.
D In order for an allergen to affect someone, they must be sensitive to it.

Question 13 (4 MARKS)

Haemolytic disease of the newborn (HDN) can occur if a Rhesus-negative mother is pregnant with a Rhesus-positive fetus. 
A person who is Rhesus-positive has certain proteins on the surface of their red blood cells; a person who is Rhesus-negative 
does not have these proteins. During pregnancy and birth, some fetal blood cells may enter the mother’s bloodstream, causing 
an immune response in her body.

a Identify and explain the role the rhesus proteins play in the mother’s immune response. (2 MARKS)

b Are the fetal red blood cells serving as pathogens in the mother’s body? Justify your response. (2 MARKS)

Adapted from VCAA 2014 Section B Q5b

Multiple lessons

Use the following information to answer Questions 14 and 15.

Canola is an economically important crop plant in Australia. Pathogens that reduce canola production are a concern to 
farmers. One significant disease is blackleg, caused by the fungus Leptosphaeria maculans. A detailed examination of infected 
canola stems has shown the presence of the fungus.

Question 14 (1 MARK)

The structure of the L. maculans pathogen would consist of

A a lipid envelope.
B abnormally folded proteins.
C MHC proteins on its surface.
D cells containing membrane-bound organelles.

Adapted from VCAA 2017 Northern Hemisphere Exam Section A Q16

Question 15 (1 MARK)

Which of the following could be an antigen originating from L. maculans?

A a toxin
B a larva
C a capsid protein
D a bacterial ribosome
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Use the following information to answer Questions 16 and 17.

In early 2016, there was an outbreak of food poisoning in Victoria linked to the consumption of pre-packaged lettuce. 
In investigations carried out by the Department of Health and Human Services, several products tested positive for the 
prokaryote Salmonella anatum.

Question 16 (1 MARK)

It is reasonable to say that S. anatum is

A a virus.
B a prion.
C cellular.
D non-cellular.

Adapted from VCAA 2016 Section A Q21

Question 17 (1 MARK)

Based on the information provided, which of the following structures would most likely be present in S. anatum?

A flagella
B a protein coat
C membrane-bound organelles
D a misfolded protein

Key science skills

Question 18 (5 MARKS)

Sharon wanted to investigate the effectiveness of a medication against an unknown pathogen. She prepared five different 
concentrations of the medication, which is known to kill pathogens by interfering with the production of their cell wall.

She wrote the following method.

1 Put on a pair of disposable gloves.

2 Collect the five agar plates containing nutrient agar.

3 Label each agar plate with the five different concentrations of the medication.

4 Collect a sample of the pathogen in a broth culture.

5 Measure 0.5 mL of broth in a pipette and place in the centre of the first agar plate.

6 Spread the pathogen evenly over the agar plate with the spreader provided.

7 Place a drop of the medication in the centre of the agar plate.

8 Close the lid of the agar plate and tape the lid to the bottom of the agar plate with sticky tape.

9 Repeat steps 6 to 8 with the other four concentrations of the medication.

10 Place the agar plates on the side bench and leave overnight.

11 Wash your hands and dispose of the gloves.

Sharon returned the next day and found that the medication had influenced the growth of the pathogen. Plates that had higher 
concentrations of the medication had lower rates of pathogen growth.
Adapted from VCAA 2017 Sample Exam Section B Q11

a Based on the information provided, what kind of pathogen is Sharon using in her experiment? (1 MARK)

b Did Sharon use a control in her experiment? If so, identify what the control was. If not, explain what a control would have 
looked like. (2 MARKS)

c Explain why having a control is important in this experiment. (1 MARK)

d While setting up one of the plates, Sharon sneezed onto the agar. What kind of error does this represent? (1 MARK)
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9B QUESTIONS
Theory review questions

Question 1 

What are the key terms from the lesson that match the following definitions?

a ___________ the part of plants that can close to prevent pathogen invasion
b ___________ the group of first-line defences that includes stomach acid and defensins
c ___________ the waxy coating of leaves
d ___________ an enzyme in human tears that destroys pathogens
e ___________ the group of first-line defences that includes intact skin and thick bark

Question 2 

Which of the following is false?

A Plants and animals both have advanced forms of immunity beyond the first line of defence
B Plants and animals both have first-line defences 
C Plants use waxy cuticles as a physical barrier
D Animals do not produce phenols

Question 3 

Fill in the blanks in the following sentences.
In plants, _____I_____ is the only form of defence against pathogens. This is comprised of different physical and chemical 
_____II_____. An example of a _____III_____ barrier in plants is _____IV_____.

I II III IV

A the first line of 
defence

barriers chemical a waxy cuticle

B a physical 
barrier

pathogens microbiological production of chemicals

C a physical 
barrier

barriers physical cilia 

D the first line of 
defence

barriers physical closed stomata

Question 4 

Classify the following animal barriers as either physical, chemical, or microbiological.

I Flora

II Mucous secretions in airways

III Stomach acid

IV Presence of lysozyme in tears

V Intact lining of the airway

VI Fine hairs present in the nose

physical chemical microbiological 

A I, IV V, VI II, III

B III, IV I, II, VI V 

C II, V, VI III, IV I 

D II, V, VI III I, IV 
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Question 5 

Complete the following Venn diagram outlining some different forms of first-line defence mechanisms in plants and animals.

X Y Z

Lysozyme Oxalic acid

X Y Z

A present in human tears chemical barrier produced by some plants

B produced by some plants physical barrier present in human tears

C present in humans tears physical barrier produced by some plants

D produced by some plants chemical barrier present in human tears

Exam-style questions

Within lesson

Question 6 (1 MARK)

As part of the first line of defence in the human immune system, naturally occurring barriers to invading pathogens 
do not include 

A the normal flora in the gastrointestinal tract. 
B the presence of acid in sweat. 
C the creation of memory cells.
D the cilia lining the airway.

Adapted from VCAA 2013 Section A Q14

Question 7 (1 MARK)

In humans, the presence of lysozymes in tears is an example of 

A a physical barrier. 
B a chemical barrier. 
C an adaptive barrier. 
D a microbiological barrier. 

Adapted from VCAA 2017 Sample Exam Section A Q21

Question 8 (1 MARK)

Which of the following is an example of a barrier against a pathogen that is common to both plants and animals?

A secretion of lysozymes 
B an intact outer covering 
C production of galls to wall off pathogens
D highly acidic portions of the gastrointestinal tract

Adapted from VCAA 2015 Section A Q17
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Question 9 (1 MARK)

As part of the first line of defence in the human immune system, naturally occurring barriers to invading pathogens include

A lysozymes secreted in sweat.
B microflora on the surface of skin.
C the production of defensins by skin cells. 
D gall formation around invading pathogens.

Adapted from VCAA 2014 Section A Q15

Question 10 (1 MARK)

Plants are a rich source of nutrients for many organisms, including bacteria, fungi, and viruses. Although plants lack an 
immune system that is comparable to animals, plants have evolved chemical barriers to stop invading pathogens from causing 
significant damage. 

A plant barrier to pathogen invasion is

A lysozyme production in galls. 
B the cilia lining the surface of stems. 
C a waxy cuticle covering the surface of a leaf.
D mucous secretion on the surface of stomata.

Adapted from VCAA 2018 Section B Q3a

Question 11 (1 MARK)

Which one of the following is not an innate defence against pathogens?

A intact skin 
B the production of antibodies
C sticky mucus lining the airways 
D presence of acid in the stomach 

Question 12 (1 MARK)

In humans, the presence of microflora in the small intestine is an example of 

A a physical barrier. 
B a chemical barrier.
C an adaptive barrier.
D a microbiological barrier. 

Adapted from VCAA 2017 Sample Exam Section A Q21

Multiple lessons

Question 13 (1 MARK)

First-line defences are non-specific. With regards to antigens, this means that 

A first-line defences are always the same, irrespective of the antigen present.
B first-line defences respond in particular ways to particular antigens. 
C first-line defences recognise pathogenic antigens. 
D first-line defences do not encounter antigens. 

Question 14 (3 MARKS)

The first line of defence helps protect humans from invading pathogens. An example of a pathogen is bacteria. 

a How do the mucus and cilia lining the airway help protect humans from invading bacteria? (1 MARK)

Adapted from VCAA 2017 Northern Hemisphere Exam Section B Q6a

b Identify two microbiological barriers that prevent pathogenic bacteria from entering the body. (2 MARKS)
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Question 15 (7 MARKS)

Animals are a rich source of nutrients for many organisms, including bacteria, fungi, and viruses. Mammals have evolved 
extensive physical and chemical barriers to stop invading pathogens from causing significant damage.
Salmonella is a bacterial pathogen that infects the gastrointestinal tract and causes food poisoning. In Australia, most 
Salmonella infections occur after eating contaminated food, but also sometimes after contact with an infected person. 
Symptoms include diarrhoea, vomiting, and fever, and usually last for two to seven days.

a Recent evidence suggests gut flora may provide protection against Salmonella infection. Describe how this could 
occur. (1 MARK)

b Name two chemical barriers present in mammals that protect them from an invading pathogen. (2 MARKS)

c Salmonella bacteria contain many enzymes crucial for metabolic function. One of these enzymes is ATPase, which 
catalyses the endergonic reaction:

ADP + Pi  ATP 

i State the chemical barrier that Salmonella bacteria will encounter in the stomach. (1 MARK)

ii Outline the effect of this chemical barrier on the structure and function of ATPase, and the ultimate consequence this 
has for Salmonella bacteria. (3 MARKS)

Adapted from VCAA 2018 Section B Q3

Key science skills

Question 16 (7 MARKS)

The beet caterpillar is an insect pest of the tomato plant. When a beet caterpillar starts to eat a tomato plant, the plant 
responds by producing a chemical known as jasmonic acid. Jasmonic acid and its derivatives have a variety of odours.

a Identify which kind of barrier the production of jasmonic acid is an example of. (1 MARK)

b When examining the plant cells, the receptor for jasmonic acid is found to be on the plasma membrane. State what this 
suggests about the water solubility of jasmonic acid. (1 MARK)

c Anne, a keen biology student, hypothesised that jasmonic acid inhibits caterpillars’ innate immunity to a particular lethal 
pathogen. She has isolated jasmonic acid in a spray, and has access to a large number of plants that do not produce 
jasmonic acid. 

i Outline an experiment Anne could carry out to test her hypothesis, including three variables that must be 
controlled for. (3 MARKS)

Adapted from VCAA 2009 Exam 1 Section B Q4ai

ii Describe the results that would support her hypothesis. (1 MARK)

Adapted from VCAA 2009 Exam 1 Section B Q4aii

iii Identify an ethical issue present in the design of Anne’s experiment. (1 MARK)
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Complement proteins

Within the blood there are a number of different complement proteins that together form 
the complement system. In the presence of certain pathogens, these proteins start reacting 
with each other in a series of reactions called the complement cascade. There are three 
major outcomes of this cascade:

1 Opsonisation of pathogens – complement proteins stick on the outside surface of 
pathogens and make it easier for cells of the immune system, such as phagocytes, to 
recognise them as foreign.

2 Chemoattraction of phagocytes – complement proteins gather near a pathogen and 
attract phagocytes to it, making it more likely to be destroyed.

3 Destruction of bacterial pathogens via membrane attack complexes (MACs) – 
complement proteins join together on the surface of bacteria and make pores in the 
bacterial membrane to cause lysis and kill them.

Venom inhibitors

Venom inhibitors exist in the blood and bind with snake/spider venom, preventing it from 
reacting with cells in the body and causing damage.

Fever

A fever is an abnormally high body temperature. A complex series of responses raises 
the set temperature point of the body causing a person to shiver and feel cold, resulting 
in greater production of heat and increased efforts to conserve heat (e.g. putting on a 
jumper). This is an innate response to potential infection, as many pathogens cannot 
survive at the elevated temperatures that are created by a fever. Fevers are also thought to 
help the immune system by activating certain proteins in the body that bolster the strength 
of the body’s defences.

The immune system is extremely complicated and there are many components such as defensins 
and perforins that haven’t been covered in this lesson. VCAA, however, will most likely assess you 
on the cells and molecules that have been included in this lesson. 

Tip

Steps in the inflammatory response 3.2.8.2

overview

The process of inflammation increases blood flow to an injured area, bringing a greater 
number of immune cells and components to help clear debris and fight pathogens that 
may have entered the body. This increase in the amount of blood and fluid in the affected 
tissue causes swelling, pain, heat, and redness which are characteristic of inflammation.

theory details

The inflammatory response is designed to eliminate the effects of an injury, clear out 
cells that may have been damaged or destroyed, and initiate repair. It is a complex 
non-specific process that occurs in the same way regardless of the pathogen that’s present 
or injury that’s occurred. Below you’ll look at an example of an injury and the body’s acute 
inflammatory response to it.

The process of inflammation

There are three main aspects of the inflammatory response you need to know – initiation, 
vasodilation, and migration.

Initiation

Imagine you’ve been chopping up some wood for the fire. You go to pick a piece up, 
and you get a splinter in your finger. The splinter pierces the skin, damaging cells and 
introducing bacteria into the body. In response to this injury damaged cells release 
cytokines and mast cells degranulate, releasing histamine.

opsonisation the mechanism 
by which complement proteins 
attach to the surface of 
pathogens, making them easier to 
phagocytose

membrane attack complex 
(MAC) a pore formed by 
complement proteins in the 
cell membranes of a pathogen, 
disrupting the membrane and 
leading to the pathogen’s death

vasodilation the expansion of 
blood vessels

degranulation the release of 
granule contents from a cell
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Table 1 Components of the second line of defence and their roles

Cells

Neutrophil Phagocytosis of pathogens

Macrophage Phagocytosis of pathogens and antigen presentation 
to the adaptive immune system

Dendritic cell Phagocytosis of pathogens and antigen presentation 
to the adaptive immune system

Natural killer cell Destroys infected or abnormal cells via induction of 
apoptosis

Mast cell Causes inflammation by the release of histamine

Molecules

Interferons Released by viral-infected cells and causes changes 
in neighbouring cells that make them less susceptible 
to infection

Complement proteins React with each other and aid in the destruction 
of pathogens via opsonising pathogens, attracting 
phagocytes to pathogens, and the formation of 
membrane attack complexes 

Venom inhibitors Prevent venom from reacting with cells in the body 
and causing damage 

Fever An abnormally high body temperature that is an 
attempt by the body to kill pathogens

9C QUESTIONS
Theory review questions

Question 1  

What are the key terms from the lesson that match the following definitions? 

a ___________ the molecule that causes vasodilation of blood vessels
b ___________ phagocytes that interact with the adaptive immune system
c ___________  a non-specific leukocyte that releases cytotoxic chemicals to destroy virally-infected cells
d ___________ proteins that opsonise bacteria via a cascade of reactions with each other 
e ___________  the compound released by virally-infected cells to increase viral resistance in neighbouring cells

Question 2 

Which of the following statements about the second line of defence is false?

A It is non-specific.
B Neutrophils are a form of antigen-presenting cell.
C It includes the destruction of pathogens by phagocytosis.

D Inflammation results in increased blood flow to the site of injury.

Question 3 

Which of the following statements about the inflammatory response is true? 

A Cytokines released by damaged cells attract leukocytes to the site of infection. 
B Inflammation results in increased blood flow and bleeding at the site of injury. 
C Complement proteins form MACs on the surface of viruses.
D Natural killer cells destroy bacteria via phagocytosis.
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Question 4 

Fill in the blanks in the following sentences. 

As part of the inflammatory response, _____I_____ release histamine, causing vasodilation. _____II_____ migrate to the site 
of infection or injury, and consume pathogens/debris. _____III_____ assist these cells in destroying pathogens in a number of 
different ways, including _____IV_____.

I II III IV

A mast cells Phagocytes Complement proteins opsonisation

B phagocytes Complement proteins Mast cells opsonisation

C neutrophils Phagocytes Complement proteins opsonisation

D mast cells Phagocytes Platelets inducing apoptosis

Question 5  

Which of the following options contains all true statements about these innate immune molecules?

Histamine Complement proteins Venom inhibitor Cytokines

A Released by mast cells Attract phagocytes to 
pathogens

Control/stimulate other 
immune cells 

Prevents venom from reacting with cells 
in the body 

B Released by mast cells Opsonise bacteria Prevents venom from reacting 
with cells in the body 

Control/stimulate other immune cells 

C Causes vasoconstriction Increase viral resistance in 
neighbouring cells

Prevents venom from reacting 
with cells in the body 

Control/stimulate other immune cells 

D Causes vasodilation Form MACs Control/stimulate other 
immune cells 

Prevents venom from reacting with cells 
in the body 

Question 6  

Which of the following options contains all true statements about these innate immune cells?

Dendritic cell Mast cell Natural killer cell Neutrophil

A Phagocytoses pathogens Releases histamine Kills infected cells Presents antigens to adaptive 
immune system

B Releases histamine Presents antigens to adaptive 
immune system

Phagocytoses pathogens Kills infected cells 

C Presents antigens to adaptive 
immune system

Releases histamine Kills infected cells Phagocytoses pathogens

D Releases histamine Presents antigens to adaptive 
immune system

Presents antigens to adaptive 
immune system

Phagocytoses pathogens

Exam-style questions

Within lesson

Question 7 (1 MARK)

The inflammatory response is a defence mechanism that evolved in higher organisms to protect them from infection and 
injury. This response 

A is specific to particular antigens. 
B is part of the first line of defence. 
C involves the degranulation of mast cells. 
D occurs independently of the complement cascade. 

Adapted from VCAA 2016 Section A Q20
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Question 8 (1 MARK)

The inflammatory response helps to prevent infection by

A making blood vessels less permeable. 
B promoting phagocytosis of pathogens. 
C activating natural killer cells to kill bacteria.
D releasing interferon to activate the complement cascade. 

Question 9 (1 MARK)

A girl is carrying a piece of wood. A splinter breaks off and becomes embedded in her finger. The next day, she notices an 
inflammatory response occurring in her finger. In the region around the small piece of wood embedded in her finger

A antigens from the foreign material would be presented on the surface of neutrophils to cells of the adaptive immune system.
B mast cells would be leaving the blood vessels and phagocytosing foreign material. 
C cytokines from damaged cells would be attracting leukocytes to the site of injury.
D phagocytes would be releasing histamine to cause vasodilation. 

Adapted from VCAA 2015 Section A Q18

Question 10 (1 MARK)

As part of the second line of defence in the human immune system, cells that present antigens to cells of the adaptive immune 
system include

A mast cells.
B neutrophils.
C dendritic cells.
D natural killer cells.

Adapted from VCAA 2013 Exam 1 Section A Q14

Question 11 (1 MARK)

Defence mechanisms against viral pathogens include 

A neutralisation by cytokines. 
B destruction of viral particles in the bloodstream by natural killer cells. 
C interferons that protect uninfected cells from viral attack.
D formation of membrane attack complexes by complement proteins. 

Adapted from VCAA 2013 Section A Q15

Question 12 (1 MARK)

When a viral pathogen penetrates the first line of defence, an immediate immune response is the 

A activation of the adaptive immune system.
B release of complement proteins by mast cells. 
C destruction of virally infected cells by natural killer cells. 
D destruction of viral particles in the bloodstream by natural killer cells. 

Adapted from VCAA 2018 Northern Hemisphere Exam Section A Q7

Question 13 (1 MARK) 

Cytokines are chemicals that 

A attract phagocytes to the site of injury. 
B protect infected cells from viral attack. 
C cause blood vessels to vasodilate and become leaky. 

D kill bacteria by producing holes in the bacterial cell membrane. 

Adapted from VCAA 2012 Exam 1 Section A Q23
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Question 14 (1 MARK) 

Which of the following substances is responsible for protecting uninfected cells from viral attack? 

A cytosol 
B histamine
C interferons 
D complement proteins

Question 15 (7 MARKS) 

Neisseria meningitidis is a bacterium that causes meningitis. This disease causes inflammation of tissue surrounding the brain 
and spinal cord in humans.
Adapted from VCAA 2011 Exam 1 Section B Q5

a Explain three changes that would occur during the inflammatory response in the tissue surrounding the brain that would 
help combat the bacterial pathogen. (3 MARKS) 

Adapted from VCAA 2018 Northern Hemisphere Exam Section B Q5bi

b Antigen-presenting cells also form an important component of the body’s defence against pathogens.
 i Identify two cell types belonging to the second line of defence that serve as antigen-presenting cells. (2 MARKS) 

ii State the two roles of antigen-presenting cells in the innate immune system. (2 MARKS) 

Multiple lessons

Question 16 (1 MARK) 

Some components of the second line of defence destroy pathogens by disrupting the pathogen’s cell wall. Which of the 
following pathogens would not be affected by this process? 

A protozoa 
B bacteria
C prions
D fungi 

Question 17 (1 MARK) 

An example of an innate response by the human immune system to a protein coat-bound pathogen is 

A the release of interferons by infected cells. 
B the release of complement proteins by mast cells.
C the opsonisation of the pathogen by complement proteins. 
D the formation of membrane attack complexes by complement proteins. 

Question 18 (4 MARKS) 

Scientists have found that milk of the tammar wallaby (Macropus eugenii) contains high levels of peptides and chemicals from 
the innate immune system. 

a Based on the information provided, state three chemicals of the innate immune system that scientists could expect to find 
in the milk. (3 MARKS) 

Adapted from VCAA 2017 Section B Q4di

b State one reason why these compounds are considered part of the innate immune system. (1 MARK)
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Key science skills

Question 19 (7 MARKS)

Scientists wanted to explore the response of the innate immune system to different concentrations of a pathogen in a 
population of mice. To do so, a group of 10 mice were used. Each mouse was infected with a different concentration of 
pathogenic bacteria under their skin. One mouse received no bacteria. After a few hours, the scientists then measured the 
levels of neutrophils and histamine present in the skin of the mice. This procedure was conducted once. 

a State a hypothesis that the scientists could be testing with this experiment. (1 MARK) 
b State whether a control was used in the experiment and identify what the control is/should be. (2 MARKS) 

c Would this experiment enable the scientists to reliably draw scientifically valid conclusions about the response of the 
innate immune system to different concentrations of pathogen? Explain your response. (2 MARKS)

d Outline how neutrophils and histamine protect the mouse’s body once a pathogen has gained entry to the 
internal environment. (2 MARKS)

Adapted from VCAA 2018 Section B Q3c
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9D QUESTIONS
Theory review questions

Question 1 

What are the key terms from the lesson that match the following definitions?

a ___________ cell responsible for the secretion of antibodies
b ___________ the ability of the adaptive immune system to more quickly combat a re-encountered pathogen
c ___________ cell responsible for the destruction of virally-infected cells
d ___________ a structure comprised of two heavy chains and two light chains
e ___________ molecules secreted by T helper cells that drive cloning and differentiation of a selected lymphocyte
f ___________ the part of an antibody responsible for the unique shape of the antigen-binding site
g ___________ lymphocyte responsible for the differentiation of B cells and cytotoxic T cells

Question 2 

Which of the options correctly identifies the structures W, X, Y, and Z?

Z

Y

X

W

W X Y Z

A light chain antigen-binding site heavy chain disulphide bridge

B constant region heavy chain variable region light chain

C antigen-binding site light chain disulphide bridge heavy chain

D heavy chain disulphide bridge light chain variable region

Question 3 

Order the following steps in the humoral response.

I T helper cells produce cytokines to stimulate B cells

II Cytotoxic T cells secrete antibodies

III Antigens are detected by T helper cells

IV B cells differentiate into plasma cells

V Antibodies travel to the pathogen and destroy it

A III, I, IV, V
B III, I, IV, V, II
C II, III, V, IV
D V, I, III, IV
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Question 4 

Complete the Venn diagram outlining the differences and similarities 
between the humoral and cell-mediated responses.

X Y Z

A stimulation by T 
helper cells

antibody-mediated 
destruction of 
pathogens

killing of infected cells 
by cytotoxic T cells

B antibody-mediated 
destruction of 
pathogens

stimulation by T 
helper cells

killing of infected cells 
by cytotoxic T cells

C antibody-mediated 
destruction of 
pathogens

killing of infected cells 
by cytotoxic T cells

stimulation by T 
helper cells

D killing of infected cells 
by cytotoxic T cells

stimulation by T 
helper cells

antibody-mediated 
destruction of 
pathogens

Exam-style questions

Within lesson

Question 5 (1 MARK)

Which of the following correctly depicts an antigen-antibody complex?

A B

C D

Question 6 (1 MARK)

Non-Hodgkin lymphoma is a type of cancer. In most patients with non-Hodgkin lymphoma, the B lymphocytes multiply 
uncontrollably and are unable to differentiate. The patient can develop recurring infections from normally non-pathogenic 
bacteria such as Staphylococcus epidermidis.

Based on the information provided, which of the following statements about patients with non-Hodgkin lymphoma is true?

A These patients won’t be able to form memory B cells.
B These patients won’t be able to form cytotoxic T cells.
C These patients will have non-functioning T helper cells.
D These patients will have more antibodies in their system.

Adapted from VCAA 2018 Northern Hemisphere Exam Section B Q2b

Humoral response Cell-mediated response

X Y Z
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Question 7 (1 MARK)

Botox injections are a cosmetic treatment which reduces facial wrinkles by paralysing the muscles connected to nerve cells. 
Botox injections contain small amounts of weakened botulinum toxin. The muscle paralysis from the initial injections lasts for 
about four months. Muscle paralysis from subsequent injections lasts for shorter periods of time.

The production of which of the following cells could be responsible for the decreasing effectiveness of the Botox injections 
over time?

A Antigen-presenting cells
B Cytotoxic T cells
C Memory B cells
D T helper cells

Adapted from VCAA 2018 Section B Q4c

Question 8 (1 MARK)

The third line of defence against pathogens includes the

A killing of infected cells by memory T cells.
B formation of antigen-antibody complexes.
C secretion of antibodies by cytotoxic T cells.
D presentation of antigens to lymphocytes by neutrophils.

Adapted from VCAA 2014 Section A Q15

Question 9 (5 MARKS)

Antigen-presenting cells engulf pathogens and present antigens on their surface to T helper cells.

a Describe the humoral response that would take place once a T helper cell has detected an antigen present on an 
antigen-presenting cell. (3 MARKS)

Adapted from VCAA 2013 Section B Q4b

b In addition to the humoral response, a cell-mediated response can also occur. Outline the key steps of 
this process. (2 MARKS)

Multiple lessons

Question 10 (8 MARKS)

Immunoglobulins, or antibody molecules, have an important role in the immune system. They are made up of two heavy 
chains and two light chains.

a The diagram shows an antibody.

 i  Draw a generalised pathogen against which this antibody would be effective. Include four surface antigens in your 
drawing and label them. (2 MARKS)

 Adapted from VCAA 2014 Section B Q4b

 ii State three ways antibodies provide protection against pathogens. (3 MARKS)

 Adapted from VCAA 2014 Section B Q4cii

b Immunoglobulin molecules display tertiary and quaternary structure. Explain what ‘tertiary’ structure is and what is 
responsible for its formation. (2 MARKS)

 Adapted from VCAA 2016 Section B Q1c

c The molecular monomers of immunoglobulin chains are amino acids. State the reaction that takes place between amino 
acids to form proteins. (1 MARK)
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Question 2  

Which of the following are all true about the lymphatic system?

A lymph is pumped via the 
contractions of the heart

lymphatic capillaries drain lymph 
from between cells 

pathogens travel through the 
lymphatic system to lymph 
nodes where they are destroyed 
by hydrochloric acid

B cells are produced in bone 
marrow 

B lymph is pumped via the 
movement of muscles 
surrounding lymphatic vessels 

lymphatic capillaries drain lymph 
from between cells 

pathogens travel through the 
lymphatic system to lymph 
nodes where they are destroyed 
by hydrochloric acid

B cells are produced in bone 
marrow 

C lymph is pumped via the 
movement of muscles 
surrounding lymphatic vessels 

lymphatic capillaries drain lymph 
from between cells 

antigen-presenting cells travel 
through the lymphatic system 
to lymph nodes where they may 
initiate clonal selection

T cells are produced in bone 
marrow 

D lymph is pumped via the 
movement of muscles 
surrounding lymphatic vessels 

lymphatic capillaries drain lymph 
from arteries

antigen-presenting cells travel 
through the lymphatic system 
to lymph nodes where they may 
initiate clonal selection

T cells are produced in bone 
marrow 

Question 3 

In the table, classify each of the following organs/tissues as either primary or secondary lymphoid tissues. 

I Tonsils 
II Spleen 
III Bone marrow 
IV Thymus 
V Lymph nodes 

Primary lymphoid tissue Secondary lymphoid tissue

A III, IV I, II, V

B III, V I, II, IV

C IV, V I, II, III

D II, V I, III, IV

Question 4 

Fill in the blanks in the following sentences.

Lymph arrives at the lymph node via the _____I_____. Here it is filtered through _____II_____ where it may cause _____III_____ 
to occur. It is then drained via the _____IV_____.

I II II IV

A veins clusters of immune cells innate immunity lymphatic capillaries

B lymphatic vessels antigen-presenting cells clonal selection efferent lymphatic vessels 

C lymphatic vessels clusters of immune cells innate immunity efferent lymphatic vessels 

D lymphatic vessels clusters of immune cells clonal selection efferent lymphatic vessels

Exam-style questions

Within lesson

Question 5 (1 MARK)

In the lymphatic system 

A T cells differentiate into plasma cells. 
B transport of antigen-presenting cells occurs. 
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Question 10 (1 MARK)

The human lymphatic system 

A contains the site where B cell clonal selection occurs.
B initiates the inflammatory response. 
C is part of the first line of defence. 
D produces gametes 

Adapted from VCAA 2017 Sample Exam Section A Q23

Question 11 (6 MARKS)

Macrophages are one type of cell circulating within the lymph and lymph nodes of humans. 

a Describe how macrophages perform their function within the human lymphatic system. (2 MARKS) 

Adapted from VCAA 2018 Northern Hemisphere Exam Section B Q2a

b Acute lymphoblastic leukaemia (ALL) is a type of cancer. In patients with ALL, the precursor cell to B and T lymphocytes, 
called a lymphoid blast, is overproduced and does not further differentiate into B and T lymphocytes. The patient can 
develop frequent and recurring infections as a result. 

 i  Explain why an ALL patient’s immune system would find it difficult to eliminate an infection caused  
by a virus. (2 MARKS) 

Adapted from VCAA 2018 Northern Hemisphere Exam Section B Q2b

 ii  Explain what would happen in the lymph nodes of a patient with ALL who became infected with a bacterial pathogen 
and the consequence of this for the patient. (2 MARKS)

Adapted from VCAA 2018 Northern Hemisphere Exam Section B Q2b

Key science skills

Question 12 (6 MARKS)

Research suggests that the microorganisms that normally live on the skin have a very complex and beneficial relationship with 
their hosts. Staphylococcus epidermidis is one of the most common species of bacteria on human skin. To investigate the possi-
ble beneficial role of this bacterium, scientists designed an experiment as follows.

Two groups of mice were used. The mice in Group 1 had equal amounts of S. epidermidis applied to their skin whereas mice 
in Group 2 had no S. epidermidis applied to their skin. The mice in both Group 1 and Group 2 were infected with a pathogenic 
fungus. The mice were left for several days, and then scientists measured the levels of antigen-presenting cells (APCs) and 
cytotoxic T cells (Tc cells) in the skin of the mice from both groups. 
Adapted from VCAA 2017 Northern Hemisphere Exam Section B Q6

a Name two cell types that function as antigen-presenting cells. (1 MARK) 

b In addition to the levels of APCs and Tc cells, the growth of the pathogenic fungus was also measured in all of the mice. 
The results of this experiment are summarised in the table. 

Mice Level of APCs Level of Tc cells Growth of the pathogenic fungus

Group 1 high high no growth on skin

Group 2 low low fungus covering a large area of skin

Adapted from VCAA 2017 Northern Hemisphere Exam Section B Q6d

 i Identify the independent variable and the dependent variables in this experiment. (2 MARKS) 
 ii Describe two roles of the lymphatic system in this experiment. (2 MARKS) 
 iii  One of the young laboratory assistants who was responsible for infecting the mice in Group 1 with S. epidermidis 

forgot to use gloves whilst infecting two of the mice, resulting in those mice having unusually high levels of APCs and 
Tc cells. Name the type of error this represents. (1 MARK)
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Vaccinations

One of the benefits of natural active immunity is that it generates long-lasting  
immunity due to the production of memory B and T cells. Unfortunately, in order to get 
this protection you have to go through all the nastiness of getting ill. Wouldn’t it be great  
if there was some way to become immune without getting sick? The good news is that 
you can! 

Vaccines are medical treatments that contain either weakened or deactivated forms of a  
pathogen such that the pathogen cannot cause disease or harm. They can also be 
comprised of structures that closely resemble pathogens (e.g. protein capsids). However, 
the body still recognises the artificially introduced antigens as foreign and can develop an 
adaptive immune response against them. Therefore, when the disease-causing pathogen is 
encountered again in the future, the body recognises the previously encountered antigen 
and is ready to quickly launch an immune response, meaning the pathogen is controlled 
before we get sick. There are four main types of vaccines. These are summarised in Table 1. 

table 1 Types of vaccines

Type of vaccine Contents of vaccine Example diseases

Attenuated

Pathogens that have been grown 
in a lab but have been altered to 
significantly reduce their virulence, 
meaning they are unlikely to cause 
disease or have side effects.

Measles

Mumps 

Rubella 

Chickenpox 

Inactivated
Pathogens that have been grown in a 
lab but have been ‘killed’ or destroyed 
so that they can’t cause disease. 

Influenza 

Polio

Typhoid  

Toxoid
Toxin produced by a pathogen that 
has been altered in a lab so that it can 
no longer cause disease. 

Tetanus 

Diphtheria

Virus-like particle (VLP) 
A protein capsid with antigens on the 
surface. These antigens are the same 
as those belonging to a pathogen. 

HPV 

Hepatitis B

Because vaccines rely on the adaptive immune system to generate immunity, they often 
take days to weeks to confer immunity. It takes time for the complex adaptive immune 
processes to happen and for enough antibodies to be produced to create immunity –  
that’s why it’s worth getting prepared with vaccines before waiting for the real disease  
to come along! 

Many vaccines require multiple doses to develop an adequate level of immunity.  
Vaccines for different diseases may require different numbers of doses at different  
times, the timing and number of which is known as a vaccination program or schedule. 
The first vaccination generates a primary immune response. This response creates a 
moderate level of antibodies and memory cells. The number of these antibodies and 
memory cells, however, dwindles over time. 

As part of a vaccine program, a person may receive a second vaccination a few months 
after their first one. This second vaccination triggers the memory cells created by the 
first vaccine, resulting in a secondary immune response. This response occurs extremely 
quickly and results in the rapid creation of a larger number of antibodies and memory cells 
(Figure 3). Some diseases (such as diphtheria) may require up to six vaccinations before 
someone develops long-lasting immunity. 

Another form of vaccination is a booster vaccine (or booster shot). Booster vaccines 
are given to people who have received a vaccination a long time ago. Whilst memory 
cells outlive plasma cells, they unfortunately die over time. As the number of memory 
cells decreases, a person’s immunity to the disease will wane until they are once again 
susceptible to infection. Booster vaccines produce more memory B and T cells,  
increasing a person’s immunity to an adequate level. It’s important to note, however, 
that these booster shots are separate to vaccination programs that include multiple 
vaccinations. Rather than occurring as part of the initial program, they are given much 
later. For example, when an individual stands on a rusty nail they receive a booster of the 
tetanus toxoid vaccine to stimulate their immune system to create antibodies against the 
tetanus toxin.

Tip Whilst vaccines 
can be administered via 
injection or orally, VCAA 
has only asked about 
injected vaccines 
previously. Regardless of 
the route of administration, 
however, the underlying 
principles of vaccination 
apply to all vaccines. 

Figure 3 Vaccination programs are 
often comprised of more than one 
injection. Subsequent vaccinations 
create a faster response with an 
increased number of antibodies 
generated at a high rate.  
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virulence the potential of a 
pathogen to cause harm

vaccination program a series of 
vaccinations designed to confer 
an individual with immunity 
to a disease. Also known as a 
vaccination schedule 

primary immune response the 
reaction of the immune system  
to an antigen it has not previously 
come into contact with

secondary immune response  
the reaction of the immune system 
to an antigen it has previously 
been exposed to

booster vaccine a vaccination 
given to a person after the 
completion of a vaccination 
program to boost their existing 
immunity against a disease. Also 
known as a booster shot

antivenom a medication 
containing antibodies that is used 
to treat people who have received 
a venomous bite or sting
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c ____________  protection against a disease facilitated by the injection of antibodies 
d ____________  immunity created when an individual gets sick and recovers by themselves 
e ____________  an injection designed to stimulate the immune system without causing disease 
f ____________  immunity given to a baby by the antibodies contained in breastmilk
g ____________   a vaccination against a disease given to a person long after they complete the vaccination schedule  

for that disease

Question 2 

Which of the following statements about immunity is false? 

A Vaccinations result in natural active immunity. 
B Recovery from infection likely results in natural active immunity. 
C Antibodies crossing the placenta create natural passive immunity. 
D Injection with antibodies against a pathogen creates artificial passive immunity. 

Question 3 

Which of the following statements about herd immunity is false? 

A Booster shots support herd immunity. 
B Herd immunity protects unvaccinated people.
C Herd immunity is created by injecting antibodies into unvaccinated people. 
D Herd immunity can be achieved by vaccinating approximately 95% of people in a population. 

Question 4 

In the table, classify each of the following as either passive or active immunity.

I Vaccination
II Antibody injection
III Toxoid injection 
IV Infant consumption of antibodies in breastmilk 
V Injection of booster shot 

Passive immunity Active immunity

A II, IV I, III, V

B I, II, III, IV V

C IV, V I, II, III

D II, III, IV I, V

Question 5 

Fill in the blanks in the following sentences. 

_____I_____is created when a high proportion of the population is vaccinated against a disease. It protects at-risk people 
because _____II_____. Another way to protect at-risk people is to give a _____III_____ to people who have previously 
received a vaccination against a disease. This treatment is needed because the number of _____IV_____ in the body 
decreases over time.

I II III IV

A Herd immunity the pathogen is killed directly by the vaccine vaccine antibodies

B Active immunity there are fewer potential hosts for the pathogen vaccine antibodies

C Herd immunity there are fewer potential hosts for the pathogen booster shot memory cells 

D Passive immunity the pathogen is killed directly by the vaccine booster shot memory cells 
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Exam-style questions

Within lesson

Question 6 (1 MARK) 

Australian marsupials, such as wallabies, kangaroos, wombats, and koalas, give birth to very underdeveloped young  
called joeys. Joeys spend many weeks in the pouch feeding on milk produced by mammary glands. This milk contains  
various antibodies. 

The antibodies in the milk that are fed to the joey would be best described as

A artificially acquired, passive immunity. 
B naturally acquired, passive immunity.
C artificially acquired, active immunity.
D naturally acquired, active immunity.

Adapted from VCAA 2017 Section B Q4c 

Use the following information to answer Questions 7 and 8.

Haemolytic disease of the newborn (HDN) can occur if a Rhesus-negative mother is pregnant with a Rhesus-positive fetus.  
A treatment called immunoprophylaxis has reduced the incidence of newborn death due to HDN. In this treatment, the 
Rhesus-negative mother receives injections of RhD antibodies with her first Rhesus-positive pregnancy, and again at the birth. 

Question 7 (1 MARK) 

The injection of antibodies is used to achieve 

A artificial (induced) and passive immunity. 
B artificial (induced) and active immunity. 
C natural and passive immunity. 
D natural and active immunity.

Adapted from VCAA 2014 Section B Q5c

Question 8 (1 MARK) 

The treatment of the mother with RhD antibodies would

A contain an inactive form of a pathogen. 
B protect future pregnancies against HDN. 
C stimulate an adaptive immune response. 
D deliver RhD antibodies to the unborn foetus.  

Question 9 (7 MARKS) 

Pertussis (whooping cough) is a highly contagious respiratory infection caused by the bacteria Bordetella pertussis.  
The pertussis vaccine is offered as part of an immunisation program for children at two months, four months, six months,  
four years, and in Year 10 of secondary school.

a State the type of immunity formed by the vaccination. Justify your answer. (2 MARKS) 

Adapted from VCAA 2013 Section B Q4a

b Adults who have previously been vaccinated against pertussis are advised to receive an extra vaccination if they are 
planning on coming into contact with newborn babies. This is because babies aren’t able to receive the whooping cough 
vaccine until they are two months old.

 i State the name of this type of vaccine, and explain why they are necessary. (3 MARKS)

 Adapted from VCAA 2013 Section B Q4c

 ii  By encouraging high vaccination rates and booster shots every 10 years, governments are trying to achieve a 
specific type of immunity. Name this type of immunity and explain how it can protect babies who have not been 
vaccinated. (2 MARKS)

 Adapted from VCAA 2018 Section B Q5b

CHApter 10: ImmuNIty360 





a The article states that Australia has one of the highest vaccination rates in the world with over 90% of children  
fully immunised by age five. How would not completing a vaccination schedule impact the immunity of a child  
against a disease? (2 MARKS) 

b According to the article, what are the two factors influencing the uptake of vaccines in Australia? (1 MARK) 

c What does the article suggest is the reason behind the stance of vaccine-refusing parents being so 
widely known? (1 MARK)

d Which group of parents would be the best target of extra efforts to increase vaccination rates in Australian children?  
Use evidence from the article to justify your response. (2 MARKS)

e Based on the information in the article, suggest three broad strategies for increasing vaccination rates amongst  
Australian children. (3 MARKS)

Key science skills

Question 13 (12 MARKS)

Chickenpox (varicella) is a highly contagious viral disease caused by the varicella-zoster virus (VZV). A vaccine against the 
disease became commercially available in 1984.

a What is a vaccine, and how can vaccines cause lifelong immunity? In your response, be sure to include information related 
to the humoral response. (3 MARKS) 

Adapted from VCAA 2016 Section B Q5a

b A scientist wanted to compare the effects of two different injected medical interventions designed to prevent and/or treat 
chickenpox. To do so, she measured the antibody concentrations of two patients, Patient 1 and Patient 2. Patient 1 received 
intervention A, whereas Patient 2 received intervention B. Neither patient became ill during the 120 days of the 
experiment. The graphs show the scientist’s findings over a 120-day period. 

 i Based on the information provided, identify the nature of each intervention and explain your response. (4 MARKS)

 ii  What occurred just after day 22 in intervention B, and why was this necessary? (2 MARKS)

 Adapted from VCAA 2017 Section A Q26

 iii What type of immunity would be created by treatment A? (1 MARK)

c State whether a negative control was used in the experiment and identify what the control is/should be. (2 MARKS)
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How allergic reactions work 3.2.13.3

overview

Allergic reactions occur when the body’s immune system is activated by a non-pathogenic 
antigen. They are initiated by histamine released from mast cells after IgE antibodies have 
bound to an antigen. 

theory details

Back in lesson 9A the concept of allergens was introduced. Allergens are non-pathogenic 
antigens recognised by the immune system as foreign and result in an inappropriate 
immune response called an allergic reaction. Not only is this immune response 
unnecessary, but it also causes the unpleasant symptoms we know as allergies. These vary 
widely depending on the allergen and the body system affected, but can include an itchy 
rash, runny nose, sneezing, shortness of breath, and swelling (Figure 8). 

How allergic reactions occur 

There are two key processes involved in an allergic reaction - sensitisation, and re-
exposure. Each of these are comprised of four steps, and are summarised in Figure 9. 

SENSITISATION

RE-EXPOSURE

1
The immune 

system is exposed 
to an allergen. 

2
A B cell inappropriately 

recognises an allergen as 
a pathogen and undergoes

the processes of clonal 
selection and di�erentiation 
that produce plasma cells. 

3
A variety of di�erent 

signals within the immune
system lead to these plasma 

cells secreting abnormally
high amounts of IgE antibodies.

4
These antibodies are 

secreted into the
bloodstream 

and bind to mast cells
throughout the body, 
coating their surface.

 
These cells are now

said to be ‘sensitised’
to the allergen. 

5
An individual with
sensitised cells is 
re-exposed to the 

same allergen. 

6
This allergen binds with

 multiple IgE antibodies on 
the surface of a mast cell 

(called cross-linking),
which causes the mast

cell to degranulate,
releasing histamine. 

7
Histamine has a number
of physiological e�ects
including vasodilation, 

constriction of the airways, 
increased mucous secretion, 

increased permeability 
of blood vessels, 
and a decrease in
 blood pressure.

8
These physiological e�ects

cause the symptoms of allergies.
For example, capillaries 

becoming more permeable 
and leaky causes swelling; 
vasodilation of the blood 

vessels causes redness
of the skin and an increased
number of phagocytes to be

recruited to the a�ected tissues; 
and constriction of smooth

muscles in the airways causes
 di�culty breathing.  

Figure 9 A breakdown of the two key processes involved in an allergic reaction 

Management of allergic reactions 

Generally speaking, there are three key ways in which allergies can be managed: 

• Avoidance of allergens - for example, if a person has hay fever (see case study) and is 
allergic to pollen they could stay indoors or wear a face mask on days with a high pollen 
count

• Management of symptoms - for example, if a person experiences constriction of the 
smooth muscles in their airway they could use ventolin to relax these muscles and make 
breathing easier. If a person is having a severe allergic reaction, called anaphylaxis, they 
may need to inject themselves with adrenaline in the form of an EpiPen (Figure 8b). 
Adrenaline has the opposite effect of histamine in many areas throughout the body,  
and can help reverse the symptoms of anaphylaxis by constricting blood vessels and 
relaxing the muscles in the airways. 

• Reduction of the allergic response - antihistamines are a medication that can be taken 
by those who experience allergies. These drugs work by binding to histamine receptors 
in the body, preventing histamine released by mast cells from interacting with them. 
Another way allergies can be reduced is by allergen immunotherapy, a treatment in 
which allergy sufferers are exposed to increasingly larger amounts of allergen either  
via injection or sublingual (dissolves under the tongue) tablets in an attempt to 
desensitise their immune system to an allergen. 

(a)

allergen a non-pathogenic 
antigen that triggers an 
allergic reaction

allergic reaction an inappropriate 
immune response to a  
non-pathogenic antigen

allergy a cluster of syndromes 
experienced by a person who has 
had an allergic reaction

mast cell a type of leukocyte 
responsible for releasing histamine 
during allergic and inflammatory 
responses

Figure 8 Allergic reactions can be 
(a) mild but extremely annoying 
like hay fever, or (b) serious and 
deadly like an anaphylactic reaction 
requiring treatment with an EpiPen. 

Image: saharrr/Shutterstock.com

Image: aoldman/Shutterstock.com

(b)

hay fever an allergic reaction to 
pollen that causes inflammation 
of the nose resulting in itching, 
runny nose, sneezing, and swollen 
and watery eyes. Also known as 
allergic rhinitis 
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Question 5  

Order the following steps in an allergic reaction. 

1 Histamine is released

2 Abnormal amounts of IgE are produced by plasma cells 

3 IgE binds with allergen, triggering degranulation of mast cells

4 B cells interact with an allergen

5 IgE binds to the surface of mast cells

A 4, 1, 5, 2, 3
B 3, 1, 4, 5, 2
C 4, 2, 5, 3, 1
D 5, 3, 1, 4, 2

Exam-style questions

Within lesson

Question 6 (1 MARK)

Allergic reactions are different from diseases caused by pathogens because in all allergies 

A certain self-tissues are not recognised as ‘self’ and this causes an immune response to the tissues. 
B mast cells degranulate due to surface-bound IgE binding with an allergen. 
C B cells are stimulated by allergens to produce large amounts of IgM. 
D there are not enough lymphocytes to combat the allergen. 

Adapted from VCAA 2015 Section A Q19

Use the following information to answer Questions 7 and 8. 

Myasthenia gravis is a disease in which communication between a nerve and a muscle across a neuromuscular junction 
is disrupted by antibodies that bind to the acetylcholine receptor. The muscle cannot contract when this communication 
is disrupted. 

The diagram shows a neuromuscular junction. 

axon of 
nerve cell

vesicle containing
acetylcholine

acetylcholine 
receptormembrane of 

muscle cell

Question 7 (1 MARK)

Considering the information provided, myasthenia gravis is 

A an allergic response. 
B a pathogenic disease. 
C an autoimmune disease. 
D an immunodeficiency disease. 

Adapted from VCAA 2016 Section A Q25

Question 8 (1 MARK)

Which one of the following could be a useful treatment for myasthenia gravis? 

A Vaccination with an attenuated form of the myasthenia gravis pathogen in order to stimulate the adaptive immune system 
to generate antibodies against it. 

B Repeated removal of the patient’s blood and filtering of acetylcholine before returning the blood back to the patient’s body. 
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C Increasing the amount of choline, a precursor to acetylcholine, obtained in the patient’s diet. 
D Suppression of the patient’s immune system with immunosuppressants. 

Adapted from VCAA 2017 Northern Hemisphere Exam Section A Q15

Question 9 (5 MARKS)

Multiple sclerosis (MS) is an autoimmune disease. In sufferers of MS, the myelin coating of nerve cell axons is damaged. 
This damage results in poor transmission of nerve messages between the brain, the spinal cord, and the rest of the body. 
One aspect of MS diagnosis is imaging the brain to detect visible areas of demyelination, called plaques. 

a Describe how autoreactive cells are developed in patients with MS, and explain how they lead to 
demyelination. (3 MARKS) 

Adapted from VCAA 2011 Exam 1 Section B Q2b

b One of the primary symptoms of multiple sclerosis is weakening of the muscles. Describe a possible cause for this 
weakening. (2 MARKS) 

Adapted from VCAA 2014 Section A Q10

Question 10 (6 MARKS)

In people with hay fever the inhalation of pollen causes an allergic reaction to take place. One of the primary symptoms of hay 
fever is a runny nose. 

a Describe the sequence of events that would result in a runny nose in a sufferer of hay fever upon inhalation 
of pollen. (4 MARKS) 

Adapted from VCAA 2011 Exam 1 Section B Q2b

b State two other specific physiological changes that occur as part of the allergic response and the resulting symptoms each 
one causes. (2 MARKS) 

Adapted from VCAA 2017 Northern Hemisphere Exam Section A Q14

Multiple lessons

Use the following information to answer Questions 11 and 12. 

The thymus is an important organ in the immune system. As humans grow older, there is a change in the weight of the thymus 
and an increase in the proportion of fat it contains. 

Examine the table. 

Age At birth 10 years 20 years 30 years 60 years

Average weight of 
thymus (grams)

20 35 20 15 5

Question 11 (1 MARK)

Based on the information provided, it is reasonable to conclude that 

A the production of metabolism-altering hormones will decrease. 
B people have less need for an adaptive immune system as they age. 
C as a person ages the number of mature B cells in their body decreases. 
D a 60 year old will have a reduced cell-mediated immune response compared to a 20 year old. 

Adapted from VCAA 2011 Exam 1 Section B Q2b

Question 12 (1 MARK)

The thymus plays an important role in the destruction of autoreactive lymphocytes. In doing so, it prevents the development of 

A immunodeficiency diseases. 
B autoimmune diseases. 
C pathogenic infections. 
D allergic reactions. 

CHapTER 10: ImmunITY372 









Theory summary
Through the immunisation of mice and the extraction of produced B cells, scientists can 
stimulate the production of antibodies used for cancer treatment. The process to produce 
these antibodies is:

1 Identification of antigen

2 Vaccination of mouse

3 Extraction of mouse B cells

4 Fusion of mouse B cell with myeloma cells

5 Selection of appropriate hybridoma

6 Collection and purification of antibodies

These antibodies treat cancer though flagging the cancerous cells to the immune system, 
assisting in the delivery of drugs to target cells, preventing the growth of tumour cells 
through blocking growth proteins, and inducing apoptosis in cancerous cells.

10C QUESTIONS
Theory review questions

Question 1 

What are the key terms from the lesson that match the following definitions? 

a ____________  a rapidly reproducing plasma cell
b ____________  a cell that is a fusion of a cancerous plasma cell and an extracted B lymphocyte from a mouse
c ____________  protein molecules made in a laboratory by a hybridoma cell
d ____________  proteins found on the surface of cells that identify them as self or non-self

Question 2 

Which of the following correctly lists four treatments that monoclonal antibodies can initiate?

A Flags cancer cells to the 
immune system

Delivers nutrients to healthy cells Induces necrosis Promotes growth of targeted cells

B Induces apoptosis Attacks any cancerous antigen in  
the body

Flags cancer cells to the 
immune system

Inhibits growth of targeted cells

C Cuts off water supply to 
cancerous cells

Flags cancer cells to the immune 
system

Promotes growth of  
targeted cells

Induces necrosis

D Targets a specific cancerous 
antigen in the body

Inhibits growth of targeted cells Induces apoptosis Flags cancer cells to the immune 
system

Question 3 

Which of the following is false?

A mAbs are a fusion of a carbohydrate molecule and protein molecule.
B mAb production involves mice being immunised against an antigen.
C mAbs can flag cancerous cells to the body’s immune system.
D mAbs can be used with chemotherapy treatments.

Question 4 

Order the following steps for the production of monoclonal antibodies.

1 Fusion of mouse B cell with myeloma cell
2 Selection of appropriate hybridoma
3 Identification of antigen
4 Collection and purification of antibodies
5 Vaccination of mouse
6 Extraction of mouse B cells
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A 5, 6, 1, 2, 4, 3
B 3, 5, 6, 1, 2, 4
C 3, 6, 5, 1, 2, 4
D 6, 5, 1, 2, 4, 3

Exam-style questions

Within lesson

Question 5 (1 MARK) 

Monoclonal antibodies

A are lipid molecules.
B are produced by B memory cells.
C bind to the extracellular receptors of specific cells.
D all share the same universal active site that can bind to all cancerous cells.

Adapted from VCAA 2018 Section A Q24

Question 6 (1 MARK) 

Monoclonal antibodies can be used to treat cancerous cells in the body.

Which of the following is not a role of monoclonal antibodies?

A Trigger cell lysis through necrosis.  
B Initiate an immune response by flagging the cancerous cell to immune cells.  
C Deliver treatments such as radiation or chemotherapy drugs directly to the site of cancerous cells.
D Prevent cell growth in the cancerous cell by blocking its connection to proteins that promote cell growth.

Adapted from VCAA 2018 Northern Hemisphere Exam Section B Q2c

Multiple lessons

Question 7 (10 MARKS)

Monoclonal antibodies: the invisible allies that changed the face of medicine
By Lara Marks
Published in The Conversation August 10th 2015
Monoclonal antibodies (mAbs) are tiny magic bullets that are quietly shaping the lives of millions of patients around the 
world. Produced in the lab, invisible to the naked eye, relatively few people are aware of these molecules’ existence or 
where they came from. Yet monoclonal antibodies are contained in six out of ten of the world’s bestselling drugs, helping 
to treat everything from cancer to heart disease to asthma.
In the years that have passed since 1975, mAb drugs have radically reshaped medicine and spawned a whole new 
industry. It is predicted that 70 mAb products will have reached the worldwide market by 2020, with combined sales  
of nearly $125bn.
Key to the success of mAb drugs are the dramatic changes they have brought to the treatment of cancer, helping in many 
cases to shift it away from being a terminal disease. mAbs can very specifically target cancer cells while avoiding healthy 
cells, and can also be used to harness the body’s own immune system to fight cancer. In contrast, chemotherapy and 
radiotherapy can lead to debilitating effects on an individual’s health, as there is not a high-cell specificity, meaning  
cancer cells are targeted with less direction.
mAbs have also radically altered the treatment of inflammatory and autoimmune disorders like rheumatoid arthritis  
and multiple sclerosis, moving away from merely relieving symptoms to targeting and disrupting their cause.
Aside from cancer and autoimmune disorders, mAbs are being used to treat over 50 other major diseases.  
Applications include treatment for heart disease, allergic conditions such as asthma, and prevention of organ rejection 
after transplants. mAbs are also under investigation for the treatment of central nervous disorders such as Alzheimer’s 
disease, metabolic diseases like diabetes, and the prevention of migraines. More recently they were explored as a  
means to combat Ebola, the virus disease that ravaged West Africa in 2014.
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a What is meant by the term ‘autoimmune disorder’? (1 MARK)

b Do monoclonal antibodies cause less severe side effects than chemotherapy?
 Support your response with evidence from the article. (2 MARKS)

c Identify the type of immunity created by mAbs. (1 MARK)

d Describe one way that mAbs can affect cancerous cells that does not require the use of other drugs. (2 MARKS)

e The article discusses the potential applications of mAbs including ‘treatment for heart disease, allergic conditions such as 
asthma, and prevention of organ rejection after transplants’.

 i  State whether the mAbs used to treat cancerous cells would be identical to the mAbs used for these future potential 
applications. Justify your response. (2 MARKS)

 ii  Describe the potential role of mAbs in drug delivery for these applications. (2 MARKS)

Key science skills

Question 8 (8 MARKS)

Scientists use a test called ELISA to identify whether antibodies are present in a solution. If antibodies are present,  
the solution changes colour.

High
concentration 
of antibodies

Medium
concentration 
of antibodies

Low
concentration 
of antibodies

No antibodies

Using monoclonal antibodies in an ELISA test, scientists can detect the presence of colorectal cancer by detecting the amount 
of the antigen CA19-9 in a patient’s sample. If cancerous cells are present in the sample, mAbs will attach to CA19-9 antigen 
and cause a colour change. If cancerous cells are not present, the mAbs will be washed out. 
The ELISA process is as follows:

EE

E

E

Step 1 Step 2 Step 3 Step 4

CA19-9 antigen 
from patient 
attached to 
inner surface 
of container

Lab-made mAbs 
are added to the 
container and 
attach to antigen

Man-made 
antibody with 
enzyme (E) 
attached added 
to container

Enzyme activates 
the dye which 
gives the measure 
of amount of 
antibody present

wash
wash and 
add dye

Once the ELISA procedure is completed, the colour change can be observed.
The scientists used samples from five different individuals and displayed the results in the table.

Sample Concentration

1 High

2 Nil

3 Low

4 Medium

5 Medium

a Identify and explain an uncontrolled factor that may have affected the results. (2 MARKS) 

b The scientists used additional samples that were known as the positive and negative control.  
These samples are not shown in the table.

 i Define the purpose of a positive and negative control. (2 MARKS)

 ii  Identify what is in each control sample and explain the predicted colour of the samples. (2 MARKS)

c Explain one way that monoclonal antibodies can be used to treat cancer in humans. (2 MARKS)

Adapted from VCAA 2012 Exam 1 Section A Q24
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C Silent mutations result in the affected codon coding for the same amino acid.
D Point mutations involve the substitution or addition of multiple nucleotides.

Question 3 

Complete the following table.

Normal DNA 5’-G-A-T-A-C-T-C-A-G-T-3’

X 5’-G-C-T-C-A-G-T-A-T-A-3’

Point mutation in DNA Y

Z 5’-G-A-T-T-A-C-T-C-A-G-T-3’

X Y Z

A Frameshift mutation 5’-G-A-T-A-C-A-C-A-G-T-3’ Block mutation

B Missense mutation 5’-G-A-T-A-C-U-C-A-G-T-3’ Frameshift mutation

C Block mutation 5’-G-A-T-A-C-A-C-A-G-T-3’ Frameshift mutation

D Nonsense mutation 5’-G-A-T-A-C-U-C-A-G-T-3’ Block mutation

Question 4 

Complete the following table.

K L M

K L M

A Diploid Polyploid Triploid

B Triploid Diploid Haploid

C Polyploid Diploid Aneuploid

D Aneuploid Polyploid Diploid

Question 5 

Fill in the blanks.

R S

R S

A Lower genetic diversity Higher genetic diversity

B Higher genetic diversity Lower genetic diversity

C Same genetic diversity Same genetic diversity

D Different species Different species
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Question 6 

Which of the following are all true about mutations?

A Mutations assist in increasing 
genetic diversity

By changing the genetic code, the 
phenotype of individuals change

Mutations in somatic cells will be 
passed down to future offspring

Mutagens cause mutations

B By changing the genetic code, the 
phenotype of individuals change

Mutagens help prevent 
mutations from occurring

Aneuploid individuals are either 
missing or have an additional 
chromosome

Missense mutations create 
STOP codons

C Mutations in germline cells 
will be passed down to future 
offspring

Missense mutations code for a 
different amino acid

Mutations assist in decreasing 
genetic diversity

Mutagens help prevent 
mutations from occurring

D Aneuploid individuals are either 
missing or have an additional 
chromosome

Mutations in germline cells 
will be passed down to future 
offspring

Missense mutations code for a 
different amino acid

Mutations assist in increasing 
genetic diversity

Question 7 

Classify the following either as point, frameshift, block, or chromosomal mutations.

I The substitution of a nucleotide for another without changing the corresponding amino acid.

II The removal of a singular nucleotide.

III The deletion of multiple codons.

IV The duplication of an entire set of chromosomes.

V The deletion of an entire gene.

VI Mutating a codon to become a stop codon early in the chain without adding or deleting any nucleotides.

VII The relocation of a gene to a different chromosome.

VIII Having an additional chromosome 21.

IX A mutation that affects the reading frame.

Point mutations Frameshift mutations Block mutations Chromosomal abnormalities

A I, II, VI, IX II, III V IV, VII, VIII

B I, II, VI II, IX III, V, VII IV, VIII

C I, II II, III, VI V, VII, IX IV, VIII

D I, II, VI II, III, IX V, VII, VIII IV

Exam-style questions

Within lesson

Question 8 (1 MARK)

Sufferers of Down syndrome are aneuploid.

This means that their cells have

A multiple extra sets of chromosomes.
B one extra set of chromosomes.
C an additional singular chromosome.
D multiple nuclei.

Adapted from VCAA 2017 Sample Section A Q24
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Question 12 (4 MARKS)

Second letter

Fi
rs

t l
et

te
r

U C A G

Third letter

U

UUU 
UUC 
UUA 
UUG

UCU 
UCC 
UCA 
UCG

UAU 
UAC 
UAA 
UAG

UGU 
UGC 
UGA 
UGG

U 
C 
A 
G

C

CUU 
CUC 
CUA 
CUG

CCU 
CCC 
CCA 
CCG

CAU 
CAC 
CAA 
CAG

CGU 
CGC 
CGA 
CGG

U 
C 
A 
G

A

AUU 
AUC 
AUA 
AUG

ACU 
ACC 
ACA 
ACG

AAU 
AAC 
AAA 
AAG

AGU 
AGC 
AGA 
AGG

U 
C 
A 
G

G

GUU 
GUC 
GUA 
GUG

GCU 
GCC 
GCA 
GCG

GAU 
GAC 
GAA 
GAG

GGU 
GGC 
GGA 
GGG

U 
C 
A 
G

Consider the following sequence of six amino acids that make up part of a polypeptide.

------ val ------ lys ------ gly ------ arg ------ val ------ leu ------

A mutation within the gene coding for this sequence of six amino acids resulted in the following six amino acids in the 
same position

------ val ------ lys ------ gly ------ arg ------ ala ------ leu ------

a Explain how a mutation caused this change in amino acid sequence. (2 MARKS)

b Explain the consequences if a nucleotide in the lys codon was removed. How would this affect the overall structure of the 
protein? (2 MARKS)

Adapted from VCAA 2018 Section A Q20 and Q21

Multiple lessons

Question 13 (1 MARK)

A repressor molecule is unable to bind to the operator region of the lac operon due to a mutation. Identify where the mutation 
could occur.

A Regulatory gene
B Promoter region
C lacZ structural gene
D lacY structural gene

Question 14 (3 MARKS)

In populations of fruit flies, there are individuals that are resistant to the effects of insecticides. Insecticide-resistant fruit flies 
arose as a result of a mutation. In normal insecticide-susceptible fruit flies, a specific section of mRNA has the corresponding 
anticodon CGA, whereas in the insecticide-resistant fruit flies, the sequence is AGA which codes for a different amino acid.

a Considering the anticodon of the insecticide-resistant fruit flies, what is the corresponding sequence of nucleotides on the 
individual’s DNA? (1 MARK)

b Identify the type of point mutation that has occurred in the fruit flies’ DNA and suggest which type of cells it occurred 
in. (2 MARKS)

Adapted from VCAA 2014 Section A Q22

phe

leu
ser

tyr

STOP
STOP

cys

STOP
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leu pro
his

gln
arg

ile thr
asn

lys

ser

arg

val ala
asp

glu
gly

met
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Question 15 (4 MARKS)

Consider the template strand of a hypothetical gene, shown. The exons are in bold type.

3’ TAC GTA CCG AAA TAC GTT CTT GAC TAT ATC 5’

The DNA triplet TAC indicates START and codes for the amino acid methionine that remains in the polypeptide. The DNA 
triplets ATC, ATT and ACT code for a STOP instruction.

a Outline the sequence of the transcribed pre-mRNA that is corresponding to the template strand. Write pre-mRNA from 5’ 
to 3’. (1 MARK)

b How many amino acids would be present in the polypeptide expressed by this gene? (1 MARK)

c An allele for this gene codes for a polypeptide with only four amino acids. This is caused by a mutation in one of the 
exons. This mutation is a result of one nucleotide change. By referring to the original sequence, identify the nucleotide 
change that must have occurred to bring about this shorter polypeptide. Justify your answer. (2 MARKS)

Adapted from VCAA 2015 Section B Q8a

Key science skills

Question 16 (6 MARKS)

Scientists are exploring the effects of different strengths of UV radiation on mice. Cancer can be caused by mutations in the 
tumour suppressor gene which is responsible for slowing the rate of cell division and repairing DNA errors to prevent tumours 
from forming. To measure the effect of each radiation level, scientists measured the number of mutations in the tumour 
suppressor gene of skin cells in each mouse.

a What are the independent and dependent variables in the experiment? (2 MARKS)

b State a hypothesis for this experiment. (1 MARK)

c What is the general term for substances, such as UV radiation, that cause mutations?  (1 MARK)

d Identify one possible uncontrolled variable in this experiment and explain the potential effect. (2 MARKS)

Adapted from VCAA 2017 Northern Hemisphere Section B Q11b
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a Define allele frequencies. (1 MARK)

b Consider the graph and maps of prairie chicken distribution.
 i  What do these results mean for the future of the Illinois birds? (2 MARKS)

 ii  The Illinois and Minnesotan populations are close to each other. Why do they have different average numbers of 
alleles per gene locus? (1 MARK)

c Measures were taken in the 1990s to prevent the prairie chicken from dying out completely.
 i  Why were the Illinois prairie chickens at greater risk of extinction compared to the prairie chickens from other 

states? (2 MARKS)

 ii  Describe one measure that could be used to increase the average number of alleles per gene locus for Illinois prairie 
chickens. (1 MARK)

d How might natural selection have prevented prairie chickens from becoming extinct when humans replaced grasslands 
with food crops? (3 MARKS)

Adapted from VCAA 2011 Exam 2 Section B Q6

Key science skills

Question 12 (9 MARKS)

Menna read that Tasmanian devils are dying much younger than they have historically, due to widespread devil facial tumour 
disease. Devil facial tumour disease is an infectious cancer spread by biting, and primarily affects adults (> 2 years old). 
It causes death within months of initial infection. 

Menna thought that it was possible that, to counter early death, Tasmanian devils may be becoming sexually mature and 
reproductively active at a younger age. She compared the age of sexual maturity of Tasmanian Devils in 1983, before the 
population was infected (n = 87:61 males:females), to the age of sexual maturity of Tasmanian Devils in 2006, after the 
population was infected (n = 21:33 males:females).

Menna found that the number of females breeding before the age of one increased from 0–12.5 % before the disease entered 
the population, to 13.3–83.3 % after the disease spread.

a What was Menna’s hypothesis? (1 MARK)

b What is meant by ‘n = 87:61 males:females’? (1 MARK)

c Identify:
 i the independent variable. (1 MARK)

 ii the dependent variable. (1 MARK)

d Name two factors that Menna should have controlled and explain how they could have affected the validity of her 
results. (4 MARKS)

e What conclusion can Menna draw from her results? (1 MARK)
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theory details

Genetic drift reduces genetic variation in a population. In the case of the bottleneck effect, 
the gene pool is reduced due to a random occurrence. As for the founder effect, only a 
small selection of the original population’s alleles are represented in the founders’ genes. 
Reducing genetic variation has two major risks: 

1 Inbreeding – this keeps harmful alleles in the gene pool.

2 Lower adaptive potential – populations affected by bottlenecks and small founding 
groups are vulnerable to new selection pressures that could challenge and potentially 
wipe out the entire population.

Once again, the effects of genetic drift are more apparent in small populations, as 
inbreeding and a lower adaptive potential can cause greater negative effects. However, 
these negative effects of chance are lessened on larger populations. For example, if a 
population is comprised of ten beetles, and a given beetle died by chance before it sexually 
reproduces, all of its genes will be lost from the gene pool. This equates to losing 10% of 
the population’s gene pool. However, if there were a population of 100 beetles and one 
died by chance, only 1% of the gene pool is lost. This demonstrates that the impacts of 
random events are reduced in large populations.

Theory summary 
Gene flow and genetic drift are processes that result in the genetic diversity of a 
population changing. Whilst genetic drift only decreases the gene pool of a population, 
the effects of gene flow can both increase and decrease genetic variation.

inbreeding sexual reproduction 
between two related individuals

11C QUESTIONS
Theory review questions

Question 1 

What are the key terms from the lesson that match the following definitions?

a ___________ migration of individuals into a population
b ___________ movement of alleles into and out of a population
c ___________ type of genetic drift where a random occurrence drastically reduces a population’s size and gene pool
d ___________ mating within a related population
e ___________ when a few individuals from a population colonise a new area of land and create a very different gene pool

Question 2 

Which of the following statements is false?

A Genetic drift occurs independently of an individual’s genetic fitness.
B Emigration increases the genetic variation in a population.
C Bottleneck effect occurs through the drastic reduction in population size, then repopulating with a limited gene pool.
D Founder effect involves a species colonising a new area of land.

Question 3 

Complete the following table.

Cause Type of genetic drift

Volcanic eruption kills the majority of a population X

Y Bottleneck effect

Small group migrates to another island Z

X Y Z

A Bottleneck effect Meteor impact Bottleneck effect

B Natural selection Flood Founder effect
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C Founder effect Cyclone Bottleneck effect

D Bottleneck effect Bushfire Founder effect

Question 4 

Complete the following table.

Event Effect on genetic variation

Bottleneck effect K

L Increase

Founder effect M

N Decrease

K L M N

A Decrease Immigration Decrease Emigration

B Increase Immigration Increase Emigration

C Decrease Emigration Decrease Immigration

D Decrease Emigration Increase Immigration

Question 5 

Complete the Venn diagram.

Bottleneck e�ect Founder e�ect

R S T

R S T

A Can occur through a natural disaster Increased genetic diversity Occurs when a population is 
drastically reduced

B Can occur through human 
intervention

Increased genetic diversity Can occur through a natural disaster

C
Occurs when a population is 
drastically reduced

Decreased genetic diversity Occurs when a founding population is 
not representative of the population 
from which they originated

D
Can occur through a natural disaster Decreased genetic diversity Occurs when a founding population 

is representative of the population 
from which they originated

Exam-style questions

Within lesson

Question 6 (1 MARK)

Consider the diagram that models changes in allele frequencies for one trait in a population over two generations. The original 
population is shown on the left.
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Time

X

If event X is a natural disaster, then the diagram models

A founder effect.
B bottleneck effect.
C gene flow.
D random mating.

Adapted from VCAA 2014 Section A Q33

Question 7 (1 MARK)

Northern elephant seals, Mirounga angustirostris, were nearly hunted to extinction in the 1890s, with only about 20 individuals 
left at the end of the century. The population has now grown to more than 120 000. In the 1890s, southern elephant seals, 
Mirounga leonina, were not as severely hunted and currently there are estimated to be 600 000 southern elephant seals.

Which of the following statements is not true?

A Southern elephant seals would have a greater genetic diversity compared to northern elephant seals.
B Northern elephant seals evolved as a result of the bottleneck effect.
C Northern elephant seals would have experienced greater genetic drift than southern elephant seals.
D Southern elephant seals evolved as a result of the bottleneck effect.

Adapted from VCAA 2015 Section A Q40

Question 8 (4 MARKS)

Populations of a particular species can experience events that alter their genetic diversity.

a Explain how the genetic diversity of a population is affected by a natural event such as gene flow. (2 MARKS)

b Identify whether the amount of gene flow increases or decreases as the distance between two populations increases. 
Justify your answer. (2 MARKS)

Multiple lessons

Question 9 (1 MARK)

Tiburon is an isolated island off the coast of Mexico. Desert bighorn sheep became extinct 
on this island hundreds of years ago. In 1975, 20 desert bighorn sheep were taken from a 
population in the American state of Arizona (shown on the map) and were re-introduced 
to Tiburon Island. By 1999, the population of desert bighorn sheep on Tiburon Island had 
risen to 650.

The allele frequency of the desert bighorn sheep on Tiburon Island was influenced by

A natural selection.
B founder effect.
C bottleneck effect.
D gene flow.

Adapted from VCAA 2016 Section A Q37
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11D QUESTIONS
Theory review questions

Question 1 

What are the key terms from the lesson that match the following definitions?

a ___________ the formation of a new species in the same geographic area
b ___________ the formation of a new species separated by a geographic barrier
c ___________ an organism that can survive
d ___________ an organism that can produce offspring
e ___________ a physical factor dividing a population
f ___________ population that can interbreed and produce viable and fertile offspring

Question 2 

Which of the following statements is false?

A Speciation is a result of different selection pressures affecting a species.
B Mutations that are involved in speciation create variation between the original and newly formed species.
C Sympatric speciation does not involve different selection pressures affecting a population.
D The process of natural selection is part of allopatric speciation due to the presence of multiple selection pressures.

A population has a greater chance of undergoing allopatric speciation if there is already a 
large amount of genetic variation prior to the appearance of the geographic barrier. This 
provides the species with a greater ability to survive the differing selection pressures 
created by their new environment.

Isolating mechanisms
Different species cannot produce fertile and viable offspring because there are 
mechanisms that inhibit reproduction from occurring normally. These can be classified as 
either pre- or post-reproductive isolating mechanisms and are listed.

Pre-reproductive isolating mechanisms

• Geographical - individuals may be too far away within or between populations.

• Ecological - individuals may inhabit different ecological niches and not interact.

• Temporal - the time of the day or year when individuals are ready to breed may differ.

• Behavioural - the type of mating behaviours, such as a mating call, of individuals 
may vary.

• Structural - the physical characteristics of individuals may drastically vary which would 
make breeding impossible. For example, a Great Dane, and a Chihuahua cannot breed 
due to their size despite both being the same species.

Post-reproductive isolating mechanisms

• Gamete mortality - the sperm may be unable to penetrate the ovum for fertilisation.

• Zygote mortality - fertilisation may occur and a zygote may be formed, however it will 
not survive.

• Hybrid sterility - a viable offspring may be formed and may survive until adulthood, 
however, this offspring will not be fertile.

Theory summary 
Allopatric speciation involves the separation of a population by a geographic barrier. 
This reproductively isolates the populations on either side of the barrier preventing gene 
flow, until enough genetic differences accumulate that the populations become distinct 
species. Remember that a species is defined as individuals that can interbreed and produce 
viable and fertile offspring.

Tip These isolating 
mechanisms are unlikely to 
be assessed but help your 
understanding of what 
prevents a viable and fertile 
offspring from forming.
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The African population is from Mozambique (MOZ), the American population is from Argentina (ARG) and the Australian 
population is from Australia (AUS).

By breeding specific individuals from different populations together, they can gather evidence on the viability and fertility of 
the offspring. The table shows the results.

Offspring Cross Viability? Fertility?

MOZ x MOZ Yes Yes

ARG x ARG Yes Yes

AUS x AUS Yes Yes

MOZ x ARG Yes Yes

MOZ x AUS No No

ARG x AUS No No

Source: Labruna et al. (2009)

a With reference to the data collected, justify whether the Australian and Argentinian populations are the same 
species. (2 MARKS)

b Outline the process of allopatric speciation in the divergence of the Australian population from the Mozambican 
population. (3 MARKS)

c Scientists conclude that the Mozambican and Argentinian populations are the same species.
 Suggest one reason why allopatric speciation may not have affected these populations. (1 MARK)
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C randomly bred individuals with each other over many generations.
D observed seemingly random changes for which they had not selected.

Exam–style questions

Within lesson

Question 6 (1 MARK)

Northern elephant seals, Mirounga angustirostris, were nearly hunted to extinction in the 1890s, with only about 20 individuals 
left at the end of the century. These seals show high aversion to humans, which is a genetically linked trait. The population has 
now grown to more than 120 000. In the 1890s, southern elephant seals, Mirounga leonina, were not as severely hunted and 
currently there are estimated to be 60 000 southern elephant seals.

Based on this information, it is reasonable to say that

A northern elephant seals have evolved as a result of the founder effect.
B humans have effectively selected for ‘aversion to humans’ in the northern elephant seal population.
C southern elephant seals would have experienced greater genetic drift than northern elephant seals.
D the mutation rate in northern elephant seals would have been greater than in southern elephant seals.

Adapted from VCAA 2015 Section A Q40

Question 7 (1 MARK)

Humans selectively bred ancient maize to produce modern corn.

Which of the following would not be a desired trait?

A High number of kernels per cob
B Soft kernel covering
C Pest resistance
D Low resistance to environmental change

Question 8 (1 MARK)

Consider the diagram that models changes in allele frequencies for one trait in a population over two generations. In the 
diagram, the original population is shown on the left.
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Aa
AA

AA aa

aaaa

Aa
Aa

Aa
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aaaa
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aa

aa

Time

X

If the diagram models selective breeding, then X is

A a mass extinction.
B genetic drift.
C selection for a desired trait.
D migration.

Adapted from VCAA 2014 Section A Q33
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2.4 billion years ago: oxygenated atmosphere

It is likely that other bacteria and archaea existed at this time. However, during the 
first two billion years of Earth’s existence the atmosphere had very little oxygen. Only 
autotrophs that could grow without oxygen were able to survive. But, by ~2.4 bya, the 
phototrophs had evolved and made the Earth’s atmosphere oxygen-rich. Higher oxygen 
levels led to:

• Establishment of a thick ozone layer in the atmosphere. The ozone layer protects 
organisms from UV radiation.

• Development of the aerobic cellular respiration metabolic pathway. This meant 
organisms could produce more ATP, be larger, and have higher-energy lifestyles.

2 billion years ago: eukaryotes

You should remember from Unit 3 that mitochondria and chloroplasts have bacterial 
origins. Scientists believe that, around two billion years ago, the free-living prokaryotic 
ancestor of mitochondria was engulfed by a larger prokaryote but not destroyed. The 
larger prokaryote provided protection for the smaller prokaryote, and the smaller 
prokaryote supplied its host with ATP. These endosymbiotic cells were the first eukaryotes 
and may have looked a bit like a modern-day protist. Later, some of the eukaryotes 
ingested phototrophic bacteria and formed a second endosymbiotic relationship. Through 
many millions of years of evolution, these ingested bacteria became more specialised in 
their functions until the aerobic bacteria evolved into mitochondria and the phototrophic 
bacteria became chloroplasts.

900 million years ago: multicellularity

Multicellularity evolved ~900 mya as colonies of cells became dependent on living 
together. Certain cells in the colony developed more specialised functions and became 
tissues, which eventually combined to form organs. We don’t know a lot about what the 
first multicellular animals looked like, as there is very little fossil evidence. They probably 
had soft, jelly-like bodies, similar to sponges or jellyfish. 

535 million years ago: the Cambrian explosion

The Cambrian explosion (~535 mya) marked a drastic increase in the number of fossils in 
the fossil record. Fossils show that life forms rapidly evolved and diversified, resulting in 
animals and plants with very strange body plans, like those in Figures 3, 4, and 5. For the 
first time, animals with hard body parts (e.g. molluscs, echinoderms, and arthropods) and 
bilateral symmetry (e.g. trilobites and fish) appeared. This includes the first vertebrates, 
which evolved from jawless fishes and likely resembled lamprey or hagfish. 

The very first fossil footprints on land were made around 500 mya by a lobster-sized 
centipede that ventured ashore occasionally. In contrast, evidence suggests that plants and 
vertebrates did not leave the ocean until around 465 and 400 mya respectively.

Image: totajila/Shutterstock.com

Figure 2 Stromatolites in Shark Bay, 
Western Australia

archaea a domain of prokaryotic 
cell that is similar in size and 
structure to bacteria, but are 
different genetically and usually 
live in extreme environments

autotroph an organism that 
makes its own food from inorganic 
substances. Phototrophs and 
chemotrophs are examples 
of autotrophs

phototroph an organism that 
uses light energy to make organic 
compounds for nutrition

endosymbiosis when one 
organism lives inside another in a 
mutually beneficial relationship

eukaryote a group of single and 
multi-celled organisms with a 
nucleus and linear strands of DNA. 
Animals, plants, fungi, and protists 
are eukaryotic

protist a single-celled eukaryote 
from the kingdom Protista. 
Examples include amoeba 
and algae

multicellular an organism that 
consists of more than one cell. 
Most multicellular organisms have 
different cells (or groups of cells) 
specialised for different functions

Cambrian a geological time period 
~535 mya during which many new 
groups of living things evolved, 
including major phyla that still 
exist today

Figure 4 Artist’s rendition of 
Anomalocaris, which were over one 
metre long and evolved during the 
Cambrian explosion

Image: Catmando/Shutterstock.com

Figure 3 Trilobite fossils
Image: Merlin74/Shutterstock.com

Figure 5 Artist’s rendition of Hallucigenia which evolved during the 
Cambrian explosion

Image: Dotted Yeti/Shutterstock.com
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230 million years ago to present: dinosaurs, mammals, and flowering plants

Once basic cell structure and successful body plans had been tried and tested, the 
evolution of the major phyla continued. The final quarter of a billion years of life on Earth 
were marked by some key events:

• 230 mya: the first dinosaurs diverge from archosaur ancestors

• 220 mya: mammals evolve from the reptile-like cynodonts

• 150 mya: the first bird, Archaeopteryx, lives in Europe

• 140 mya: the first flowering plants emerge; before now, only plants that reproduce with 
spores and cones would have existed

• 100 mya: the peak of the age of the dinosaurs

• 70 mya: grasses evolve

• 65 mya: the Cretaceous-Paleogene extinction wipes out the dinosaurs and clears the 
way for mammal adaptive radiation

• 63 mya: primates split into two groups: the haplorhines (which will evolve into apes 
and humans) and the strepsirrhines (which become lemurs and aye-ayes)

• 6 mya: the last common ancestor of humans, chimpanzees, and bonobos

• 400 000 – 200 000 years ago: Homo sapiens evolve.

Theory summary 
All living things on Earth evolved from single-celled prokaryotes that existed 3.5 bya. 
Photosynthesis was developed, then endosymbiosis led to the rise of eukaryotes. From 
here, multicellularity arose and the Cambrian explosion 530 mya marked a massive rise 
in diversity of living things. Eventually, animals and plants conquered land and, once the 
dinosaurs went extinct, mammals became widespread.

flowering plants a group of plants 
that reproduce using flowers, 
fruit, and seeds (as opposed 
to plants like moss, ferns, and 
conifers, which reproduce with 
spores or cones). Also known as 
angiosperms

Tip Many people make the 
mistake of thinking that 
fungi are plants, but this is 
actually incorrect! Evidence 
suggests that fungi are 
more closely related to 
animals than they are 
to plants. 

12A QUESTIONS
Theory review questions

Question 1 

What are the key terms from the lesson that match the following definitions?

a ___________ the key geological time period where life rapidly diversified and trilobites first emerged
b ___________ the earliest evidence of living things on Earth
c ___________ cells with a circular loop of DNA and no membrane-bound organelles
d ___________ the type of plant that emerged after plants that could reproduce with spores and cones
e ___________ single-celled eukaryotes belonging to the phylum Protista

Question 2 

Which of the following shows the correct order of events in biological history, from most ancient to most recent?

A Multicellular life evolves Eukaryotes evolve Chordates evolve Homo sapiens evolve

B Eukaryotes evolve Prokaryotes evolve Multicellular life evolves The Cambrian explosion occurs

C Prokaryotes evolve Eukaryotes evolve The Cambrian explosion occurs Simple, soft-bodied animals evolve

D Eukaryotes evolve Multicellularity evolves Mammals evolve Flowering plants evolve

VCAA commonly test the order in which particular life forms evolve (rather than specific dates). 
You should be able to explain how life has evolved from very small and simple cells into larger, 
more specialised, and complex organisms. 

Tip
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Question 3 

Identify the following organisms as prokaryotic or eukaryotic.

I Archaea

II Trilobites

III Cyanobacteria

IV Protists

V Flowering Plants

VI Bacteria

VII Fungi

Prokaryotic Eukaryotic

A I, III, IV, VI, VII II, V

B I, III, VI II, IV, V, VII

C I, III, IV, VI II, V, VII

D II, III, VI I, II, IV, V, VII

Question 4 

Which timeline correctly shows when key life forms evolved on Earth?

A

B

C

D

Question 5 

Fill in the blanks in the following sentence.

_____I_____ emerged after _____II_____ via the process of endosymbiosis, whereby first _____III_____ bacteria and then 
_____IV_____ bacteria were engulfed but not destroyed by a host cell. 

I II III IV

A Eukaryotes prokaryotes photosynthesising respiring

B Prokaryotes eukaryotes respiring photosynthesising

C Eukaryotes prokaryotes respiring photosynthesising

D Prokaryotes eukaryotes photosynthesising respiring
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Exam-style questions

Within lesson

Question 6 (1 MARK)

Different groups of living things emerged at different times in Earth’s history. Which of the following shows the correct 
placement of the organisms, in order from most recent to most ancient? 

A multicellular organisms - unicellular organisms - photosynthetic organisms - eukaryotes
B photosynthetic organisms - multicellular organisms - eukaryotes - prokaryotes
C multicellular plants - eukaryotes - photosynthetic organisms - prokaryotes 
D mammals - dinosaurs - birds - fish

Question 7 (1 MARK)

The phylogenetic tree shown represents one model of the order and approximate time of appearance of the major groups of 
living organisms and includes four groups represented by the letters R, S, T, and U. 

S
R T

first multicellular organism

oldest eukaryote fossil

origin of photosynthesis

oldest prokaryote fossil

millions of
years ago

500

0

1000
1500
2000
2500
3000

3500

U animals

Which of the following shows the correct placement of the organisms on the phylogenetic tree?

A R - prokaryotes, S - plants, T - protists, U - fungi
B R - archaea, S - fungi, T - protists, U - plants
C R - prokaryotes, S - protists, T - plants, U - fungi
D R - prokaryotes, S - protists, T - fungi, U - plants

Adapted from VCAA 2017 Section A Q32

Use the following information to answer questions 8 and 9.

The fossils pictured were found in the Burgess shale in Canada. They date back to the Cambrian explosion (510 – 570 mya).

Image: Merlin74/Shutterstock.com

Question 8 (1 MARK)

Using your understanding of Earth’s geological history, these fossils would likely be an early example of

A flowering plants.
B multicellular organisms.
C arthropods.
D prokaryotes.
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Question 9 (1 MARK)

The Cambrian explosion was an important period in Earth’s history. It is marked by

A large amounts of volcanic activity around Indonesia.
B a massive diversification in animal phyla.
C the emergence of dinosaurs.
D the first land plants and animals.

Question 10 (1 MARK)

The timeline pictured summarises the first appearance of some major groups of organisms in the evolution of life on Earth, as 
indicated by the fossil record. Four major groups are missing from the timeline and are represented by the letters P, Q, R, and S. 

Time (million years ago)
150 140 Present

S

400460

Fish

3500

Bacteria

680

Q

200

R

Insects Birds

800

Multicellular organisms

2400

P

What are the correct groups of organisms labelled P, Q, R, and S?

P Q R S

A Cyanobacteria Flowering plants Reptiles Mammals

B Cyanobacteria Protists Mammals Flowering plants

C Eukaryotes Soft-bodied vertebrates Flowering plants Primates

D Photosynthetic bacteria Corals Mammals Flowering plants

Adapted from VCAA 2018 Section A Q27

Question 11 (4 MARKS)

Fossils found in Australia include representatives from across the ages of life on Earth. The table shows some of the groups of 
fossils found in Australia and their ages.

Type of fossil Location Geological time Age

Stromatolites Arkaroola, South Australia Precambrian era 770 mya

Jellyfish Flinders Ranges, South Australia Ediacaran period 645-542 mya

Dinosaurs many places, including Queensland 
and Victoria

Jurassic and Cretaceous periods 200-65 mya

Megafauna (large marsupials and 
flightless birds)

Naracoorte, South Australia Cainozoic era 65-7000 ya

a The Cambrian period was after the Precambrian era and the Ediacaran period. Describe an organism that evolved on Earth 
during the Cambrian period. (2 MARKS)

b Some stromatolites have been dated to 3500 mya. Would these stromatolites have been formed by prokaryotic or 
eukaryotic organisms? Justify your response. (2 MARKS)

Adapted from VCAA 2017 Sample Exam Section B Q7a

Multiple lessons

Question 12 (1 MARK)

Consider the evolution of mitochondria and chloroplasts. The diagram 
represents one model of the order of appearance of these organelles 
into groups of living things.

Which of the following shows the correct placement of the organelles on 
the model?

A W - chloroplasts, Y - mitochondria
B X - chloroplasts, Z - mitochondria

Z

W

X

Y
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Image: marco3t/Shutterstock.com Image: PRILL/Shutterstock.com

Figure 2 The remains of an Ammonite (left), an ancient and widespread form of marine life, and a 
reptile-like tetrapod Seymouria (right), formed by permineralisation. The Ammonite and Seymouria 
fossils are not actually made of shell and bone, but of minerals that have hardened into rocks in the 
shape of shell and bone.

Impression fossils

Impression fossils include cast and mould fossils, although these two fossils are slightly 
different. Fossils within this category show the shape of an ancient organism, but no 
organic material is preserved. When the body of a plant or animal leaves an impression in 
soft sediment but either decomposes or is removed, this creates a mould. The resultant 
impression can then be filled with other materials and covered by sedimentary layers, 
creating a cast. Over time, this is fossilised within sedimentary rock.

Image: Lillian+Tveit/Shutterstock.com             Image: tazabreu/Shutterstock.com

Figure 3 Fossilised impressions from leaves (left) and shells (right) in sedimentary rock are examples  
of impression fossils.

Trace fossils

Trace fossils are more difficult to define. Rather than the actual body being fossilised, 
records of an organism’s biological activity are fossilised. Trace fossils can be created in 
a number of ways depending on the nature of the fossil. For instance, faeces can become 
permineralised and footprints can become moulds. Other trace fossils include burrows, 
bird nests, and stromatolites.

VCAA  particularly likes to assess the formation of stromatolites. They are formed when sediment 
gets trapped within algal mats of cyanobacteria that grow in successive layers. While this 
formation process is reminiscent of permineralised fossils, as the cyanobacteria are not preserved, 
stromatolites are considered a trace fossil. 

Tip

Mummified fossils

Mummified fossils are not typically found in sedimentary rock. They can be found  
anywhere with the conditions necessary to slow down or stop the decaying process.  
Constant humidity, cool temperatures, lack of decomposers or scavengers, low winds,  
and darkness are all factors that can reduce the rate of decay. Mummified organisms have 
been found trapped in tree sap, frozen in ice, and in dry caves.

Fossil dating 4.1.5.3

overview

Now that we have dug up all these fossils, we should probably figure out their age.  
This can be determined by analysing the atomic structure of fossils or by inferring their 
age relative to other fossils.

impression fossil a fossil formed 
when an organism is encased in 
material but decomposes or is 
removed and the gap is filled with 
another substance. Also known as 
cast and mould fossils

trace fossil fossils of objects or 
structures indicating the presence 
of organisms, rather than the 
organisms themselves (e.g. nests, 
footprints, and burrows)

mummified fossil a fossil formed 
when the body is under conditions 
that slow down or stop the 
decaying process

Figure 5 The mummified remains 
of a baby woolly mammoth, frozen 
in ice for 37 000 years

Figure 4 This fossilised tridactyl 
dinosaur footprint (top) and 
stromatolites (bottom) are 
examples of trace fossils.

Image: marco3t/Shutterstock.com
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Question 2 

Classify each of the following descriptions as either permineralised, impression, trace, or mummified fossils.

I Cycads (a type of plant) are commonly found as fossils in sedimentary rock. During the fossilisation process, the leaves decay 
completely, but a two-dimensional trace of the leaves remain. 

II Scientists have found fossil evidence of ancient rabbit scratchings and droppings.

III Well-preserved bodies of the ancient woolly mammoth have been found trapped within the ice in Siberia.

IV 300 million years ago, an organism died and was covered by sedimentary layers. The body completely decomposed, leaving 
an empty cavity which was filled with other materials. 

V ‘Sue’, the most complete fossilised skeleton of the Tyrannosaurus rex, had the organic material in the skeleton replaced with 
hard minerals. 

VI Fossilised impressions of dinosaur footprints have been found, which scientists can use to calculate weight, stride length,  
and walking speed.

VII Extremely detailed fossils showing only the skeletal structure of the ‘stickleback’ fish have been found.

VIII Small animals can become trapped in tree resin which hardens to become amber. With no access to microbial life, the trapped 
animal does not decompose and is almost perfectly preserved.

Permineralised Impression Trace Mummified

A V, VIII I, VI II, IV III, VII

B V, VII I, IV II, VI III, VIII

C IV, V I, VII II, VI III, VIII

D I, V II, VIII IV, VI III, VII

Question 3 

Which of the following statements regarding fossil dating is false? 

A Ideally, an index fossil should represent a species that existed for a short period of time.
B Carbon-14 is commonly used when calculating the absolute age of recent fossils.
C If the remains of an animal are found within the same sedimentary layer as an index fossil, then the animal’s relative age  

is similar to the absolute age of the index fossil. 
D Scientists can calculate the absolute age by only measuring the total mass of an isotope within the fossil.

Exam-style questions

Within lesson

Question 4 (1 MARK) 

Radio-isotopic dating (radiometric dating) is used to determine the age of fossils and their surrounding rocks. Which 
statement about radio-isotopic dating is true? 

A Radio-isotopic dating techniques are only reliable when dating fossils that were formed less than 50 thousand years ago. 
B Potassium is the best element to provide useful radio-isotopic evidence for calculating the age of all fossils due to its large 

half-life.
C Radio-isotope dating calculations assume that breakdown of a radioactive isotope decreases with age. 
D Radio-isotopic dating techniques can be used to compare if one fossil is older than another, by providing an estimate of 

how many years ago each fossil was formed. 

Adapted from VCAA 2017 Northern Hemisphere Section A Q34
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C D. pickeringi is an ancestor to the two stratigraphically younger fossils found at the nearby site.
D D. pickeringi is an example of an impression fossil.

Adapted from VCAA 2018 Section A Q25

Question 9 (1 MARK)

Which one of the following statements correctly explains why 50 000 years is the limit of the  radiocarbon dating method for 
determining the age of fossils?

A Carbon-14 is produced when high energy light penetrates the ozone layer. As the ozone layer was too thick over 50 000 
years ago to let this high energy light though, carbon-14 was rare.

B Fossils older than 50 000 years have accumulated too much carbon contamination from the surrounding rock and 
minerals for accurate measurements. 

C After 50 000 years, almost all carbon-14 has radioactively decayed into its breakdown products, and accurate age 
estimations cannot be made.

D The half-life of carbon-12 is short and so, by 50 000 years, there is too little carbon-12 left  to measure.

Adapted from VCAA 2017 Sample Section A Q29

Use the following information to answer Questions 10 and 11.

The image shows two thylacines (Thylacinus cynocephalus, also called Tasmanian 
tigers) at Hobart zoo in the early 1900s. Declared extinct in 1986, thylacines were 
large, dog-like marsupials. 
A fossilised carcass of a thylacine was found in a cave on the Nullarbor Plain.  
The carcass was dated to about 5 000 years old.

Question 10 (1 MARK) 

The most likely method used to date the thylacine carcass would involve

A concluding that the age of the thylacine was similar to the age of other fossils found within the cave. 
B using radiometric techniques to date the age of rocks within the cave.
C analysing how decayed the body is and comparing to known rates of decay in similar marsupials. 
D calculating the proportion of carbon-14 atoms to the products of the carbon-14 decay pathway.

Adapted from VCAA 2013 Section A Q31 

Question 11 (1 MARK)

The cave on the Nullarbor Plain hosted a stable, cool, and dry internal environment with very low levels of light. The thylacine 
carcass was found in the open, with little evidence of serious decomposition.

What type of fossil does the thylacine carcass represent? 

A Impression fossil
B Mummified organism
C Trace fossil
D Mineralised fossil

Question 12 (1 MARK) 

Potassium-40 has a half-life of 1.25 billion years. In a sedimentary layer comprised of igneous rocks, the ratio of potassium-40 
to its radioactive breakdown product, argon-40, is approximately 1:3. 

The age of the fossils in the sedimentary layer will be close to

A 2.5 billion years.
B 5 billion years.
C 1.25 million years.
D 300 million years. 

Adapted from VCAA 2015 Section A Q35
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Question 16 (2 MARKS)

One form of dating the age of a fossil is by radioactive carbon dating. The ratio of carbon-14 to nitrogen-14 ( 14C: 14N) in the 
fossil is analysed and compared with the ratio of these elements in an organism living today. 

The graph shows the rate of decay for carbon-14.

Ra
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Radioactive decay curve for 14C 

Time (half-lives)
0 1 2 3 4 5 6 7

0

0.2

0.4

0.6

0.8

1.0

1.2

A

B

C
D

E F G

Key: Point A on the graph represents the ratio 
14C to 14N found in present-day organisms.

A fossil kangaroo skull was found in a limestone cave. The skull’s  14C: 14N ratio was analysed and found to contain one-half of 
the carbon-14 of a kangaroo that died in 2012.

a Which point (A-G) represents the fossil’s 14C:14N ratio? (1 MARK)

b Given the half-life of carbon is approximately 5 730 years, what is the absolute age, in years, is the  
kangaroo skull? (1 MARK)

Adapted from VCAA 2012 Exam 2 Section B Q6a

Question 17 (6 MARKS)

Scientists studying the fossils in an ancient lake bed have an almost perfect fossil record ranging more than 25 000 years.  
In this fossil record, there are two forms of a fish called a ‘stickleback’. One form of the fish has large spines on its back (dorsal 
spines) and large pelvic bones. The other form has smaller or no spines and smaller pelvic bones. Modern-day stickleback fish 
with large dorsal spines are common in the ocean, while stickleback fish with small spines are more common in freshwater.

The table contains a summary of some structural features of the fossils found in different sediment layers in the ancient lake 
bed. Scientists are trying to gain an understanding of the evolutionary pathway of the stickleback fish.

Sediment layer Top Middle Lower

Proportion of carbon-14 relative to 
ancient surface levels (%)

50 25 6.25

Pelvis small large small

Dorsal spines small or 
absent

large small or 
absent

a The scientists want to accurately describe key time periods in the stickleback evolution. Should the scientists calculate 
the relative or absolute ages for the stickleback fossils? (1 MARK)

b The half-life of carbon-14 is approximately 6 000 years. Calculate the absolute ages of stickleback fossils within the top, 
middle, and lower sedimentary layers. (2 MARKS)

c Suggest a hypothesis that could explain the change in the structural features seen in the different  
sediment layers. (1 MARK)

d Using evidence from the scenario describe the changes in the lake environment over the past 25 000 years. (2 MARKS) 

Adapted from VCAA 2015 Section B Q10
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12C QUESTIONS
Theory review questions

Question 1  

What are the key terms from the lesson that match the following definitions? 

a ___________ a key stage in the growth of complex life which is studied in the field of developmental biology
b ___________ a fossil that shows characteristics of both recent and ancient groups of life
c ___________ the general term for large landmasses such as Pangaea and Gondwana
d ___________ the movement of landmasses over millions of years
e ___________ the study of where organisms live through time and space
f ___________ the tendency of certain organisms to be overrepresented within the known fossil record
g ___________ a piece of evidence for biological change that shows that 1) historic species looked very different to current  

 species and 2) current species evolved from ancient species, with transitional stages in between
h ___________ a piece of evidence for biological change that reveals that chordates develop in a very similar manner 

 because they share a common ancestor

Question 2  

Three main pieces of evidence for evolution have been discussed in this lesson. They are: biogeography, the fossil record,  
and developmental biology. Match each of the statements below with the piece of evidence to which it relates.

I There are Glossopteris fossils in Antarctica, Australia, New Zealand, Papua New Guinea, and South America.
II Plate tectonics help explain how continental plate movement affects geography.
III Broad groups of living things that evolved before the breakup of the supercontinent Pangaea (about 200 million 

years ago) are distributed worldwide.
IV The ancestors of the modern day horses had toes instead of hooves.
V All chordates have a notochord, tails, and pharyngeal arches during embryonic development.
VI Transitional fossils show the stages of evolution from an ancient ancestor to the extant descendants.
VII Evolutionary ancestry can be theorised by comparing structural changes in the fossil record with fossil locations 

across continents. 

Biogeography The fossil record Developmental biology

A II, III, VII I, III, VI V

B I, II, III, VII I, IV, VI, VII V

C I, II, III I, III, VI IV, V

D II, III I, IV, VI, VII V

Question 3  

Which of the following is not evidence for evolution?

A The gradual movement of tectonic plates over the Earth’s mantle.
B The presence of gill slits and pharyngeal arches in all embryonic chordates.
C Fossils of Tiktaalik that show the progression of living things from water-based habitats to land-based habitats.
D Finding the fossilised remains of a common ancestor on two isolated continents such as Australia and South America. 

Question 4 

Which of the following does not align with ideas encompassed by fossils and the fossil record? 

A The depth of a fossil can indicate its age.
B Marine mammals are more common in the fossil record than jellyfish, despite jellyfish being more abundant.
C Fossils of different ages can be found in the same sedimentary layer.
D The presence of a dorsal nerve cord in a fossil indicates the organism was a chordate.
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Key feature within stratum Depth (m)

Therapsid species 4.9

Igneous ash 5.1

Glossopteris 5.1

Therapsid species 5.3

 i  What absolute dating pathway would have been used to determine the age of the igneous ash? (1 MARK)

 ii  How can the age of the igneous ash be used to estimate the age of the Glossopteris fossil? (1 MARK)

c The absolute age of the igneous layer was dated to 251 million years old. 
 Does this support the idea that the therapsid species originated less than 251 million years ago? Explain. (2 MARKS)

Question 15 (6 MARKS)

The Lystrosaurus is an extinct genus of heavyset terrestrial organisms whose fossils can be found in sedimentary rock across 
Antarctica, India, and South Africa. A group of scientists are trying to determine the age of a Lystrosaurus fossil using K-Ar 
radiometric dating, which has a half-life of 1.3 billion years. The Lystrosaurus fossil was found in a sedimentary layer formed from 
igneous ash. The ratio of potassium-40 to argon-40 (40K:40Ar) in the strata is analysed and compared with the ratio of these 
elements in recently formed igneous rock. The 40K:40Ar ratio has been calculated at 0.87.

The graph shows the radioactive decay of potassium-40. 

1.1

1.0

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

0
0 1 2 3

ra
tio

 o
f 40

 K 
to

 40
A

r

4 5

radioactive decay of potassium-40

time (half-lives)

a What is the absolute age of the igneous rock? (2 MARKS)

b What is the approximate age of the Lystrosaurus fossil? (1 MARK)

c An unknown bivalve fossil was found in a sedimentary layer below that of the Lystrosaurus fossil. What is the age of the 
bivalve? Justify your answer. (1 MARK)

d It is unlikely that Lystrosaurus was able to swim long distances. 
 Given the age of the fossil, explain how Lystrosaurus fossils can be found on the Antarctic, Indian, and South African 

landmasses. (2 MARKS) 
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On the evolution of mammals
Most modern mammals exhibit sensory and behavioural adaptations to nocturnal activity indicating a strictly nocturnal 
period during early mammalian evolution. This is known as the ‘nocturnal bottleneck’ hypothesis. 
Researchers analysed a mammalian behavioural dataset of 2 415 species from all orders to reconstruct ancestral activity 
patterns. They found that a higher proportion of mammals are nocturnal when compared to other classes of vertebrates 
(Maor, Dayan, Ferguson-Gow, & Jones, 2013).
Additionally, most mammalian species, including strictly diurnal ones, exhibit visual adaptations similar to those found 
in nocturnal birds and reptiles. Compared with most diurnal vertebrates, mammals exhibit a reduction in colour-sensing 
photoreceptors for use in bright environments (cones), and increased levels of low light-sensing photoreceptors (rods), 
a finding reflected in mammalian genetics (Gerkema, Davies, Foster, Menaker, & Hut, 2013). There is also evidence that 
enhanced olfactory sensitivity (smell), broader range of hearing, and sophisticated whisker-based perception may have 
evolved as substitutes for insufficient visual information (Maor et al., 2013).
While ancient mammalian life was likely preyed upon by dinosaurs, the effect was not large enough to significantly 
reduce the genetic variation of mammals. Scientists think that nocturnality may have allowed mammals to avoid adverse 
interactions with diurnal dinosaurs.
Shortly after the Cretaceous-Paleogene (K-Pg) mass extinction event 65 million years ago, which triggered the extinction 
of the dinosaurs, the fossil record indicates a rapid period of placental mammalian expansion. This is known as the 
‘explosive’ model (O’Leary et al., 2013). More recent molecular analyses indicate this increase may have begun up to 20 
million years before the K-Pg extinction event, known as the ‘long-fuse’ model (Foley, Springer, & Teeling, 2016).

a Name the pattern of evolution which is commonly thought to follow a mass extinction. (1 MARK) 
b Explain why a mass extinction facilitates this pattern of evolution. (1 MARK) 
c Identify behavioural and physical evidence from the text which indicate modern mammals evolved from a nocturnal 

bottleneck. (2 MARKS) 
d Is the predation from diurnal predators likely to have caused a genetic bottleneck? Justify your response. (2 MARKS) 
e Compare the explosive and long-fused models, and whether this supports the classical view of adaptive radiation. Give 

evidence from the text to support your answer. (2 MARKS)
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Structure of a phylogenetic tree

Phylogenetic trees usually have a line at the base called the root representing the common 
ancestor. Each line on the tree is called a branch. These branches split away from each 
other at nodes, which represent a divergence between those two taxa. The end of a branch 
is called the leaf. This is where the present–day or extinct species are found, labelled with 
the species or taxa name (Figure 1).

Root 
Node

Branch

Last common ancestor of taxon X and taxon Y

taxon X

taxon Y
(closest relative to taxon X)

 taxon Z
(most distant relative to taxon X)

Leaf

Common ancestor
of taxon X, Y, and Z

Figure 1 The basic structure of a phylogenetic tree with the names of each part labelled

Reading phylogenetic trees

Phylogenetic trees can be used to determine the most closely related species to a particular 
taxon. Using the tree below (Figure 2), you can trace back from the leaf for humans to reach 
the next node (node A) which splits humans from monkeys, showing that monkeys are the 
closest relative to humans. You can trace the tree back further to the next node (node B) 
which separates humans and monkeys from dolphins and sheep, showing that humans are 
more closely related to monkeys than they are to dolphins and sheep. It’s important to note 
that the last common ancestor of humans and monkeys occurs at node A.

crocodiles

birds
snakes and lizards

marsupials

dolphins

sheep
humans

monkeys

amphibians

fish

Node ANode B

Figure 2  Phylogenetic tree of vertebrates. Node A represents the most recent divergence for humans and node B 
represents the second most recent divergence for humans.

Phylogenetic trees may include a timescale in order to show the time points of divergence 
events and adaptations. When a phylogenetic tree includes a timescale, the branch length 
represents time. You can see in Figure 3 that Ethiopian wolves diverged from dogs four 
million years ago.

black bear

gray fox

raccoon dog

bush dog
Ethiopian wolf
coyote
dog

Million years ago (mya)

12 6810 present day24

Figure 3 Phylogenetic tree of dogs and some of their relatives, including a timescale

root represents the most recent 
common ancestor for all members 
of the phylogenetic tree

branch a line on a phylogenetic 
tree that represents an 
evolutionary path

node the splitting point between 
two branches on a phylogenetic 
tree, representing a speciation 
event

taxon (pl. taxa) a term referring to 
a group of organisms (e.g. species, 
genus, family, phylum)

leaf the end of a branch that 
shows the current (or final) form 
of a species

branch length the length of 
a branch sometimes denotes 
evolutionary distance or time
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Constructing phylogenetic trees

Phylogenetic trees illustrate the relatedness between organisms. Relatedness can be 
determined in a number of ways:

• using morphological data

• molecular homology

• DNA hybridisation.

Only morphological data will be covered in this lesson. Molecular homology and DNA 
hybridisation will be covered in the next lesson.

Closely related organisms are more likely to look similar (e.g. skull structure) and behave 
in similar ways (e.g. diet, reproductive strategies). These traits must be homologous 
in order to determine relatedness. In contrast, analogous structures cannot be used to 
determine relatedness (e.g. the dorsal fin of sharks and dolphins is an analogous structure 
and does not indicate they are closely related). In the phylogenetic tree below you can see 
the evolution of characteristics within vertebrates (Figure 4).

If you focus on a lineage such as placental mammals, you can distinguish between derived 
traits and ancestral traits. Derived traits are characteristics that have evolved in your 
taxon (e.g. fur, three middle ear bones, females feed offspring with milk). Ancestral traits 
are characteristics that are found in the ancestors of your taxon and are therefore shared 
with other taxa through homology (e.g. amniotic eggs, four legs, warm–blooded).

placental mammals

birds

lizards

marsupials

sharks

invertebrates

amphibians

bony fish

jawless fish

vertebrae
jaws

bony skeleton
four legs

amniotic egg

fur

pouch

feathers

Figure 4 Phylogenetic tree showing the evolution of traits within vertebrates

Depicting uncertainties in phylogenetic trees

Often uncertainties occur when using fossil evidence, since dating techniques are not 
100% precise. These uncertainties can be expressed using phylogenetic trees in several 
ways, as shown in Figure 5.

The lack of a node between species Y and Z means that the exact divergence time is 
unknown. The break between species W and X means that W is possibly an ancestor of X 
but there is no evidence of transitional fossils between these two species to support this 
hypothesis. The branch with species S does not reach the end of the tree, indicating that it 
is extinct.

Nodes usually only split into two lineages, but sometimes they can split into three or more, 
as can be seen between species T, U, and V. This kind of uncertainty is called a polytomy. 
This means that it’s unclear which species diverged from the others first. This occurs if 
there is insufficient data or if two speciation events occurred closely together – such as 
with adaptive radiation.

derived trait a trait that has been 
acquired in the time since two 
species diverged

ancestral trait a trait that is found 
in the ancestor of a species, but 
not necessarily in the species itself

Y
W

S

Z

T

U

V

X

Figure 5 Phylogenetic tree showing 
evolution of species. This tree is 
based on fossil evidence and is full 
of uncertainties.
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Question 4 

Identify the following ancestral traits that belong in the spaces F, G, and H in the phylogenetic tree.

F G H

A Fur or hair Amniotic eggs Four limbs

B Pouch Four limbs Vertebrae

C Pouch Amniotic eggs Vertebrae

D Pouch Amniotic eggs Bony skeleton

Question 5 

Classify the following traits as either ancestral traits or derived traits of mammals.

I Hair or fur

II Bony skeleton

III Females feed offspring using milk

IV Four limbs

V Lungs

VI Three middle ear bones

VII Amniotic eggs

Ancestral trait Derived trait

A II, V, VI, VII I, III, IV

B II, IV, V, VII I, III, VI

C I, IV, V, VII II, III, VI

D II, IV, V, VI I, III, VII

Question 6 

Which of the following options contains all correct statements in regards to the phylogenetic tree shown?

A Species F went 
extinct around 
75 mya

Branch lengths 
indicate 
evolutionary 
time

Species A 
diverged from 
species B and C 
around 150 mya

Species D is 
more closely 
related to 
species F than it 
is to species C

B Species A 
diverged from 
the ancestor of 
species B and C 
around 100 mya

Species F 
diverged from 
species D and E 
around 50 mya

Species D is 
the closest 
living relative of 
species E

Species D 
and F shared 
a common 
ancestor around 
150 mya

C The split 
between species 
D and E is the 
most recent 
divergence

Species B and C 
split around 25 
mya

Species A 
– F shared 
a common 
ancestor around 
175 mya

Species B is 
the closest 
living relative of 
species C

D Branch lengths 
indicate 
evolutionary 
time

The split 
between species 
B and C is the 
most recent 
divergence

Species C is 
more closely 
related to 
species A than 
it is to species E

Species F is 
extinct

G

H

F

placental 
mammals

birds lizardsmarsupials sharksamphibians invertebrates

A

Million years ago (mya)

200 50100150 present
day

E

D

C

B

F
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Question 10 (4 MARKS)

Two possible phylogenetic relationships between eight groups of flowering plants are shown in the two diagrams.

Angiospermae

Austrobaileyales

monocots

Mesangiospermae

Chloranthales
magnoliids

Ceratophyllum

eudicots

Amborella

Nymphaeales

Angiospermae

Amborella
Nymphaeales

Austrobaileyales

Mesangiospermae

magnoliids

Chloranthales

monocots
Ceratophyllum

eudicots

a Identify two similarities between the two alternatives. (2 MARKS)

b Identify two differences between the two alternatives. (2 MARKS)

Adapted from VCAA 2011 Exam 2 Section A Q23

Multiple lessons

Question 11 (1 MARK)

The phylogenetic tree represents one model of the order 
and approximate time of appearance of the major groups of 
living organisms, and includes four groups represented by the 
letters R, S, T, and U. Which of the following shows the correct 
placement of the organisms on the phylogenetic tree?

A R – bacteria, S – protists, T – plants, U – fungi
B R – bacteria, S – protists, T – fungi, U – plants
C R – protists, S – bacteria, T – plants, U – fungi
D R – bacteria, S – plants, T – protists, U – fungi

Adapted from VCAA 2017 Section A Q32

Question 12 (1 MARK)

Consider the theory of the evolution of mitochondria and chloroplasts. Which one of the following diagrams correctly 
represents this theory?

A

green algae plants fungi animals cyanobacteria archaea

mitochondria

chloroplasts

B

chloroplasts

green algae plants fungi animals cyanobacteria archaea

mitochondria

C

green algae plants fungi animals cyanobacteria archaea

mitochondria

chloroplasts

D

green algae plants fungi animals cyanobacteria archaea

mitochondria

chloroplasts

Adapted from VCAA 2018 Northern Hemisphere Exam Section A Q23
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Question 2 

Which option contains all true statements in regards to mitochondrial DNA?

A Typically high mutation rate Maternally inherited Only found in females

B Typically high mutation rate Paternally inherited Only found in females

C Typically low mutation rate Inherited from both parents Found in males and females

D Typically high mutation rate Maternally inherited Found in males and females

Question 3 

The diagram shows a procedure of a DNA hybridisation experiment. What occurs at the stages X, Y, and Z?

Sample 1 Sample 2

X

Y

Z

X Y Z

A heating heating cooling

B heating cooling heating

C cooling heating cooling

D cooling cooling heating

Question 4 

Which of the following statements is correct in regards to species A – D in the phylogenetic tree?

A

B

C

D

A The melting temperature between DNA from species C and D would be lower than the melting temperature between 
DNA from species B and C.

B The mtDNA sequence of species B is more similar to species A than species C.
C The amino acid sequence of species A is more similar to species D than species B.
D More hydrogen bonds would form between DNA from species B and D than between DNA from species B and A.

Question 5 

Which of the following options shows the most homology to the amino acid sequence?
Met – Lys – Arg – Ala – Ala – Asn – Ser

A Met – Thr – Arg – Ala – Ala – Asn – Ser
B Met – Lys – Arg – Thr – Ala – Asn – Tyr
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Use the following information to answer Questions 10 and 11.

Samples of DNA were taken from four individuals. The samples went through a series of steps and the resulting DNA is shown.

Original 
samples

Samples 
after step X

Mixtures of
samples

Step X

Step Y - mixing of some samples and treatment of mixed samples

DNA sample 1 DNA sample 4DNA sample 3DNA sample 2

DNA sample 1 DNA sample 4DNA sample 3DNA sample 2

DNA samples 1 & 3DNA samples 1 & 2 DNA samples 3 & 4

Question 10 (1 MARK)

Using information from the diagram, which conclusion could be drawn? 

A Samples 1 and 4 are from individuals belonging to the same species. 
B Treatment at step X would have included heating each of the original samples. 
C Treatment of mixed samples at step Y would have included the addition of DNA ligase. 
D Individuals belonging to samples 3 and 4 are more closely related than individuals belonging to samples 1 and 2.

Adapted from VCAA 2013 Section A Q33

Question 11 (1 MARK)

Which of the following statements in regards to DNA samples 1 and 3 is incorrect?

A The melting temperature would be higher than the other mixtures of samples.
B More hydrogen bonds are formed between DNA from each sample compared to other mixtures.
C Hydrogen bond formation between complementary bases requires DNA polymerase.
D Half of the DNA strands would be single-stranded when the mixture is heated to its melting temperature.

Question 12 (1 MARK)

DNA hybridisation experiments were conducted using six closely related species to construct the phylogenetic tree.

Two diagrams of what DNA samples look like after DNA hybridisation are shown. Mixture 1 contains DNA of both species D 
and F. Mixture 2 contains DNA from two of the species shown in the tree. 

A

Million years ago

100 255075

E
D

C

B

F

Mixture 1
Species D and F

Mixture 2
Unknown species
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A phylogeny.
B a molecular clock.
C DNA hybridisation.
D relative dating.

Adapted from VCAA 2013 Section A Q37

Question 17 (1 MARK)

Research has shown that in a number of genes the sequence of nucleotides is unique to humans and is not found 
in chimpanzees.

Gene with sequence 
unique to humans

Functional role of gene with sequence unique to humans

HAR1 active in the brain, necessary for development of the cerebral cortex

FOXP2 facilitates formation of words by the mouth

AMY1 facilitates digestion of starch

ASPM controls brain size

LCT permits digestion of milk sugar in adulthood

HAR2 drives gene activity in the wrist and thumb during development

Using the information in the table, it is reasonable to conclude that chimpanzees

A have a similar ability to form words by mouth as humans.
B are unable to digest starch.
C are able to digest milk sugar in adulthood.
D process and remember more complex information than humans.

Adapted from VCAA 2013 Section A Q38

Question 18 (4 MARKS)

Six different snake species have been studied by scientists. Five of the species are presently found in the Amazon rainforest, 
and one extinct species was recovered from a fossil found in the Amazon. All six species belong to the genus Bothrops. 

Scientists wanted to classify the evolutionary relationships between the six species in order to construct a phylogenetic tree. 
Scientists used amino acid sequences to help classify the six snake species. 

a Describe two other pieces of evidence the scientists could use to construct a phylogenetic tree. (2 MARKS)

b Explain how amino acid sequences may be used to determine relatedness between species. (2 MARKS)

Adapted from VCAA 2017 Northern Hemisphere Exam Section B Q10c

Question 19 (8 MARKS)

The Mitochondrial Eve Hypothesis suggests that the mitochondrial DNA of all living people can be traced back to a few 
women in Africa.

a Give two reasons why mitochondrial DNA is useful for tracking human evolutionary history. (2 MARKS)

Adapted from VCAA 2011 Exam 2 Section B Q7ai

b In the table is data taken from seven sites of mtDNA that are known to identify different phylogenetic groups of humans. 
mtDNA from five modern-day humans of different backgrounds were sequenced and their sequences at these seven  
sites are shown.

Individual Site A Site B Site C Site D Site E Site F Site G

Individual 1 ATT GAC CCA TGG AAG CCC TTG

Individual 2 ATT GAC CCA TGG AAG CCT TTG

Individual 3 ATT GAG CAA TGG CAG CGC TTA

Individual 4 ATT GAG CCT TGA AAG CCC TTG

Individual 5 ATT TAG CAA TGG CAG CCC TCA
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The phylogenetic tree shows the evolutionary relationships among various cichlid fish species. It was observed that jaw shape 
varies between individuals and does not seem to be due to a common ancestor.

Lake Victoria
Cichlid species 1 (sucks plankton)
Cichlid species 2 (algae scraper)
Cichlid species 3 (insect eater)

Lake Malawi

Cichlid species 5 (sucks plankton)
Cichlid species 4 (algae scraper)

Cichlid species 6 (insect eater)

Lake Tanganyika
Cichlid species 7 (sucks plankton)

Cichlid species 9 (algae scraper)
Cichlid species 8 (insect eater)

a Explain whether or not jaw shape could be used to determine relatedness between cichlid fish species. (2 MARKS)

b Scientists hypothesise that jaw shape varies between cichlid species in the three lakes due to a master gene. Explain how 
the phylogenetic tree suggests a master gene is responsible for jaw shape variation in cichlid fish. (2 MARKS)

c Outline the function of the BMP4 gene and explain its evolutionary significance in the African cichlid fish. (3 MARKS)

Key science skills

Question 12 (7 MARKS)

Cells of the bacterium Pseudomonas fluorescens each have a flagellum that enable them to move. Scientists removed a master 
gene in P. fluorescens that controls the expression of genes responsible for the formation of the flagellum. Scientists then 
measured the movement of this new strain of P. fluorescens compared to a strain that contains the master gene.

a Identify the independent and dependent variable in this experiment. (2 MARKS)

b Removal of the master gene produced a strain of the bacterium (called Free) that did not grow flagella and was unable to 
move. Scientists placed these bacteria in the centre of 20 dishes containing a supply of food. They also placed bacteria 
containing the master gene (called Master) in the centre of another 20 dishes containing a supply of food. The results of 
the experiment are shown in the table.

Strain Day 1 Day 4

Free Only food next to bacteria was consumed Food further from bacteria was consumed.  
Almost all bacteria in dish contained flagella

Master Food further from bacteria was consumed. 
All bacteria in dish contained flagella

Unchanged from Day 1

Scientists proposed two hypotheses to explain these results:

Hypothesis 1: a mutation in another gene enabled it to function as a master gene for flagella growth.

Hypothesis 2: each of the genes involved in flagella growth mutated so that they were expressed without the presence of 
a master gene.

 i Explain which hypothesis is more likely. Justify your response. (3 MARKS)

 ii Suggest two measures that should be taken to ensure the results of this experiment are reliable. (2 MARKS)

Adapted from VCAA 2018 Northern Hemisphere Exam Section A Q17
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As you can see, many of the key structural differences between hominins and other 
primates arose due to our bipedalism. Other differences, such as the reduction in canine 
teeth size, aren’t directly related to bipedalism but are still important as evidence of other 
influences that drove our evolution – in this case, changes in hominin diet.

There are also many other non–structural differences between hominins and other taxa. 
Hominins have the ability to speak and communicate with one another, and tend to 
form large, complex societies. They also have increased cognitive abilities, meaning they 
can think about abstract concepts and create language as well as create tools and pass 
knowledge on from generation to generation. Many of these traits will be looked at in more 
detail in the next lesson as we trace the evolution of hominins more closely.

Theory summary
By understanding the characteristics of primates, hominoids, and hominins we can see 
exactly what it is that defines us as 'human'.

table 2 Summary of the defining characteristics of the taxonomic groups covered in this lesson

Classification Defining characteristics

Mammals

• Mammary glands

• Hair/fur

• Three middle ear bones

• One jawbone

Primates

• Prehensile hands and/or feet with 
five digits

• Opposable thumb/big toe

• Binocular colour 3D vision

• Social animals

Hominoids

• Broad rib cage

• No tail

• Long arms

• Y5–shaped molar teeth

• Large cranium

Hominins

• Bipedalism

• Communication and formation of complex social groups

• Structural consequences of bipedalism – centralised foramen magnum, S–shaped 
spine, broader rib cage, bowl–shaped pelvis, increased carrying angle of femur

14A QUESTIONS
Theory review questions

Question 1 

What are the key terms from the lesson that match the following definitions?

a ___________ the term used to describe individuals that walk upright
b ___________ animals that have mammary glands and fur
c ___________ the order of mammals to which humans belong
d ___________ capable of grabbing an object
e ___________ members of the taxonomic tribe to which humans belong

Question 2 

Which of the following statements is false?

A A distinctive feature of primates is an opposable digit.
B A distinctive feature of hominoids is a broad rib cage.
C A distinctive feature of hominins is prehensile hands.
D A distinctive feature of primates is colour vision.
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Multiple lessons

Question 16 (1 MARK)

Examine the following primate evolutionary tree.

Present
Loris

es

Lemurs

Tarsi
ers

New w
orld

   m
onkeys

Old w
orld

   m
onkeys

Apes
Gibbon

Apes

Gorill
a

Chim
p

Bonobo

Human

Orangutan

Present
3

6

7

14

18 mya

million years ago (mya)

25

40

50

58

63

Which of the following statements is false?

A Chimps and humans are more closely related than gorillas and chimps.
B Lorises and New World monkeys shared a common ancestor approximately 63 mya.
C Bonobos and chimps are more closely related than humans and chimps.
D Lemurs and apes are unrelated.

Adapted from VCAA 2009 Exam 2 Section A Q21

Question 17 (1 MARK)

The figure here shows the possible evolutionary relationships between 
chimpanzees and humans. The common ancestor of Homo and Chimpanzees 
is represented on the diagram at

A W.
B X.
C Y.
D Z.

Adapted from VCAA 2002 Exam 2 Q22

Key science skills

Question 18 (5 MARKS)

The table shows the number of nucleotide differences between a region of mitochondrial DNA in humans, chimpanzees, and 
tarsiers.

Human Chimpanzee Tarsier

Human 15 30

Chimpanzee 20

a Based on the data in the table, which species is most closely related to humans? (1 MARK)

b Explain how nucleotide differences can be used to determine relatedness between primate species. (2 MARKS)

c The DNA used in the tests was extracted from skeletons of the three species in the table. 
What other type of information could be obtained from the skeletons to assist in determining the relationships between 
the three species? (1 MARK)

d In an effort to further explore the relatedness between the three species, scientists used the technique of DNA 
hybridisation. They used an uncalibrated thermometer and overheated the DNA to 105°C.
What kind of error has taken place? (1 MARK)

Adapted from VCAA 2003 Exam 2 Section B Q6

Chimpanzees Homo
Paranthropus

Homo

Australopithecus
Kenyanthropus

Australopithecus
Ardipithecus
W X

Y

Z
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theory details

As you learnt in the last lesson, the term hominin refers to species that are more closely 
related to humans than to chimpanzees. Hominins are unique amongst primates in that 
they are primarily bipedal. It is thought that bipedalism evolved at least 4 mya with 
Australopithecus. Prior to Australopithecus we aren’t entirely sure how hominin species 
moved – most likely it was a combination of bipedalism and knuckle–walking.

A number of different hominin species have come and gone since they first separated from 
the chimps, however we – Homo sapiens – are the only ones left. Some hominin species 
such as Australopithecus, Homo habilis, and Homo erectus, are our direct ancestors; whilst 
species such as Homo neanderthalensis are non–ancestral and could be thought of more as 
our evolutionary 'cousins.' 

Sahelanthropus tchadensis may have been our last common ancestor with chimps  
(Figure 1), however there is not enough evidence for us to be entirely certain of this. 

Micocene Picocene Pleistocene

Homo neanderthalensis

Sahelanthropus tchadensis

Orrorin tugenensis

Ardipithecus kadabba

Ardipithecus ramidus

Australopithecus anamensis

Homo sapiens

Homo denisovans

Homo heidelbergensis

Homo erectus

Homo ergaster

Homo habilis

Paranthropus aethiopicus

Paranthropus baisei

Paranthropus robustus

Australopithecus bahrelghazali 

Australopithecus deyiremeda

Australopithecus africanus

Australopithecus garhi

Australopithecus sediba

Australopithecus afarensis

Figure 1 A family tree of hominin species showing when each species existed. VCAA tests you on patterns of 
hominin evolution from Australopithecus to Homo sapiens. 

Australopithecus the genus name 
for an ancient hominin ancestor 
from which the genus Homo 
evolved

Homo sapiens the species name 
for modern humans

Homo habilis an extinct hominin 
species that existed around 
2.3 mya

Homo erectus an extinct hominin 
species that existed around 2 mya

Homo neanderthalensis 
commonly called Neanderthals, 
they are an extinct hominin 
species that lived in cold climates 
alongside Homo sapiens with whom 
they are believed to have interbred

Sahelanthropus tchadensis  
an early hominin species that  
is thought to be the last common 
ancestor of modern humans and 
chimpanzees

Homo heidelbergensis an extinct 
hominin species that existed 
around 500 000 years ago and 
was the common ancestor of 
Neanderthals and modern humans

robust having a larger and 
stronger build

gracile having a slender or fine 
build

sexual dimorphism a difference  
in appearance between sexes 
of the same species

cranial capacity the volume of 
the braincase, usually measured in 
cubic centimetres (cc or cm3)

brow ridge a bony ridge above 
the eye sockets. It is found in all 
primates, but is greatly reduced  
in Homo sapiens

foramen magnum the hole in the 
base of the skull through which the 
spinal cord passes

arm to leg ratio the ratio of arm 
length to leg length. Tree–dwelling 
hominids have longer arms and 
shorter legs, or a larger arm to  
leg ratio

bowl–shaped pelvis the 
description of the shape of a 
Homo sapiens pelvis. Non– or 
partially–bipedal primates have 
comparatively flat pelvises

VCAA only tests you on general trends in hominin evolution from the genus Australopithecus, which 
existed around 3.6 mya. Note how Homo neanderthalensis and Homo sapiens share  
a common ancestor – Homo heidelbergensis – but aren’t directly related.

Tip

Structural changes 4.1.11.2

overview

Over time, hominins have undergone a number of structural changes, many of which are a 
direct consequence of their bipedal form of movement. 

theory details

As you’ve already seen in lesson 14A, the defining feature of hominins that distinguishes 
them from other primates is their sustained bipedal form of locomotion. A number of 
structural changes have taken place throughout hominin evolution as a result of this. 
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Question 6 

Which moments in cultural evolution are missing in the timeline?

400 000 ya
Discovery of 
fire & cooking

120 000 ya
Pigments used
for arts &
rituals

4 500 ya
Great Pyramid 
of Giza built

M N

O

2.5 mya 2 mya 1.5 mya 1 mya 0.5 mya Now

M N O

A Agriculture Cave art Religion

B Stone tools made Burials Agriculture

C Discovery of fire / fire control Clothes–making / rituals Sophisticated stone tools widely used

D Stone tools made Agriculture Complex hunting techniques

Exam–style questions

Within lesson

Question 7 (1 MARK)

The name Homo habilis means 'handy man'. Scientists have discovered members of this species buried with a number of 
different stone tools. This suggests that H. habilis

A had bigger brains than previously thought.
B had a developed culture.
C could use fire for cooking.
D used a written language. 

Adapted from VCAA 2017 Section A Q36

Question 8 (1 MARK) 

Which feature would indicate fossil bones belong to the genus Australopithecus rather than Homo?

A A less parabolic jaw
B A flatter face
C A chin
D A larger braincase

Adapted from VCAA 2017 Section B Q7a

Use the following information to answer Questions 9 and 10.

Image: 3drenderings/Shutterstock.com

Question 9 (1 MARK)

Which features of the skull shown in the diagram allow scientists to determine that this is a much earlier species of the genus 
Homo than modern humans (H. sapiens)?
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Question 14 (1 MARK)

Which of the following is not an example of how culture is passed on to other members of a species?

A Genetically
B Cave art, rituals, and ceremonial dances
C Orally
D Socially

Adapted from VCAA 2017 Exam Section B Q8c

Question 15 (1 MARK) 

Which of the following statements outlines the general trend shown by hominin fossils?

A The older the fossil, the more central the position of the foramen magnum in the skull.
B The more recent the fossil, the larger and more prognathic the jaw.
C The older the fossil, the larger the braincase that surrounds the cerebral cortex.
D The more recent the fossil, the shorter the arm to leg ratio.

Adapted from VCAA 2018 Section A Q39

Question 16 (1 MARK) 

The following image shows three views of the skeleton of a hominin species.

Image: 3drenderings/Shutterstock.com

Based on your knowledge and the information provided in the image, which one of the following is a correct statement?

A The species shown in the image has a C–shaped spine similar to ancient hominins.
B The species shown in the image has a central foramen magnum indicative of a tree–based habitat.
C The species shown in the image has a protruding jaw, similar to modern Homo sapiens.
D The species shown in the image has a funnel–shaped rib cage, similar to older Homo and Australopithecus fossils. 

Adapted from VCAA Exam 2017 Northern Hemisphere Exam Section AQ39

Question 17 (7 MARKS) 

In 2013, about 1500 fossil bones of a hominin species were found in a cave in South Africa. From these bones, scientists have 
managed to construct an almost complete skeleton. The fossil bones have some features in common with those of the genus 
Australopithecus; however, they have enough similarities to the genus Homo that scientists have classified the fossil skeleton  
as belonging to a new species, Homo naledi.

a What are two features that would classify the fossil skull in the genus Australopithecus and not the genus 
Homo? (2 MARKS)

b Scientists estimate that the fossil is approximately 2 million years old. 
 i Given this information, would you expect this species to be bipedal? Explain. (1 MARK)

 ii  Describe two features the scientists would need to find on the skeleton to prove that the species was bipedal and 
explain how these helped with bipedal locomotion. (2 MARKS)

 iii Describe two effects of bipedalism on hominin behaviour. (2 MARKS)

Adapted from VCAA 2014 Section B Q11d and VCAA 2017 Section B Q7a 

CHAPTER 14: BECOMING HUMAN544 























































15A QUESTIONS
Theory review questions

Question 1 

What are the key terms from the lesson that match the following definitions?

a ___________ a type of enzyme that synthesises polymers from monomers
b ___________ the result of a staggered cut in a DNA strand by an enzyme
c ___________ a protein that joins DNA fragments together
d ___________ a type of endonuclease
e ___________ a restriction enzyme's specific target sequence
f ___________ the result of a linear cut through DNA

Question 2 

Complete the following table.

Action Enzyme

X Restriction enzymes

Connect Y

Z Polymerase enzymes

X Y Z

A Join Endonucleases Multiply

B Cut Endonucleases Amplify

C Join Ligase Sort

D Cut Ligase Multiply

Question 3 

Classify the following restriction enzymes as either sticky-end or blunt-end restriction enzymes.

Restriction Enzyme Recognition Sequence (read in 5’ to 3’ direction)

I EcoRI G*     A     A     T      T     C

C       T      T     A     A   *G
II HaeIII G     G*      C      C

C     C*       G     G

III BamHI G *    G     A     T     C     C

C     C      T     A     G    * G

IV AluI A     G*      C      T

T     C*       G     A

V HindIII A*     A     G     C     T     T

T       T     C      G    A    *A

Sticky end 
restriction enzymes

Blunt end 
restriction enzyes

A I, II, III, IV V

B II, IV I, III, V

C I, III, V II, IV

D I, III II, IV, V
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AluI A     G*      C      T

T     C*       G     A
HaeIII G     G*      C      C

C     C*       G     G

Question 8 (1 MARK)

Consider a fragment of linear double-stranded DNA with the sequence

5’ G G C C T A T G A A G C T T G A A 3’ 

3’ C C G G A T A C T T C G A A C T T 5’

Adding HindIII to a solution containing one copy of this double-stranded DNA produces  

A two fragments of double-stranded DNA, each with blunt ends. 
B four fragments of single-stranded DNA, each with blunt ends.
C two fragments of double-stranded DNA, each with a sticky end. 
D four fragments of single-stranded DNA, each with a sticky end.

Adapted from VCAA 2013 Section A Q29

Question 9 (1 MARK)

Now consider a different length of linear double-stranded DNA with the sequence 

5’ G A A T T C G A A G G T T T A A T G G C T 3’ 

3’ C T T A A G C T T C C A A A T T A C C G A 5’

Which enzyme(s) will cut this piece of DNA?

A EcoRI only
B HindIII only
C AluI and HindIII only
D AluI, HindIII, and HaeIII only

Adapted from VCAA 2013 Section A Q30

Question 10 (3 MARKS)

Consider the following circular plasmid that has a total length of 100kbp. 
The recognition sites of five different enzymes are shown.

The plasmid was treated with restriction enzymes BamHI, HaeIII, and HindIII.

a What is the role of a restriction enzyme? (1 MARK)

b How many fragments of DNA will be produced? (1 MARK)

c What will be the respective lengths (in kbp) of these fragments? (1 MARK)

Adapted from VCAA 2018 Northern Hemisphere Exam Section A Q28

Multiple lessons

Question 11 (6 MARKS)

GloFish are fish that have undergone modifications to their genome by adding a gene encoding green fluorescent protein (GFP) 
from a fluorescent jellyfish which produces the protein in order to glow. Once this gene is part of the fish’s genome, cellular 
functions occur to produce the protein.

a Identify the process by which a complementary mRNA strand is synthesised from the DNA template strand. (1 MARK)

b Outline the steps of translation in the synthesis of GFP. (3 MARKS)

c In order to insert the gene encoding GFP into fish, it first needs to be isolated from the jellyfish genome. Identify 
the enzyme that acts as molecular scissors and is required to isolate the gene encoding GFP from the jellyfish 
genome. (1 MARK) 

BamHI
100kbpHaelll

90kbp

Alul
80kbp

EcoRI
75kbp

Hindlll
60kbp

BamHI
40kbp

EcoRI
30kbp
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a Identify the method shown in the diagram. (1 MARK)

b Outline the process of stage 1. (1 MARK)

c Name and explain why the smaller DNA strands are added to the mixture and used in stage 2 of this process. (2 MARKS)

d Stage 3 of this process must occur at a specific temperature. State this temperature and explain why it is 
required. (2 MARKS)

Multiple lessons

Question 9 (1 MARK)

The following diagram represents a DNA molecule and the positions of the recognition sites for the restriction enzymes 
BamHI, EcoRI, HaeIII, and SalI.

DNA
molecule BamHI EcoRI HaeIII EcoRI SalI EcoRI BamHI SalI

Restriction enzymes

A cut DNA fragments at specific recognition sites.
B join DNA fragments at specific recognition sites.
C amplify DNA fragments at specific recognition sites.
D duplicate DNA fragments at specific recognition sites.

Adapted from VCAA 2017 Section A Q38

Question 10 (1 MARK)

Samples of DNA were taken from four individuals. The sample went through a series of steps and the resulting DNA is shown.

Original
samples

Samples
after
step X

Mixtures
of samples

Step X

Step Y — mixing of some samples 
and treatment of mixed samples

DNA sample 1 DNA sample 4DNA sample 3DNA sample 2

DNA sample 1 DNA sample 4DNA sample 3DNA sample 2

DNA samples 3 & 4DNA samples 1 & 3DNA samples 1 & 2

The method represented is

A restriction enzymes.
B the polymerase chain reaction.
C DNA hybridisation.
D transcription.

Adapted from VCAA 2013 Section A Q33

Question 11 (8 MARKS)

In 1991, the body of a man was found frozen beneath a glacier in Italy. Researchers named him Ötzi. Ötzi is one of the oldest 
mummified hominin bodies ever found. Scientists have successfully extracted DNA from the nuclei of his frozen cells, however, 
they could only extract a small amount.

a Identify the process used to amplify DNA. (1 MARK)

b Identify and explain the purpose of one of the substances that must be added to the mixture for the amplification  
of DNA to occur. (2 MARKS)
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c Scientists had to determine which species Ötzi belonged to. To do this, they extracted three samples of DNA from the  
following species: Homo sapiens, Homo neanderthalensis, and Homo denisova.

Original 
samples

DNA sample 1
Ötzi

DNA sample 4
Homo denisova

DNA sample 3
Homo neanderthalensis

DNA sample 2
Homo sapiens

 i Identify and outline the process used to compare the relatedness of these samples of DNA.  (4 MARKS)

 ii The results of the process outlined in part ci can be seen in the diagram.

Mixtures
of samples

DNA samples
1 and 3

DNA samples
1 and 2

DNA samples
1 and 4

 From this information, identify which species Ötzi belongs to. (1 MARK)

Adapted from VCAA 2014 Section B Q11a

Key science skills

Question 12 (9 MARKS)

Mohammad and Rashida are forensic scientists investigating a crime scene. They have found a small amount of DNA and  
amplified it. The DNA amplification mixture was made up of the specific DNA segment they found, a plentiful supply of four 
nucleotide bases, Taq polymerase, and DNA primers. 

a The process to amplify DNA is a three-step process.

i Name the process to amplify DNA. (1 MARK)

ii Briefly describe the steps of this technique. (3 MARKS)

b Mohammad and Rashida completed the process separately. The table outlines the temperatures they used in each step.

Step Mohammad Rashida

1 37 °C 94 °C

2 55 °C 55 °C

3 72 °C 72 °C

 Mohammad and Rashida compared their results of their DNA amplification and only one of them was successful.

i Identify whose method was unsuccessful. Justify your response. (2 MARKS)

ii  The temperature difference occurred because of faulty calibration of the thermal cycler. Given this information,  
identify the type of measurement error that occurred. (1 MARK)

c Identify one potential factor that Mohammed and Rashida must consider when amplifying the DNA sample. (1 MARK)

d Rashida was teaching the process of PCR to Diego, an eager Year 12 student. Diego did not understand why the DNA 
primer was necessary. Explain the function of DNA primers in the mixture. (1 MARK)

CHAPTER 15: DNA mANiPulATiON580 











Question 2 

The diagram shows the results of a gel electrophoresis experiment. Which group 
of statements correctly identifies the features labelled P – S in the diagram?

P Q R S

A well lane agarose gel band

B loader lane buffer band

C well column agarose gel band

D well lane agarose gel piece

Question 3 

The following are the steps involved in setting up a gel electrophoresis experiment. Which option indicates the correct order of 
these steps?

1 DNA samples are loaded into wells in each lane of the agarose gel.

2 Bands can be cut from the gel and purified for use in further experiments.

3 Gel is submerged in buffer and an electric current is passed through the samples.

4 DNA is prepared using restriction enzymes or PCR.

5 DNA samples are loaded into bands of the agarose gel.

6 Bands are visualised under ultraviolet light.

7 DNA fragments migrate towards the positive electrode.

8 DNA fragments migrate towards the negative electrode.

A 4,1,3,8,6
B 4,1,3,7,6,2
C 5,3,7,4,6,2

D 1,3,8,4,6

Question 4 

The following diagram shows the results of a gel electrophoresis experiment. Which group of statements correctly identifies 
the features labelled V – Z in the diagram?

Y

Z

V

W

X

{
V W X Y Z

A positive electrode standard ladder negative electrode larger fragment smaller fragment

B negative electrode molecular size marker positive electrode smaller fragment larger fragment

C positive electrode molecular size marker negative electrode smaller fragment larger fragment

D negative electrode standard ladder positive electrode larger fragment smaller fragment

Q

S

P

R
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C Y
D Z

Adapted from VCAA 2018 Section A Q30

Question 8 (1 MARK)

Which of the following lanes contains the band that is closest to the positive electrode?

A W
B X
C Y

D Z

Adapted from VCAA 2018 Section A Q31

Question 9 (1 MARK)

During a fight between a number of people, one person (victim) was seriously injured. Blood samples were taken from the 
victim, the crime scene, and four suspects. DNA was extracted from white blood cells in each of the blood samples and gel 
electrophoresis of the samples was carried out. The results are shown in the following diagram.

Victim

Crime
scene

samples
Suspect

1
Suspect

2
Suspect

3
Suspect

4

The person most likely to have been at the crime scene is 

A Suspect 1.
B Suspect 2. 
C Suspect 3.

D Suspect 4.

Adapted from VCAA 2013 Section A Q28

Question 10 (7 MARKS)

There were three suspects in an assault case. A forensic scientist found blood, other than the victim’s, at the site. DNA was 
extracted from five blood samples: 

• the victim

• blood found on the victim (not the victim’s) 

• the three suspects.

Short tandem repeat (STR) sequences were used in forensic analysis. A STR of 4 bases, called D18S51, is located on 
chromosome 18. This STR has many alleles which differ from each other by the number of times the sequence AGAA  
is repeated. 
DNA from each sample was amplified using PCR and loaded into a gel and electrophoresis was performed to separate the 
fragments of DNA.

a Name two properties of DNA fragments which allow them to be separated from each other during gel 
electrophoresis. (2 MARKS)
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b The following diagram shows the gel.

1  = standard
2 =  victim
3 =  other blood
         found on victim
4, 5, 6 = suspects

loading wells

A

B

i Why is there only one band in lanes 2 and 4 but two bands in lanes 3, 5, and 6? (1 MARK)

ii How many different alleles at the D18S51 locus are represented on the gel in individuals 2 – 6? (1 MARK)

iii Which fragment of DNA, A or B, has the greater number of the 4 base repeat sequence? (1 MARK)

iv Based on the data, which of the suspects committed the assault? Justify your response. (2 MARKS)

Adapted from VCAA 2002 Exam 2 Section B Q5

Multiple lessons

Question 11 (1 MARK)

The following diagram represents a plasmid and the position of recognition sites for the 
restriction enzymes BamHI and EcoRI. 

A plasmid cut with BamHI was run using gel electrophoresis. How many bands would 
appear on the gel?

A 1
B 2
C 3

D 4

Question 12 (1 MARK)

Scientists analysed the DNA samples of three students: Greta, Yunhan, and Sophia. Two short tandem repeats (STRs) that are 
unique to each individual were investigated. Each student’s DNA was digested using a restriction enzyme. The length of each 
STR for each student is shown in the following diagram.

Greta Yunhan
length of STR

recognition sites

400 1000

Sophia
60800

50030

The DNA of each student was separated using gel electrophoresis and the positions of the STRs were observed. STRs were 
marked with a fluorescent probe and were the only visible bands in the gel. The results are shown in the following diagram of 
the electrophoresis gel.

DNA 
wells

From the results and the information provided for each student, it can be concluded that the DNA in wells 1, 2, and 3 
respectively belong to

EcoRI

BamHI

EcoRI

BamHI

10 kb
20 kb

30 kb
20 kb
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A Yunhan, Greta, and Sophia.
B Yunhan, Sophia, and Greta.
C Sophia, Yunhan, and Greta.

D Sophia, Greta, and Yunhan.

Adapted from VCAA 2018 Northern Hemisphere Exam Section A Q26

Question 13 (1 MARK)

The wheat leaf blotch pathogen, Mycosphaerella graminicola, is present in many parts of the world. The spores of the pathogen 
can be carried in the wind and on exported wheat. The  following diagrams show gels of the shared allele at a particular locus, 
termed the restriction fragment length polymorphism (RFLP), in M. graminicola populations from three locations. 

Europe Israel America Europe Israel America

In the 1980s  2015

With respect to M. graminicola, which conclusion is supported by the data?

A Genetic drift in isolated populations has allowed present-day wheat crops to become infected by M. graminicola.
B Random mutations have arisen within Europe and America that have made wheat more susceptible to M. graminicola.
C M. graminicola genetic diversity has decreased since the 1980s.

D Gene flow between populations has allowed M. graminicola to spread to other wheat populations.

Adapted from VCAA 2015 Section A Q34

Question 14 (1 MARK)

Cutting sites for a particular restriction enzyme vary in a 200 kb region of human chromosome 2. The cutting sites for allele 1 
and 2 are shown in the following diagram.

allele 1
75 kb 75 kb50 kb

=  cutting site

allele 2
90 kb 110 kb

The DNA of a person heterozygous for these alleles would have which of the following gel patterns after digestion with this 
restriction enzyme?

loading 
wells

A B C D

90
110

200

110
90
75

90
75 75

11050 50

50

Adapted from VCAA 2005 Exam 2 Section A Q18

15C QUESTIONS  589



Use the following information to answer Questions 15 and 16.

Scientists analysed DNA markers from four wallaby species. Using gel electrophoresis, they compared these DNA markers to 
DNA extracted from the remains of a common ancestor.

Electrophoresis gel of wallaby species

Wallaby species

1
(common
ancestor)

2 3 4 5

 

Question 15 (1 MARK)

Which wallaby species is most closely related to the common ancestor (Wallaby species 1)?

A Wallaby species 2
B Wallaby species 3
C Wallaby species 4

D Wallaby species 5

Adapted from VCAA 2018 Northern Hemisphere Exam Section A Q25

Question 16 (1 MARK)

Which phylogenetic tree most accurately represents the relationship between the five wallaby species?

A

1

2

3

4

5

B

1

3

2

5

4

C 3

2

5

4

1

D

1

5

3

2

4

Key science skills

Question 17 (2 MARKS)

Scientists discovered the remains of a 15 000 year old mammoth frozen beneath the ice in Siberia. Scientists extracted DNA 
from the nucleus of its frozen white blood cells.

Using gel electrophoresis, scientists discovered that there were four different blood samples on the mammoth’s fur. 
Their results were as follows:

Mammoth’s blood
taken from 

blood vessels

Blood sample 1
from mammoth’s

fur

Blood sample 2
from mammoth’s

fur

Blood sample 3
from mammoth’s

fur

Blood sample 4
from mammoth’s

fur
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a Which blood sample on the mammoth’s fur belongs to the mammoth? (1 MARK)

b Provide a possible explanation for the presence of the other blood samples on the mammoth’s fur. (1 MARK)

Adapted from VCAA 2014 Section B Q11b

Question 18  (9 MARKS)

Riku wanted to set up an experiment to test the relatedness between him and his family members by using restriction 
fragment length polymorphism (RFLP) analysis. He first used gel electrophoresis to test four samples of his own DNA taken 
from mouth swabs. Before running his DNA samples on the gel, Riku needed to amplify the amount of DNA in each of the  
four samples.

a Riku wants to obtain larger quantities of identical DNA to use in gel electrophoresis.
 i  Name the process Riku could use to amplify DNA. (1 MARK)

 ii  Describe the process Riku could use to amplify DNA. (3 MARKS)

b After amplifying the amount of DNA in each of the four samples. Riku separated out the RFLP alleles using gel 
electrophoresis. The results are shown in the following diagram.

Sample
A

Sample
B

Sample
C

Sample
D

direction
of travel

loading
wells

 Suggest a possible reason why the results for Sample 3 are different from the results for the other three samples. (1 MARK)

Adapted from VCAA 2017 Northern Hemisphere Exam Section B Q7e

c Riku obtained DNA samples from three different family members (his mother, his father, and his maternal grandfather) 
and separated out the alleles at the RFLP locus using gel electrophoresis. Riku’s own DNA is shown in Sample A. The 
results are shown.

Sample
A

Sample
B

Sample
C

Sample
D

direction
of travel

loading
wells

 Based on this data, identify which family member each of the three other DNA samples belong to. (2 MARKS)

d Riku is considering running the experiment again but with a standard ladder.

 i What is the purpose of a standard ladder in gel electrophoresis experiments? (1 MARK)

 ii Would including a standard ladder improve the results of Riku’s experiment? Justify your response.  (1 MARK)
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Question 4 

The diagram shows a typical recombinant plasmid. Which of the following statements is true?

ORI

HindIII

BamHI

human 
erythropoietin gene

ampR

(ampicillin
resistance)

lacZ
(reporter)

A The desired gene and plasmid vector were cut using the BamHI restriction enzyme.
B Bacteria containing this plasmid are able to generate human erythropoietin protein despite the gene coming from a 

different species. 
C This plasmid is considered transformed because it contains the human erythropoietin gene.
D The lacZ gene is a reporter, which means that it gives a bacteria containing this plasmid resistance to antibiotics.

Question 5 

Tommy is attempting to generate recombinant plasmids using the gene of interest, gene X, and the following plasmid vector. 
The restriction sites are labelled on the plasmid. The sequences of DNA flanking (next to) gene X are shown.

5’ flanking sequence 5’ – AGCAACGCGT – 3’

3’ flanking sequence 5’ – CACGCGTTAG – 3’

ORI

lacZ

tcl
AclI
MluI
StuI

The recognition sites for three restriction enzymes: AclI, MluI, and StuI are shown in the table. Which of the three restriction 
enzymes would Tommy use to generate a recombinant plasmid containing gene X?

Restriction enzyme Recognition site

Acll 5’. . . A A▼C G T T . . . 3’

3’ . . . T T G C
▲

A A . . . 5’

Mlul 5’ . . . A▼C G C G T . . . 3’

3’ . . . T G C G C
▲

A . . . 5’

Stul 5’. . . A G G▼C C T . . . 3’

3’ . . . T C C
▲

G G
 
A . . . 5’

A AclI
B MluI
C StuI
D None of the above
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A the efficiency of transformation of bacteria is quite low.
B untransformed bacteria are unable to grow in the presence of ampicillin.
C untransformed bacteria are only able to grow in the presence of arabinose.

D untransformed bacteria are unable to form colonies.

Adapted from VCAA 2015 Section A Q25

Question 14 (1 MARK)

Which of the following statements is correct in regards to plate Z?

A The presence of the gfp gene allows colonies to fluoresce under UV light when arabinose is present.
B Untransformed bacteria would be able to grow if arabinose was present.
C Bacterial colonies have evolved antibiotic resistance, allowing them to grow in the presence of ampicillin.

D mRNA for gfp would be absent in the bacterial colonies.

Adapted from VCAA 2015 Section A Q25

Question 15 (13 MARKS)

Chymosin is an enzyme used to manufacture cheese. Found in rennet, chymosin is traditionally 
extracted from the fourth stomach of newborn calves. Because of the difficulties in sourcing 
chymosin, scientists engineered a non-pathogenic strain of recombinant E. coli that can 
generate large quantities of chymosin in a laboratory. Currently, about 60–90 % of hard 
cheese in the USA and UK is made with genetically engineered chymosin. 
The E. coli plasmid contains recognition sites for the restriction enzymes EcoRI, HindIII, and 
BamHI, along with the gene for ampicillin resistance (ampR) and an origin of replication (ORI). 
The diagram shows the positions of these recognition sites and ampicillin-resistance gene as 
well as the position of the origin of replication within this plasmid.

a Explain what is meant by ‘non-pathogenic strain of recombinant E. coli’. (1 MARK)

b Before inserting the gene for chymosin into E. coli, scientists must amplify the section of calf DNA that codes for 
chymosin. Name the process that scientists use to amplify DNA. (1 MARK)

c Once the scientists have isolated and amplified the gene of interest, they can insert it into the plasmids. To do this,  
they use the restriction enzyme HindIII.  
Draw and label a diagram to show the position of the chymosin gene in this plasmid when HindIII is used. Include the 
position of the recognition sites for the restriction enzymes EcoRI, HindIII, and BamHI  
on the plasmid. (1 MARK)

d Next, scientists must introduce the recombinant plasmids into the non-pathogenic E. coli. To do this, they use the  
heat-shock method which involves causing a sudden temperature change that makes the cell membrane of the bacteria 
more permeable to the recombinant plasmids.  
Identify the ‘vector’ in this experiment. Justify your response. (2 MARKS)

e Not all the E. coli will take up the recombinant plasmids. To test which bacteria are transformed, the scientists set up four 
Petri dishes:

Plate A. Nutrient agar + E. coli not exposed to plasmids

Plate B. Nutrient agar + ampicillin + E. coli not exposed to plasmids

Plate C. Nutrient agar + E. coli exposed to plasmids + heat shocked

Plate D. Nutrient agar + ampicillin + E. coli exposed to plasmids + heat shocked

 The Petri dishes were incubated overnight at 37°C. The scientists found bacterial growth on plates A, C, and D but no 
growth on plate B.

 i Explain the scientists’ results for each Petri dish, including whether any results were unexpected. (4 MARKS)

 ii After incubation, which Petri dish(es) will contain only transformed bacteria? Justify your response. (2 MARKS)

 iii What is the purpose of Petri dishes A and B?  (2 MARKS)

Adapted from VCAA 2017 Section B Q9

amp

ORI

EcoRI
HindIII

BamHI

R
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table 3 Key social and ethical consequences concerning the use of gene cloning, genetic screening, and DNA 
profiling

Social consequences Ethical consequences

Gene cloning

• Will need tight regulation by government bodies as 
heritable gene therapies could have widespread negative 
impacts on a population’s fitness

• Will there be equity of access?

• An increase in population size may result in 
overpopulation

• May be considered ‘playing God’ by many groups 
and people

• Which diseases and gene therapies should be researched?

Genetic screening

• May result in genetic based discrimination from 
employers and insurance agencies

• Governments may construct a genetic database, which 
can be considered an invasion of privacy

• Requires policy regarding the selection of pregnancies

• Potential to harm foetus and mother

• Groups may object to genetic testing and associated 
pregnancy termination

• Many people may not want to know what diseases they 
will develop, or have their genome sequenced

DNA profiling
• What organisations have access to genetic data?

• Who has ownership of the genetic data?

• People may object to having their DNA sequenced

• Personal DNA data may be leaked

• The results are not always reliable

Theory summary
DNA manipulation technologies can be used to shape and manipulate our world. Gene 
cloning technologies could have a massive impact within the medical field in the future. 
Genetic screening could change the way we deal with genetic diseases. Finally, DNA 
profiling can assist in the identification of criminals and families. However, before any of 
these technologies can be accepted into our society, we must weigh up their benefits and 
dangers to ensure we integrate these technologies in the most efficient, safe, and moral 
way possible.

16A QUESTIONS
Theory review questions

Question 1 

What are the key terms from the lesson that match the following definitions?

a ___________ sections of DNA found in non-coding regions that are commonly used in DNA profiling
b ___________ these experimental processes do not take place inside an organism
c ___________ a genetically identical sequence of nucleotides or organism
d ___________ the use of DNA manipulation techniques to treat a genetic disease
e ___________ these experimental processes take place within the organism
f ___________ analysing a sequence of DNA to determine identity or parental lineage
g ___________ genetic alterations using DNA manipulation techniques
h ___________ the process of analysing the genetic makeup of an individual to determine genetic diseases

Question 2 

Which of the following is not an example of an in vivo process?

A Using viral vectors to insert a DNA fragment into nuclear DNA without first extracting cells.
B Treating a genetic disease using CRISPR techniques during in-utero embryonic development.
C Extracting bacterially synthesised proteins for use in therapies.
D Using the Cas9 protein to insert a DNA fragment into cells within an organism.

Question 3 

Which of the following statements regarding DNA technologies is false?

A DNA profiling uses viral vectors to insert foreign genes.
B Genetic screening can allow for early treatment of certain diseases.
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Exam-style questions

Within lesson

Question 6 (1 MARK) 

Advances in DNA technology have made it possible to carry out genetic screening for particular genetic diseases. Some 
people may decide not to have children based on the result of their genetic screening. This decision will

A increase the frequency of disease-causing alleles and will, therefore, have an impact on future human evolution.  
B have no impact on future human evolution since there are no new selection pressures. 
C alter the structure of particular alleles and, therefore, have an impact on future human evolution. 
D decrease the genetic variation within the human population and will, therefore, have an impact on future human evolution. 

Adapted from VCAA 2015 Section A Q39

Question 7 (1 MARK) 

Defective alleles may result in genetic defects. 

The replacement of a defective allele with a normal allele is called

A genetic engineering.
B DNA profiling. 
C CRISPR.
D gene therapy. 

Adapted from VCAA 2011 Exam 2 Section A Q3 

Question 8 (1 MARK) 

The main purpose of screening programs for newborn babies is to

A identify the risks of certain diseases and enable early treatment.
B record and document complete genetic screenings for all babies born in Australia.
C splice out malfunctioning DNA and replace it with healthy genotypes.
D allow parents to make informed choices to continue with a pregnancy.

Adapted from VCAA 2018 Northern Hemisphere Exam Section A Q34

Use the following information to answer Questions 9 and 10.

Sufferers of the disease cystic fibrosis (CF) produce thick, sticky mucus in their airways. Scientists are trialling a gene transfer 
technique to introduce the normal allele for the gene (CFTR) into some CF diseased airway cells. The normal allele for the gene 
is introduced into the airway cells in delivery particles that have been built using highly modified components of the HIV-1 
(AIDS) virus.

Question 9 (1 MARK)

Scientists are using the modified HIV-1 virus because

A viruses readily accept foreign DNA into their nuclei.
B viral DNA can insert itself into a host’s nuclear DNA.
C HIV positive individuals are immune to cystic fibrosis.
D the HIV-1 virus will express the healthy CFTR gene once inside the cell.

Question 10 (1 MARK)

In this example of gene therapy, the treatment is successful if the

A patient is infected with the HIV-1 virus.
B HIV-1 virus does not trigger an immune response.
C viral DNA is inserted into the nuclear DNA of the host.
D airway cells begin expressing the normal CFTR gene.

Adapted from VCAA 2012 Exam 2 Section A Q9
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A Individual 1 could be the mother of Individual 2.
B The parents of Individual 3 could be Individual 1 and Individual 2.
C Individual 5 could be the child of Individual 2 and Individual 4. 
D The parents of Individual 2 could be Individual 4 and Individual 5.

Adapted from VCAA 2017 Section A Q39

Question 15 (3 MARKS) 

Citrus greening is a disease that affects citrus trees, such as orange trees. The disease is caused by the bacterium Candidatus 
Liberibacter asiaticus. These bacteria are transferred to the trees when insects called psyllids feed on the sap in the leaves. 
The bacteria live in the plants’ nutrient-conducting tissues (phloem) causing the slow death of the trees. 

A solution to this disease uses a gene from a spinach plant, which codes for a defensins protein. The defensins protein binds to 
and punches holes in the bacteria, breaking them apart.

Genetic engineers have inserted the defensins gene into a viral vector. The viral vector is a modified form of a virus that 
normally infects citrus trees. The genetically engineered viral vectors were placed in many orange trees through small incisions 
in the trees’ bark. After several years growth, all of the treated trees were very healthy while all of the untreated trees nearby 
were affected by citrus greening. 

a Explain how the viral vector has been used to promote resistance to citrus greening in treated trees. (2 MARKS)

b Resistance to citrus greening can be seen in the offspring of individuals treated with the viral vector. Identify one ethical 
concern scientists may have regarding this treatment. (1 MARK)

Adapted from VCAA 2018 Northern Hemisphere Exam Section A Q39

Multiple lessons

Question 16 (1 MARK) 

The steps taken to produce genetically engineered insulin are in the wrong order.

1 Using filters, locate and identify transformed bacteria

2 Make the gene which encodes for the production of human insulin 

3 Cut the plasmid using restriction enzymes or Cas9 

4 Determine the amino acid sequence of human insulin

5 Expose bacteria to the recombinant plasmids 

6 Extract and isolate insulin from human cells 

7 Devise a relevant nucleotide sequence using the amino acid sequence

8 Culture transformed bacteria; harvest and purify the insulin 

9 Insert constructed gene into cut plasmids

The correct sequence of steps when producing insulin is 

A 7, 2, 3, 4, 9, 5, 1, 8, 6.
B 2, 3, 9, 5, 1, 8, 6, 4, 7.
C 6, 4, 7, 2, 5, 9, 3, 1, 8.
D 6, 4, 7, 2, 3, 9, 5, 1, 8.

Adapted from VCAA 2013 Section A Q34

Question 17 (1 MARK) 

Bacteria are used in gene cloning because they

A can accept and replicate foreign plasmids in a short period of time. 
B can insert their DNA into the host's nuclear genome. 
C replicate and evolve quickly. 
D readily infect living organisms. 

Adapted from VCAA 2015 Section A Q25
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How we use GMOs 4.2.6.2

overview

Currently, there are over 26 GM crops that are commercially grown worldwide.  
The following table shows some of the major GM crops.

Table 1 The most widely used GM crops worldwide

GM Crop Introduced traits Hectares grown worldwide in 2017

Soybean • herbicide tolerance

• increased oleic acid

94.1 million

Maize • herbicide tolerance

• insect resistance

• increased lysine

• drought tolerance

59.7 million

Cotton • herbicide tolerance

• insect resistance

24.1 million

Canola • herbicide tolerance

• high laurate

10.2 million

Tomato • delayed ripening

• salt tolerance

< 1 million

Rice • increased beta-carotene < 1 million

Papaya • virus resistance < 1 million

Potato • virus resistance

• reduced asparagine

< 1 million

Adapted from The International Service for the Acquisition of Agri-biotech Applications [ISAAA], 2017

theory details

The use of GMOs in agriculture has increased dramatically since the first GM crop, 
Flavr Savr tomatoes, was put on the market in 1994. In 1996, GM crops took up only 1.7 
million hectares of land area worldwide. By 2017, this figure had increased to 189.8 million 
hectares. In this section we will look at some of the major genetic modifications to crops.

Bt crops

Bacillus thuringiensis (Bt) is a bacterium that produces protein crystals that are toxic to 
many insect species that affect crop plants but are not toxic to humans. If ingested, the 
toxin activates in the insect’s intestines, causing it to die within a couple of days. Scientists 
have cloned the crystal toxin genes from Bt and introduced them into crops, allowing the 
plants to produce their own Bt toxin. This modification creates transgenic plants that 
have insect resistance. These toxins are activated once they are ingested by insects, which 
stop feeding on the plant within a few hours. Plant species such as canola, cotton, maize, 
tobacco, rice, and eggplant are modified to contain Bt toxins.

Golden rice

Golden rice was developed in response to vitamin A deficiency, which is a major cause 
of preventable blindness in children. Vitamin A deficiency is particularly prevalent in 
developing countries that don’t have good access to expensive vitamin A-rich foods such 
as eggs, dairy, and liver. Rice is a staple food in many of these countries, which inspired 
scientists to develop a strain of rice with increased vitamin A content to provide people 
with an easily accessible source of vitamin A. 

Golden rice was developed by inserting two genes into its genome: the PSY gene from  
a daffodil (Narcissus pseudonarcissus) and the CRTI gene from a soil bacterium (Pantoea 
ananatis). These genes cause the rice to store beta-carotene, a precursor of vitamin A,  
in the rice grains rather than in the leaves as normal rice would. This results in rice  
with a higher beta-carotene content, giving them their distinct yellow colour. Since  
the two genes inserted into the rice genome come from different species, golden rice  
is considered transgenic.

insect resistance a trait that gives 
plants extra chemical defences 
that kill attacking insects

Figure 4 Golden rice compared  
to regular rice
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Roundup Ready

Roundup Ready plants were developed in 2003 to give agricultural crops herbicide 
tolerance. Roundup Ready crops contain a gene from a bacterium (Ochrobactrum anthropic) 
that gives them tolerance to the chemical glyphosate, which is the active ingredient in the 
herbicide called Roundup. Farmers can spray their crops with Roundup to kill weeds, but 
their GM Roundup Ready crops remain unharmed. 

Herbicide tolerance with Roundup Ready is widely used in soybeans, maize, canola, sugar 
beetroot, cotton, and alfalfa. Since the gene inserted into Roundup Ready crops comes 
from a different species, they are considered transgenic.

Issues surrounding GMOs 4.2.6.3

overview

Like with many new technologies, GMOs have been criticised due to various biological, 
social, and ethical implications.

theory details

Tomato paste made with genetically modified Flavr Savr tomatoes appeared on the market 
in 1996. It initially outsold non-GM paste due to its lower price; reduced processing 
costs made GM tomato paste 20% cheaper. In 1998, sales dropped dramatically after 
perceptions of GM foods began to turn negative, largely due to a television broadcast 
involving Dr. Arpad Pusztai. He claimed that feeding GM potatoes to lab rats caused major 
negative health effects. Although his claims were later disproven before a committee, the 
negative public perceptions towards GM foods still remain. Whilst there are many serious 
biological and social consequences of using GM crops, this example illustrates that there 
are also many misconceptions regarding GMOs that have shaped the public’s view.

Now you will take a look at the three GMOs that were discussed in the previous section 
and look at their biological, social, and ethical implications in detail.

Bt crops

PROS

Bt crops contain a genetic modification that confers resistance to insect pests, the main 
pest in Australia being the cotton bollworm (Helicoverpa armigera). In Australia, GM 
cotton requires only 15% of the insecticides needed for non-GM cotton, reducing costs  
for farmers. Fewer pesticides also means less damage to ecosystems and non-target  
species such as ladybugs and spiders. Bt cotton leads to higher crop yields due to less 
predation from pests. 

CONS

A major problem with Bt cotton is that it has become less effective since its introduction 
due to increased resistance among Helicoverpa populations. There are also other pest 
species that are not affected by Bt toxin which may actually increase in number due 
to fewer insecticides being sprayed over Bt crops. In Australia, cotton is picked using 
machines but in India it is picked by hand, where some workers have developed skin 
allergies, which they believe are due to the Bt proteins. Additionally, it is illegal for farmers 
to keep Bt cotton seeds to use in the next season as the seeds are declared the legal 
property of the biotechnology company that made them. As a result, farmers must buy 
new seed each year, which may cost more than the money saved by using them. 

Table 2 Summary of the biological, social, and ethical implications of Bt crops

Explanation

Biological implications • Requires less pesticide use, which is better for the environment
• Less damage to ecosystems and non-target species
• Higher crop yields
• Pest species have evolved resistance
• Pests unaffected by Bt may thrive
• Cross-pollination between GM and non-GM crops

Social implications • Requires less pesticide use which saves farmers money
• Workers may develop skin allergies
• Farmers must buy expensive seeds each season

Ethical implications • Farmers have fewer rights since they don’t own the seed

Tip VCAA exams do not 
test your memory of facts 
relating to the examples 
given, these are just 
examples that are 
commonly used in exams. 
VCAA typically gives their 
own explanation of a GM 
crop and then tests your 
understanding of:

• whether the crop is  
transgenic or not.

• why was this GM crop 
developed? What issue 
is it addressing?

• biological, social, and 
ethical implications of 
the GM crop.

herbicide tolerance a trait that 
increases a plant’s resistance to 
chemicals typically toxic to plants

GM food genetically modified 
crops that are used for human  
or animal consumption

biological implications  
consequences that affect 
ecosystems, environments, or 
public health

social implications consequences 
that affect economics, politics, 
or society

ethical implications  
considerations based on moral or 
religious beliefs
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Golden rice

PROS

Golden rice has increased beta-carotene content, which may help people in developing 
countries avoid vitamin A deficiency. Less vitamin A deficiency means fewer incidences  
of preventable blindness and fewer deaths, resulting in increased socioeconomic levels  
and public morale. Golden rice seeds can even be kept and replanted the next season, 
making it significantly cheaper than other GM seeds. Trials of golden rice have also shown 
that it is safe to eat. It has also been shown that cross-pollination between GM rice and 
non-GM rice is unlikely as rice plants predominantly self-pollinate. 

CONS

Some groups are worried that widespread use of golden rice could reduce crop 
biodiversity. In terms of GM crops, golden rice has received little backlash from the public.

Table 3 Summary of the biological, social, and ethical implications of golden rice

Explanation

Biological implications • Improves health

• Reduced incidence of blindness

• Fewer deaths

• Widespread use could reduce crop biodiversity

Social implications • Fewer deaths results in improved socioeconomic levels

• Farmers may save rice for next harvest, increasing profits

Ethical implications • There are many misconceptions about the safety of eating golden rice and 
some people choose not to eat them

Roundup Ready

PROS

Roundup Ready plants are glyphosate-tolerant. This means that glyphosate, the active 
ingredient in Roundup herbicide, may be sprayed over farmers’ crops to kill weeds without 
killing the crop. Doing this means less manual labour is required to remove weeds, which 
saves on labour costs. Furthermore, weeding loosens the soil and increases runoff when  
it rains, which can pollute nearby water systems. Widespread use of glyphosate could also 
be beneficial since it is less toxic to wildlife than other herbicides.

CONS

A major issue with Roundup Ready is that many weeds, termed ‘superweeds’, have 
developed resistance to glyphosate, making the Roundup herbicide ineffective. To 
combat this, GM crops containing tolerance to multiple different herbicides are used 
in combination with a cocktail of herbicides. Some people are concerned that Roundup 
Ready crops could pass on the herbicide tolerance trait to weeds. While this is somewhat 
plausible for some plants such as canola, most crops are not sexually compatible with 
weeds. Cross-pollination between Roundup Ready crops and nearby non-GM crops  
is possible though, and can result in the non-GM farmer being sued since they do not  
own the rights to grow that GM crop.

Table 4 Summary of the biological, social, and ethical implications of Roundup Ready

Explanation

Biological implications • Reduces soil runoff

• Less toxic than other herbicides

• Evolution of “superweeds” makes it less effective

• Cross-pollination between GM and non-GM crops

Social implications • Requires less labour

• Farmers must buy expensive seeds each season

Ethical implications • Some people consider charging farmers in poorer countries for expensive 
GM seeds each year is unethical
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Field trials

In Australia, only two GM crops have been approved for cultivation: Bt canola and Bt 
cotton. For a GM crop to be approved, it must first go through rigorous testing and field 
trials before it can be approved by the Office of the Gene Technology Regulator (OGTR), 
which approves all GMOs in Australia. 

Field trials are vital as they assess:

• the effects of GM crops on wildlife such as pests and non-target insects

• the effects of GM crops on nearby non-GM crops

• how well a GM crop actually grows in an agricultural setting.

Field trials are an important step in the process of ensuring the safety, ecological impact, 
and public trust in Australian-grown GM crops.

Theory summary
One of the most important uses of GMOs is in agriculture, where traits such as insect 
resistance and herbicide tolerance are introduced into crops to benefit people. The use  
of GMOs in agriculture has many biological, social, and ethical implications that must  
be weighed against each other to decide if a GMO is worth using or not.

Table 5 Summary of some of the biological, social, and ethical implications of GMOs

Explanation

Biological 
implications

PROS

• GM crops usually have better crop productivity than non-GM crops. This means that more food can be grown using less land, 
reducing habitat loss due to land clearing

• Insect-resistant GM plants require fewer pesticides, which is better for the environment

• GM foods can be made to have improved nutritional content, improving the health of individuals

CONS

• GM crops may lose their effectiveness if weeds or pests evolve resistance

• Widespread use of GM crops could result in loss of genetic diversity within crop populations

• Cross-pollination between GM crops and wild species or weeds may cause genes to spread

Social 
implications

PROS

• Increased crop productivity means more food can be produced, leading to better food security

• Crops that are able to grow in more adverse conditions (e.g. drought-tolerant corn) protect against famine, improving 
food security

• Herbicide-tolerant crops reduce labour demands as farmers don’t need to pull weeds by hand

• Increased crop yields result in larger profits for farmers

• GM foods can be made to have improved flavour and texture, giving consumers a more appealing product

• GM foods can be made to have improved nutritional content. This leads to reduction in nutritional deficiencies, creating 
healthier populations

CONS

• Having to buy new seeds each season may be costly for farmers

• Complex legal issues surrounding the use of GM products may cause farmers stress

Ethical 
implications

PROS

• Some people believe that not using a technology such as genetic modification to improve agriculture and ultimately peoples’ 
lives is wrong

CONS

• Some people consider GMOs to be unnatural, or like we are ‘playing God’

• Some people believe that GM foods are unsafe to eat and choose not to eat them as a result

• Some people believe that genetically modifying animals for human benefit is inhumane — many anti-animal GMO arguments 
apply to animal agriculture in general

• The fact that companies can own the rights to GM crops is considered by some to be unethical due to companies making 
unfair demands of farmers

 – Cross-pollination of non-GM crops by nearby GM crops could result in the non-GM farmer being sued  
by the patent-owner

 – Farmers can’t reuse seeds from some GM crops and must buy new expensive seed each year from biotechnology companies

Tip VCAA exams do not 
expect you to memorise 
implications for specific 
GM crops, but they do 
expect you to use common 
sense to suggest 
implications based on a 
scenario. Therefore, it 
would help to know some 
implications that apply 
generally to most GM crops 
and also to practice 
thinking of logical 
implications for GM crops 
not discussed in this book.
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16B QUESTIONS
Theory review questions

Question 1 

What are the key terms from the lesson that match the following definitions?

a ___________ crops used for human and animal consumption that have been genetically modified
b ___________ implications of GM foods that relate to individuals’ personal beliefs
c ___________ an organism whose DNA has been altered using gene technology
d ___________ implications of GM foods that affect society, politics, and economics
e ___________ an organism that has had DNA inserted from a different species using genetic engineering technology
f ___________ implications of GM foods that have environmental or health consequences

Question 2 

What belongs in the spaces X, Y, and Z in the table?

Product name Introduced trait Transgenic?

GM salmon Grows faster Yes

Bt cotton X Yes

Golden rice Improved beta-carotene Z

Roundup Ready corn Y Yes

X Y Z

A Herbicide tolerance Insect resistance Yes

B Insect resistance Herbicide tolerance Yes

C Herbicide tolerance Insect resistance No

D Insect resistance Herbicide tolerance No

Question 3 

The diagram shows four implications of herbicide-tolerant GM foods. What type of implications do K, L, and M represent?

Some people believe that 
crops should be as natural 
as possible, meaning 
no GMOs

K

Patent-owners may charge 
too much for GM seeds, 
potentially a�ecting 
farmers’ expenses

L

Foods containing GMOs 
should be labelled to give 
consumers the right to 
choose

M

There is potential for 
cross-pollination between 
GM and wild crops

Biological implication

Herbicide tolerance

K L M

A Biological implication Social implication Ethical implication

B Ethical implication Ethical implication Social implication

C Ethical implication Social implication Ethical implication

D Biological implication Ethical implication Social implication
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Question 4 

Classify each of the following statements as either non-GMO, GMO, or TGO in the table. 

NOTE: The GMO column excludes TGOs.

I A gene is removed from the genome 

II A single nucleotide base is changed from a guanine to a thymine

III A gene from a different species is inserted into the genome

IV An allele from a different individual of the same species is inserted into the genome

V The organism is crossed with a closely related species to produce hybrid offspring

VI A gene in the organism is silenced

VII A vaccine containing an attenuated virus is injected into a patient, causing their immune system to give them resistance

VIII Scientists design a vector that inserts DNA from a different species into the genome of germ cells

IX Selective breeding is used to increase the frequency of a trait in a population

non-GMO GMO TGO

A V, VII, IX I, II, IV, VI III, VIII

B IX I, II, VI III, IV, V, VII, VIII

C IX I, V, VIII II, III, IV, VI, VII

D V, VI, IX I, II, III, IV VII, VIII

Question 5 

Which of the following options contains all correct statements about golden rice?

A It is a transgenic 
organism

It is a good source of 
vitamin A

An ethical implication is 
that it improves nutrition by 
increasing vitamin A intake

A social implication is that 
farmers must buy new 
seeds each year, which can 
be expensive

B It is not a transgenic 
organism

It is an accessible 
source of vitamin A

A social implication is that 
farmers can save rice to be 
used in the next harvest

The genes inserted into 
golden rice occur in other 
species naturally, therefore 
it is not transgenic

C It is a transgenic 
organism

It contains high 
levels of beta-
carotene

The PSY gene from daffodil 
is considered a transgene 
when inserted into golden 
rice

A biological implication 
is that its large-scale 
adoption may pose a threat 
to crop biodiversity

D It is not a transgenic 
organism

It is an accessible 
source of vitamin A

A biological implication 
is that herbicide resistant 
genes may spread to weeds

An ethical implication is 
that creating GM foods is 
‘tampering with nature’

Exam-style questions

Within lesson

Question 6 (1 MARK)

All genetically modified organisms

A contain at least some genetic material obtained from another species.
B produce at least some mRNA that is not naturally produced in that species.
C have at least one gene that is removed or silenced.
D have at least one section of their DNA that has been altered by scientists.

Adapted from VCAA 2018 Northern Hemisphere Exam Section A Q31
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Question 7 (1 MARK)

All transgenic organisms

A contain at least some genetic material obtained from another species.
B have at least one gene that is removed or prevented from being transcribed.
C contain a gene from another species that gives them herbicide tolerance.
D have at least one gene that is silenced by genetic material obtained from another species.

Adapted from VCAA 2018 Northern Hemisphere Exam Section A Q31

Question 8 (1 MARK)

Some people object to the use of GM animals on the grounds that the animals are genetically modified for human benefit  
and not for the animal’s benefit. This would be an example of

A a biological implication.
B an ethical implication.
C a social implication.
D a legal implication.

Use the following information to answer Questions 9 and 10.

Cotton is an Australian crop grown for its fibres that may be spun to produce clothing, towels, and other fabrics. Due to the 
large number of insect pests that feed on cotton, particularly the cotton bollworm, insecticides must be extensively used in 
its production. These insecticides harm non-pest insect species, are expensive, and may have effects on human health too. 
A solution to this is Bt cotton, a strain of cotton that contains two genes from the soil bacterium Bacillus thuringiensis. These 
genes encode proteins that disrupt the digestive system of the cotton bollworm. If a cotton bollworm eats part of a Bt cotton 
plant, these proteins will enter its gut and kill it. 

Question 9 (1 MARK)

Which of the following statements regarding Bt cotton is false?

A Bt cotton is transgenic because it contains genes from a bacterium.
B Bt cotton requires less pesticide use than regular cotton.
C Yields from Bt cotton crops will be lower than regular cotton due to the B. thuringiensis genes having a negative effect  

on plant growth.
D The proteins encoded by the B. thuringiensis genes are harmful to cotton bollworms.

Question 10 (1 MARK)

The role of the inserted genes from B. thuringiensis are to

A improve the fibre density of cotton.
B give Bt cotton resistance to insecticides that are routinely used.
C kill cotton bollworms that ingest Bt cotton.
D stimulate the plant’s immune system to help fight off cotton bollworms.

Use the following information to answer Questions 11 and 12.

The Anopheles genus of mosquito are vectors for the malaria parasite Plasmodium. In an attempt to reduce the spread of 
malaria, researchers in the lab have developed sterile male Anopheles that are unable to produce sperm. These mosquitoes 
were created by using CRISPR technology to remove a gene that is vital for sperm development. Female Anopheles only mate 
once, so mating with these sterile males would result in that female producing no offspring.

Question 11 (1 MARK)

Which of the following statements is true?

A The lab strain of Anopheles is not transgenic since no foreign DNA has been introduced.
B The Anopheles male mosquitoes developed in the lab are transgenic since they contain DNA from another species.
C The removal of the gene in lab Anopheles does not count as genetic modification since the fitness of the mosquito  

is not improved.
D The Anopheles strain developed in the lab is considered transgenic since its genome has been altered.
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Question 12 (1 MARK)

A likely biological implication of introducing sterile male Anopheles into the wild is that

A the wild Anopheles population would decrease due to non-viable matings between wild females and sterile males.
B the introduced DNA in the sterile males could spread to other Anopheles species.
C wild Anopheles may inherit the gene that makes males sterile resulting in extinction of the species.
D the spread of malaria will decrease due to the introduced gene found in the sterile male mosquitoes.

Question 13 (6 MARKS)

Should we grow GM crops? 

by Mary Nguyen

More than 25 years after genetically modified (GM) food first appeared, growing GM crops remains a hotly debated topic. 
Some people argue that GM crops are the only way to feed the growing world population and to minimise environmental 
harm. Other people express different views. 

Bt cotton is a type of cotton that contains two genes from a soil bacterium, Bacillus thuringiensis, enabling it to produce 
insect-resistant proteins. Australian farmers of Bt cotton use only 15% of the quantity of the insecticide that was once 
needed to protect their cotton crops. However, Bt cotton is not as resistant to the main insect pest of cotton crops, Heli-
coverpa, as it has been in the past. 

In Australia, Bt cotton is picked by machine, but in India, it is picked by hand. Workers in India have developed skin aller-
gies, which have been attributed to Bt cotton proteins. 

Traditionally, farmers have saved money by keeping seed from one year’s crop to plant the following year. However,  
it is illegal for farmers to keep Bt cotton seeds because these seeds have been declared the legal property of the company 
Monsanto. Every year, cotton farmers must buy more seeds from Monsanto. 

Unlike Monsanto, the company that produces the GM food crop Golden Rice allows farmers to replant the rice they 
harvested the previous year. By inserting a gene from the bacteria Erwinia uredovora and another from a daffodil, Narcis-
sus pseudonarcissus, into white rice, scientists produced Golden Rice – a rice variety containing higher levels of vitamin A. 
People who eat Golden Rice avoid vitamin A deficiency. Trials conducted in several countries have shown that Golden Rice 
is safe to eat.

Source: CSIRO, Paine et al. (2005), & Coghlan (2018), as cited by VCAA 2018 Section B Q10.

a People have different views when it comes to GM foods. State one ethical implication of GM foods. (1 MARK)

b Explain how planting golden rice can lead to improved public health in poorer countries. (1 MARK)

c Using information from the article:
 i Describe one biological implication that supports the use of golden rice. (1 MARK)

 ii Describe one social implication that supports the use of golden rice. (1 MARK)

 iii Describe one biological implication that supports the use of Bt cotton. (1 MARK)

 iv Describe one biological implication that opposes the use of Bt cotton. (1 MARK)

Adapted from VCAA 2018 Section B Q10

Multiple lessons

Question 14 (6 MARKS)

Coral reefs are found in oceans around the world. Corals are animals that build up calcium carbonate skeletons. 
Single-celled algae live within the coral tissues. Queensland scientists have reported that many of the corals in a region of the 
Great Barrier Reef have recently become bleached. Bleaching occurs when the single-celled algae leave the coral tissues due to 
environmental changes. Corals turn white without the algae and may die. This bleaching has been attributed to an increase  
in water temperature and acidity.

Two approaches have been proposed to help reverse the bleaching occurring in the coral reefs.

a  Approach 1 
 Scientists introduce a particular gene from bacteria that survive in highly acidic sulfur pits into the algae. Particular corals  

with modified algae are then reintroduced into the coral reef. 
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 i Explain how genetic modification using this approach may help reverse coral bleaching. (2 MARKS)

 ii State one social implication of this approach. (1 MARK)

b Approach 2
 Scientists get algae of the same species found in these corals that are adapted to warmer climates and release them onto 

the Great Barrier Reef.
 i Explain whether this approach is considered genetic modification or not. Justify your response. (2 MARKS)

 ii State one biological implication of this approach. (1 MARK)

Adapted from VCAA 2017 Northern Hemisphere Exam Section B Q11

Key science skills

Use the following information to answer Questions 15–17.

Genetically modified crops are used in 24 countries across the world, including Australia and the USA. Australia only plants 
two GM crops while the USA plants over nine. The four largest GM crops are listed in the table (adapted from ISAAA, 2017)  
as well as the genetic modifications available in each species and the area of land (hectares) each GM crop covers in both  
the USA and Australia.

GM crop GM traits available in crop

Hectares grown in 2017

USA Australia

Cotton • herbicide tolerance

• insect resistance

4 580 000 432 000

Maize • herbicide tolerance

• insect resistance

• increased lysine

• drought tolerance

33 840 000 not approved

Soybean • herbicide tolerance

• increased oleic acid

35 050 000 not approved

Canola • herbicide tolerance

• high laurate

876 000 492 000

Question 15 (1 MARK)

From this information, it can be concluded that

A maize is not planted in Australia.
B use of GM crops has increased over the past five years.
C soybean takes up the most area of any GM crop in the USA.
D there are only four GM crops planted in the USA.

Question 16 (1 MARK)

The most widely used GM trait is

A insect resistance.
B herbicide tolerance.
C drought tolerance.
D increased oleic acid.

Question 17 (1 MARK)

Insect-resistant GM crops generally work by introducing a gene that encodes a protein that kills insects that feed on the plant. 
There is a concern that insects will evolve resistance to these toxic proteins and reduce the effectiveness of GM crops.  
In recent years, a variety of GM maize has been developed that contains multiple different toxic proteins in order to reduce  
the likelihood of resistance evolving in pests. The commercial introduction of this GM maize would
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A have little effect on Australian agriculture.
B increase the lysine content of maize.
C decrease maize crop productivity.
D increase the rate of mutation in insect pests.

Question 18 (6 MARKS)

Citrus greening is a disease that affects citrus trees, such as orange trees. The disease is caused by the bacterium Candidatus 
Liberibacter asiaticus. These bacteria are transferred to the trees when insects called psyllids feed on the sap in leaves.  
The bacteria live in the plants’ nutrient-conducting tissues (phloem), causing slow death of the trees. 

A solution to this disease uses a gene from a spinach plant, which codes for a defensins protein. The defensins protein binds  
to and punches holes in the bacteria, breaking them apart. Genetic engineers have inserted the defensins gene into a viral 
vector. The viral vector is a modified form of a virus that normally infects citrus trees. 

The genetically engineered viral vectors were placed in many orange trees through small incisions in the trees’ bark. They 
also kept several orange trees that did not receive the treatment to act as controls. After several years’ growth, the scientists 
checked the trees for citrus greening. They found that none of the treated trees were affected by citrus greening while all  
of the untreated trees nearby were affected by citrus greening. 

a Identify the independent and dependent variables in this experiment. (1 MARK)

b State what the genetic engineers’ hypothesis would be. (1 MARK)

c Outline two measures that would need to be taken to ensure the results of this experiment are reliable. (2 MARKS)

d Before governments allow the commercial production of these citrus greening-resistant orange trees, extensive field trials 
must be carried out by scientists.

 Give two reasons why extensive field trials are necessary for GM crops. (2 MARKS)

Adapted from VCAA 2018 Northern Hemisphere Exam Section A Q39
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We can classify it into one of two categories based on the geographic spread of people  
it has infected.

These groups are:

• epidemic – a sudden increase in the occurrence of a disease amongst a specific  
population in a specific location

• pandemic – an epidemic that has spread to different countries and/or continents.  
As such, pandemics typically affect many more people than epidemics and are much 
more difficult to control.

Table 1 lists some important examples of epidemics and pandemics that have happened 
throughout human history. 

Table 1 Significant epidemics and pandemics throughout history

Outbreak Cause Status Distribution and Impact

The Black Death/
The Plague

Yersinia pestis bacteria 
spread from rats via fleas

Pandemic Occurred between 1347 and 1353 
throughout Europe and Asia. Killed 
between 30% to 60% of Europe’s 
population during this time. 

The Spanish Flu H1N1 Influenza virus Pandemic Occurred between 1918 and 1920. Thought 
to be responsible for the deaths of 50 – 
100 million people worldwide. 

AIDS/HIV Human immunodeficiency 
virus (HIV) spread via blood 
or sexual secretions

Pandemic First reported in 1981, AIDS/HIV has gone 
on to infect more than 36.7 million people 
around the world, and has resulted in over 
1 million deaths. 

2015-2016 Zika 
fever

Zika virus spread  
via mosquitoes

Epidemic A widespread epidemic of Zika fever 
spread from Brazil throughout South  
and North America. 

2018 Kivu Ebola 
outbreak

Ebola virus Epidemic Outbreak of Ebola in the Democratic 
Republic of Congo resulting in 
approximately 1 000 cases. 

There are a number of factors that help diseases evolve into epidemics and pandemics. 
These include:

• poor hygiene and sanitation – this increases the likelihood of transmission (see Table 3), 
especially in densely populated areas

• increased travel between populations – this allows carriers and vectors to spread  
pathogens over greater distances

• climate change – this may alter the distribution of pathogens and vectors

• misuse of antimicrobials – doctors sometimes prescribe antimicrobials when they are 
not needed. Additionally, some places around the world do not tightly regulate the use 
of antimicrobials. This exposes pathogens to antimicrobials more frequently or at  
ineffective doses and potentially allows them to develop resistance.

You don’t need to memorise Table 1 – its purpose is to provide context. In the past, VCAA have 
provided background information on a disease before testing your understanding of how pathogens 
are identified and what strategies could be used to overcome the outbreak.

Tip

Identifying pathogens 4.2.7.2

overview

Using a variety of physical, immunological, and molecular techniques, scientists are able  
to identify pathogens that cause disease. 

theory details

Pathogen identification helps scientists and health professionals know how to treat those 
who are already sick and limit the spread of the disease. Some of the methods scientists 
use to identify pathogens are summarised in Table 2.

epidemic a dramatically 
increased occurrence of a disease 
in a particular community at a 
particular time 

pandemic an epidemic that has 
spread across multiple countries 
and/or continents

16C THEORY  637



Table 2 Methods of identifying pathogens

Method Description

Physical Visualising pathogens using microscopes to determine structure (Figure 1a)

Biochemical testing, including using different media to culture the pathogen 
(Figure 1b)

Immunological Enzyme-linked immunosorbent assay (ELISA) – scientists anchor antigens from 
a pathogen to a plate, then add a patient’s blood to the plate. If the patient has 
been exposed to the pathogen, they will have antibodies that bind to the antigen. 
Scientists can visualise the binding of antibodies to antigens with a 
colour-change test. 

Molecular Hybridisation-based detection – labelled segments of genetic material that are 
complementary to a pathogen’s genetic material are added to a sample. If a signal 
is generated, it means a pathogen is present.

Amplification-based detection – PCR is used to amplify segments of DNA specific 
to the pathogen. 

Whole genome sequencing – provides detailed information about the pathogen, 
including information pertaining to its resistance. 

Strategies that deal with disease 4.2.7.3

overview

The approach to managing a disease is complex and depends on the pathogen. Generally, 
strategies include identification of the pathogen, prevention, measures to control the 
spread of the pathogen, and treatment of those who are already sick. 

theory details

The expression ‘teamwork makes the dream work’ is applicable to many things in life, and 
is especially relevant to disease management. When faced with a disease outbreak, many 
different groups of people work together to control the spread of disease and treat those 
who are affected. 

There are many different facets of disease management, and they vary depending  
on the disease in question. In general, however, some of the key steps in disease  
management include:

• Prevention – taking steps to prevent diseases from emerging at all. Preventative  
measures include improving hygiene and sanitation via handwashing, sterilising  
surfaces and tools, ensuring access to clean water and food, and using items such as 
gloves and masks when dealing with sick people. Laws controlling immigration and 
food imports from affected populations can also prevent new outbreaks. Additionally, 
prevention includes vaccination, if a vaccine exists for the disease in question (Figure 
2a), and educating people about how to prevent infection. 

• Ongoing surveillance of disease indicators – for example, governments keep tabs on 
medication sales at pharmacies and look for changes that might indicate the prevalence 
of certain symptoms or illnesses have increased. 

• Quarantine and isolation – once a person becomes ill, or has the potential to become ill 
(e.g. is returning home from visiting an affected area overseas), they may be separated 
from healthy people to ensure they don’t spread their disease to them (Figure 2b). 

• Identification of the pathogen – using the methods outlined in Table 2, scientists can 
identify the pathogen that is making people sick. This information provides guidance 
for managing the disease outbreak and treating the disease. 

• Identify and control method of spread – if the disease is spread via a carrier (e.g. cattle 
infected with mad cow disease) or a vector (e.g. mosquitoes and yellow fever) then  
targeted control of the carrier/vector population can control the spread of disease. 
Alternatively, if the disease is spread via contaminated water (see case study) then 
providing access to clean water may prevent disease. Table 3 outlines common modes 
of pathogen transmission.

• Treatment – treatment includes symptom management, like pain relief and rehydra-
tion, and specific curative treatment, including the use of medications such as antibiot-
ics and antivirals to target the pathogen. 

(a)

Figure 1 (a) Ebola virus visualised 
under microscope; (b) bacteria 
growing on selective growth media

(b)

Im
ages: Studio_3321/Sirirat/Shutterstock.com

enzyme-linked immunosorbent 
assay (ELISA) a technique used to 
identify a pathogen by determining 
the presence of antigen or 
antibodies in a sample

Figure 2 (a) vaccines are an 
important preventative measure 
against disease; (b) the crew 
of Apollo 11 in quarantine after 
returning from the moon.
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carrier an organism that is infected 
with and spreads a disease

antibiotics medications used 
to kill bacteria or slow their growth

antivirals medications used to 
treat viral infections
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Question 2 

Which terms correctly describes the roman numerals I, II, and III?

I II III

A outbreak epidemic pandemic

B epidemic outbreak pandemic

C pandemic outbreak epidemic

D epidemic infection pandemic

Question 3  

Which of the following is not a technique to identify pathogens?

A Visualising the pathogen with a microscope.
B Using human antigens that recognise pathogen antibodies in the blood, if the human has been previously exposed.
C Enzyme-linked immunosorbent assay.

D Testing for the presence of pathogen genetic material with PCR and gel electrophoresis.

Question 4 

Which of the following options contains all true statements about strategies to deal with disease?

A Prevention involves taking steps to 
stop diseases spreading

Governments track medication sales and 
communicate with health professionals to monitor 
for outbreaks

Vectors show symptoms of the disease, so 
controlling them limits the spread of the disease

B Quarantine involves separating ill 
people from healthy people

Governments take regular surveys of populations to 
monitor disease outbreaks

All infectious diseases are contagious, so all sick 
people must be isolated

C Prevention includes 
sterilising surfaces

To identify pathogens, doctors must quarantine sick 
people

If a disease is spread via contaminated food 
source, access to uncontaminated food would help 
control the disease

D Preventative measures 
include vaccination

Education campaigns increase social awareness of 
disease symptoms and treatments

Treatments include antimicrobial medications

Question 5 

Which of the following options contains all true statements about these antimicrobial agents?

Disinfectants Antiseptics Antibiotics Antivirals

A A type of antimicrobial A type of antibiotic Can prevent a bacterium from 
synthesising its cell wall

Can prevent a virus from 
replicating inside a host cell

B Used to kill or slow the growth of 
pathogens on the body

A type of antimicrobial Can prevent a bacterium from 
creating folic acid

Can prevent a virus from entering 
a host cell

C Used to kill or slow the growth of 
pathogens on surfaces

Used to treat septic injuries A type of antimicrobial Are only broad-spectrum

D Used to kill or slow the growth of 
pathogens in the environment

Used to kill or slow the growth of 
pathogens on the body

Can be broad-spectrum or 
narrow-spectrum

Can prevent a virus from 
attaching to a host cell

Exam-style questions

Within lesson

Question 6 (1 MARK)

Researchers are trying to develop new antiviral therapies. These therapies could include

A a drug that stops the spindle fibres forming during mitosis.
B providing amino acid supplements to promote flagella development.
C a drug that prevents virus attachment and entry.
D a drug that inhibits a bacterial-specific metabolic pathway.

Adapted from VCAA 2013 Section A Q40

Abnormal
increase in
occurrence
of a disease
in an area

Increase in
occurrence
of a disease

Occurrence
of a disease
in excess of
what is normal
across many
geographic areas

I II III
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Use the following information to answer Questions 7 and 8. 

Malaria is a disease caused by a eukaryotic parasite spread by mosquitoes. Female Anopheles mosquitoes transmit an infective 
form of the parasite into the bloodstream when they bite a vertebrate host such as a human. 

Question 7 (1 MARK)

Using the information given, it can be concluded that

A antibiotics would be effective against malaria. 
B all people bitten by a female Anopheles mosquito will contract malaria. 
C mosquitos are acting as the pathogen’s vector. 
D a person could be infected by coming into contact with a person with malaria.

Adapted from VCAA 2013 Section A Q16

Question 8 (1 MARK) 

Based on the information provided, which of the following would not be an effective method of stopping the spread of malaria? 

A Culling of mosquitoes
B Using nets to cover a person while they are asleep 
C Providing an infected population with access to antimalarial medication 
D Isolating infected people 

Question 9 (6 MARKS) 

The table compares how eight diseases spread and the number of people likely to be infected by one other infected person. 

Disease measles whooping 
cough

rubella polio smallpox mumps severe acute 
respiratory 
syndrome 
(SARS)

Ebola

How it spreads airborne 
droplets

airborne 
droplets

airborne 
droplets

fecal-oral 
route

airborne 
droplets

airborne 
droplets

airborne 
droplets

bodily fluids

Number of people infected 
from one other person

12 to 18 12 to 17 6 to 7 5 to 7 5 to 7 4 to 7 2 to 4 1 to 4

Source: Thomson Reuters (2018), adapted by VCAA 2018 Section A Q32

a  Using the information provided, identify an effective method for the prevention of the spread of polio during  
an outbreak. (1 MARK)

Adapted from VCAA 2018 Section A Q32

b Based on the information provided, which disease is the least contagious. (1 MARK)

c In 2018 an outbreak of Ebola in Kivu was referred to by scientists as an epidemic rather than a pandemic.

 i What does this suggest about the spread of the disease? (1 MARK)

 Adapted from VCAA 2017 Sample Exam Section B Q10a

 ii  Name and describe a modern method that scientists could have used when identifying the pathogen in the Kivu 
outbreak. (1 MARK) 

 Adapted from VCAA 2017 Sample Exam Section B Q10e

 iii  There is currently no known treatment for Ebola. Explain what course of action Australian authorities may take  
for a person wanting to re-enter Australia after visiting Kivu during the epidemic, and state why this action would  
be taken. (2 MARKS)

 Adapted from VCAA 2012 Exam 1 Section B Q7c
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b A person with measles visits a doctor and asks for treatment for their disease. Would antibiotics be an effective 
treatment? Justify your response. (2 MARKS)

Adapted from VCAA 2018 Section B Q8c

c In Australia, the government is aiming to achieve a vaccination rate of 95 per cent in the Australian population.
 i  What kind of immunity is the government trying to achieve in this population with this high vaccination rate? (1 MARK)

Adapted from VCAA 2017 Sample Exam Section B Q5bi

 ii  How does this type of immunity protect the 5 per cent of the population who have not been vaccinated? (2 MARKS)

 Adapted from VCAA 2017 Sample Exam Section B Q5bii

d Describe two ways in which the innate immune system of a person’s body would protect against an infection by  
this virus. (2 MARKS)

Adapted from VCAA 2012 Exam 1 Section B Q7c

Key science skills

Question 13 (1 MARK)

The graph shows the death rates from acquired immune deficiency syndrome (AIDS) and also the number of people infected 
with the human immunodeficiency virus (HIV). Before 2004 many people infected with the HIV virus went on to develop 
AIDS, which led to their deaths.

Source: UN AIDS (2015), adapted by Ortiz-Ospina and Roser (2019)

Based on the information in the graph, which of the following statements is true?

A The number of deaths peaked in 1997 at 3.47 million.
B The number of people living with HIV infection increased at the fastest rate between 2002 and 2014.
C The number of people living with HIV infection is highest in 2014 at 36.7 million.
D The number of deaths in 2004 was approximately 20 million.

Adapted from VCAA 2018 Section A Q29
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Question 14 (9 MARKS)

Sharon wanted to investigate the effectiveness of an antibiotic against the bacterium Escherichia coli. She prepared five 
different concentrations of the antibiotic.
She wrote the following method:

1 Put on a pair of disposable gloves.

2 Collect the five agar plates containing nutrient agar.

3 Label each agar plate with the five different concentrations of the antibiotic.

4 Collect a sample of E. coli in a broth culture.

5 Measure 0.5 mL of broth in a pipette and place in the centre of the first agar plate.

6 Spread the bacteria evenly over the agar plate with the spreader provided.

7 Place a drop of the antibiotic in the centre of the agar plate.

8 Close the lid of the agar plate and tape the lid to the bottom of the agar plate with sticky tape.

9 Repeat steps 6 to 8 with the other four concentrations of the antibiotic.

10 Place the agar plates on the side bench and leave overnight.

11 Wash your hands and dispose of the gloves.

a What difference would you expect to see between the agar plates prepared by Sharon? (1 MARK)

b In her experiment, Sharon was using a ruler with 1 cm markings to measure the zone of inhibition of bacterial growth. What 
sort of error could using this tool create in her results? Justify your response, and suggest how it could be reduced. (3 MARKS)

c Identify the dependent variable in the experiment. Justify your answer. (2 MARKS)

Adapted from VCAA 2017 Sample Exam Section B Q11b

d Sharon decides to conduct a different experiment where she repeats the procedure outlined above but does so with two 
different types of bacteria – Escherichia coli and Clostridium difficile. What is her hypothesis in this experiment? (1 MARK)

e Sharon wanted to repeat the experiment to test the effectiveness of an antifungal drug against E. coli. She prepared five 
different concentrations of the antifungal drug and followed the same steps that she used for the antibiotic. 
Explain the results that Sharon would be expected to obtain. (2 MARKS)

Adapted from VCAA 2017 Sample Exam Section B Q11d
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16D QUESTIONS
Theory review questions

Question 1  

What are the key terms from the lesson that match the following definitions?

a ___________ enzyme on the surface of the influenza virus that cuts the connection with the host cell
b ___________ process of designing a medicine that targets a specific molecule
c ___________ virus that causes the flu
d ___________ cell that is used by the virus to replicate
e ___________ this drug prevents the release of influenza virus by inhibiting neuraminidase
f ___________ a protein on the surface of the influenza virus that attaches to the host cell

Question 2  

Which of the following statements regarding rational drug design is false?

A Rational drug design involves identifying a target molecule.
B Rational drug design was the process that led to the development of Relenza.
C Rational drug design involves designing a molecule with a complementary shape and charge to an enzyme’s active site.
D Rational drug design can only be used when designing an antiviral drug.

Question 3  

Order the following steps of rational drug design.

1 Designing a molecule with a complementary shape to the active site

2 Studying the active site via x–ray crystallography

3 Searching a database of known compounds for a complementary molecule to the active site

4 Hypothesising about the role of a target molecule in a disease

The correct order is

A 1, 4, 2, 3
B 4, 2, 3, 1
C 4, 2, 1, 3
D 3, 2, 1, 4

Question 4  

Fill in the blanks in the following sentences.

During the development of Relenza, scientists identified _____I_____ as a target molecule and designed Relenza to block the 
_____II_____ of the _____III_____ via _____IV_____. Doing this stops the virus from leaving the _____V_____.

I II III IV V

A haemagglutinin active site enzyme competitive inhibition host cell

B neuraminidase active site enzyme competitive inhibition host cell

C neuraminidase virus pathogen non–competitive inhibition body

D a virus active site pathogen non–competitive inhibition body
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Key science skills

Question 12 (7 MARKS)

Is Tamiflu a waste of money?
On 19 March 2014 the journal Lancet Respiratory Medicine published a study showing that the influenza drugs Tamiflu and 
Relenza save lives. On 14 April 2014, another journal, the British Medical Journal (BMJ), published a review saying these 
influenza drugs do not save lives.
The Lancet researchers focused on the 2009 H1N1 global swine flu pandemic that claimed up to 575 400 lives worldwide. 
They asked whether Tamiflu and other neuraminidase inhibitor drugs prevented deaths during the pandemic. Looking at 
data from over 29 000 patients in hospital, they concluded the drugs saved lives. A comparison between patients who 
received the drug early, and those who received it late, suggested early treatment halved the death rate.
The BMJ researchers looked at general populations recovering from mild to moderate seasonal influenza. In their study 
the same drugs had only a minor effect, reducing the length of illness from seven to six-and-a-half days. There was no 
reduction in hospital admissions but there was an increased risk of side effects from using these drugs.
The BMJ study limited itself to the data obtained from randomised control studies. They carefully allocated comparable 
groups of people to receive either the real drug or a placebo. The Lancet study observed what took place in hospitals 
during the pandemic; observational studies like this are generally open to more criticism. But randomised control studies 
cannot be done during a pandemic on hospitalised patients at risk of dying from influenza.

Source: Finkel (2014) as cited by VCAA 2018 Northern Hemisphere Exam Section B Q10

a Identify the independent variable in the BMJ study. (1 MARK)

b Identify and explain one difference between the two studies that would have led to their different conclusions. (2 MARKS)

c Explain why hospitalised patients at risk of dying from influenza must be excluded from the randomised 
control study. (2 MARKS)

d Should the government of a country currently experiencing a low severity influenza pandemic purchase and distribute 
Relenza to their population? Justify your response using evidence from the article. (2 MARKS)

Adapted from VCAA 2018 Northern Hemisphere Section B Q10
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1A

1A What is a key science skill?
Theory review questions 

1 a  Experimental group /
treatment group

b Systematic error

c Valid d Accurate

e Confounding factor/variable f Outlier

g Control group or negative 
control group

h Random error

i Precise j Reproducible

k Repeatable l Dependent variable

m Independent variable

2 C 3 D

4 B 5 D

6 C 7 D

Exam-style questions

Key science skills

8 C 9 D 10 B

11 B 12 A 13 D

14 a  [The independent variable is distance between GM and non-GM 
fields. The dependent variable is the percentage of seeds produced 
at various positions as a result of cross-pollination.1]

I have correctly identified the independent variable and 
the dependent variable.1

b  [A control group was not used in this experiment.1][Control groups 
are not exposed to the IV.2][An example of a control group would 
be setting up two fields of non-GM crops next to each other, and 
measuring the percentage of seeds produced at various positions as 
a result of cross-pollination.3]

 Other acceptable responses include: 

• A control group could be a non-GM crop set up in an isolated 
space e.g. a greenhouse.

I have stated that there was no control group.1

I have described the nature of control groups.2

I have outlined what a control group would look like this 
experiment.3

I have used appropriate biological terminology such as: IV, 
control, percentage.

c  [The general trend is that the further the distance between crops, the 
less cross-pollination.1][The most cross-pollination occurred when 
there was no gap between plots (10% cross-pollination at edge 
of crop, 2% 10m into crop).2][There was little difference between 
placing the crops 5 and 7m apart (both had 1% cross-pollination 
at edge of plot), except the plots 7m apart had only 0.3% cross-
pollination 10m into the non-GM crop (as opposed to 0.5%).3]

I have outlined the general trend of the data.1

I have stated where cross-pollination was most common.2

I have stated where cross-pollination was least common.3

I have used data from the table to support my response.

d i   [Replication allows you to take a mean of a group, so outliers 
or results influenced by random error have less impact on your 
results.1][Replication also helps scientists to understand the 
precision of their measurements.2]

I have stated that replication reduces the impact of 
outliers and random error.1

I have stated that replication gives a measure  
of precision.2

I have used appropriate biological terminology such as: 
random error, outliers, precision.

 ii   [If they wished to replicate each experimental group three times, 
the farmers would need more plots and land.1][They could set  
up each group a great distance (e.g. 1 km) apart from each other 
to ensure they are not affecting each other, and plant three of 
each plot type.2]

I have drawn and described an appropriately replicated 
experiment.1

I have recognised that the replicates may affect each 
other, and attempted to overcome this issue in the 
design.2

e  [By having the trials run at different times, different treatments 
may be exposed to different weather conditions (e.g. rain, light, 
temperature, wind).1][This could reduce the accuracy of the results2]
[and be a potential confounding factor.3]

I have identified factors that may be uncontrolled over 
time.1

I have stated this could make the results less accurate.2

I have identified this problem as a confounding factor/
variable.3

f  [Farmer Y is benefitting from GM crops, but Farmer X is the 
individual who pays for the GM crops.1][The farmers should consider 
if this situation adheres to the ethical principle of justice.2]

 Other acceptable responses include: 

• Despite their initial agreement, Farmer Y is being forced to use 
GM crops. Even if she isn’t too bothered by this, there may be 
effects on Farmer Y’s crop of which she is not yet aware. The 
farmers should consider if this situation adheres to the ethical 
principle of respect.

1 1 1

2 2 2

3 3 3

1 km

1 k
m Key

0m apart

5m apart

7m apart
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• If Farmer Y’s crop is becoming GM, then even more farms nearby 
may be affected. The farmers should consider the impact of 
their actions on others, and if the situation adheres to the ethical 
principles of beneficence and justice.

• Farmer Y may still be advertising her crops as non-GM. This 
is dishonest, and the farmers should consider if the situation 
adheres to the ethical principle of integrity.

I have identified one ethical issue.1

I have related the issue to the correct ethical principle.2

15 a  [In this experiment, the IV is treatment with the drug and the DV 
is the number of individuals with the virus.1] [To begin, collect 100 
mice2][of the same age and genetic strain. They should be raised 
and kept in the same environmental conditions (e.g. temperature).3]
[Infect all mice with the virus for which the drug has been designed, 
then give the drug to 50 of the mice (the experimental group). Make 
sure these mice are labelled/easily identified as different from the 
non-treated mice (the control group).4][Over the coming days and 
weeks, the number of mice in each group with the virus should be 
counted.5][If the number of mice in the control group with the virus 
is significantly greater than the number of mice with the virus in the 
treatment group, then the drug is most likely effective.6]

 Other acceptable responses include: 

• Give a placebo to the mice in the control group.

• Give groups of mice different concentrations of the drug to 
characterise its effect in more detail.

I have identified the IV and the DV.1

I have used a sufficiently large (e.g. >10) number of mice in 
the experiment.2

I have described the sample population as sharing a 
number of constant variables.3

I have described the control group and the experimental 
group, both of which are replicated.4

I have explained how to collect results, including the 
timing of collection.5

I have indicated what the results mean by referring to the 
effectiveness of the drug.6

I have ensured that the design does NOT involve 
administering the drug before the virus.

I have used appropriate biological terminology such as: 
control group, treatment group, significant.

b  [Firstly, the welfare of the mice before and during the experiment 
should be considered. By ensuring the mice are fed, kept in clean 
and low-stress cages, stimulated socially and physically, and able to 
sleep, the scientists can address this issue.1][Secondly, any pain or 
trauma experienced by the mice should be considered. This can be 
minimised by reducing the amount of handling and testing the drug 
for side effects on a smaller group prior to the experiment.2]

 Other acceptable responses include: 

• The scientists should consider what is done with the mice 
after the experiment. If they can be retired or used in another 
experiment, this is preferential to euthanasia. 

• The scientists should consider how the virus affects the mice. If it 
causes extreme discomfort, they could use an attenuated version, 
or euthanise mice before they start to show severe symptoms, or 
not proceed with the experiment.

• The scientists should consider if there are long-lasting effects 
from receiving the drug. If there are severe effects, they may need 
to redesign the drug or halt experimentation.

• The scientists should monitor the side effects of the drug and 
have a plan for what happens if they occur. If the side effects are 
severe, they should stop administering the drug.

I have provided one ethical consideration, and suggested 
how it could be overcome.1

I have provided a second ethical consideration, and 
suggested how it could be overcome.2

I have signposted my response using terms such as: firstly, 
secondly.

c  [The scientists should wear gloves and lab coats when handling the 
mice, to avoid contact with the virus.1][They should also ensure the 
virus is kept in a well-labelled, safe, and lockable location so they can 
track and control its use.2] 

 Other acceptable responses include: 

• They should conduct thorough research into the virus and drug 
prior to starting, and have processes in place if spillages or 
accidental infections occur.

• They should practice using syringes and other procedures before 
the experiment.

• They should keep the cages clean and dispose of waste 
appropriately to avoid disease.

• They should avoid breaking glassware, and clean it quickly and 
carefully if breakage occurs.

• They should wash their hands well after handling the mice, drug, 
and virus.

• They should use an attenuated version of the virus in their 
experiment, to reduce the chance of human infection.

• They should conduct the experiment in an isolated environment.

I have identified one reasonable safety precaution for this 
experiment.1

I have identified a second reasonable safety precaution for 
this experiment.2

1B  Assessment of key science skills
Theory review questions 

1 a Methodology b Independent variable

c Correlation d Discrete data

e Continuous data f Open inquiry

g Acknowledgements, or 
references

h Trendline, or line of best fit

i Categorical data j Raw data

2 B 3 D

4 D 5 A
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6 D 7 D

8 B

Exam-style questions

Key science skills

9 C 10  C 11 C

12 D 13 D

14 a  [The independent variable is the concentration of antifungal 
medication,1][and the dependent variable is the size of the fungal 
colony.2]

 Other acceptable responses include:

• The dependent variable is the diameter of the fungal colony.

• The dependent variable is the amount of fungal growth/survival.

I have identified the independent variable.1

I have identified the dependent variable.2

b [Sterile means aseptic, or free from microorganisms.1][Using sterile 
tools prevents contamination of the agar plates with environmental 
microorganisms or extra spores from other plates, so the results are 
more valid.2]

I have defined sterile.1

I have explained that sterile instruments 
 prevent contamination.2

I have used appropriate biological terminology such as: 
microorganism, aseptic, valid, contamination.

c [Ibrahim replicated each experimental group twice.1][This is because 
he had two agar plates with the same concentration of antifungal 
medication.2]

I have stated the level of replication.1

I have outlined how Ibrahim replicated his experiment.2

I have used appropriate biological terminology such as: 
experimental group.

d [Ibrahim did not use a control group.1][This means he does not know 
how much fungal growth occurs without the antifungal medication, 
so he cannot compare his results to a baseline.2][If Ibrahim had two 
agar plates that were treated exactly the same as the other plates, 
but to which no antifungal medication was applied, this problem 
could be fixed.3]

 Other acceptable responses include:

• Ibrahim should change gloves between each plating to reduce 
possible contamination/systematic error.

I have stated one poor experimental choice.1

I have explained why this is a potential problem for 
the experiment.2

I have suggested a modification to the experimental 
design to overcome the problem.3

e i  [Generally, higher concentrations of antifungal medication results 
in lower mean diameters of fungal colonies.1][The mean diameter 
of fungal colonies is highest (3.2 cm) when treated with the 5 
µg/mL fungal medication, and is lower (0.8 cm) at 10 µg/mL.2]
[Then, the mean diameter of fungal colonies actually increases 
slightly to 1.0 cm at 15 µg/mL,3][but decreases again until, at 25 
µg/mL, there is zero growth.4]

I have stated the general impact of the IV on 
the DV.1

I have stated what occurs from 5 to 10 µg/mL.2

I have stated what occurs from 10 to 15 µg/mL.3

I have stated what occurs from 15 to 25 µg/mL.4

I have referred to data from the table in  
my response.

I have used the phrase ‘mean fungal colony size’ rather 
than just ‘fungal colony size’.

 ii  [Ibrahim’s hypothesis would have been that increasing fungal 
medication concentration decreases the amount of fungal 
growth.1][So, given that mean fungal growth decreases from 3.2 
cm to 0 cm as concentration of antifungal medication increases, 
these results broadly support his hypothesis.2][However, the 
increase in fungal growth between 10 and 15 µg/mL is not in 
favour of his hypothesis.3] 

I have stated what Ibrahim’s hypothesis would be.1

I have stated how the results support Ibrahim’s 
hypothesis.2

I have stated when Ibrahim’s results do not support his 
hypothesis.3

 iii  [Graph M is the best representation of Ibrahim’s data,1][because 
concentration and diameter are continuous variables.2]

I have stated that Graph M is the  best representation.1

I have explained why, with reference to the type of data 
presented.2

Chapter 1 Review
SECTION A

1 C 2 D 3 B 4 B

5 B 6 B 7 B 8 B

9 D 10 A

SECTION B

11 a  [The independent variable is glucose concentration.1][The 
dependent variable is the temperature change of yeast mixture.2]

I have identified the independent variable.1

I have identified the dependent variable.2
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I have explained standard graphing practice.2

I have explained why the other person is incorrect.3

 ii  [Increasing sample size makes results more reliable,1][because 
it is less likely they are affected by random outliers or an 
unrepresentative sample.2][By averaging the samples, the 
researchers gain a more precise result that explains what “most” 
plants do.3]

I have outlined the effect of increased sample size  
on reliability.1

I have explained why reliability is affected.2

I have explained the effect of averaging the samples.3

d [Accuracy is a measure of how closely the experimentally obtained 
results match with the true result,1][whereas validity means the 
results measure what they claim to be measuring and exclude the 
effects of confounding variables.2]

I have explained what is meant by the term accuracy.1

I have explained what is meant by the term validity.2

I have used comparative language such as: whereas.

13 a [Australia.1]
Other acceptable responses include:

• New Zealand.

• United Kingdom.

• Ireland.

• Singapore.

• Jamaica.

I have identified a country that charges more than $10 for a 
pack of cigarettes.1

b [If countries increased the price of cigarettes, individuals would be 
deterred from buying them.1]

I have stated a potential reason for the  
WHO’s recommendation.1

c [These percentages were estimated as it would be unrealistic to 
sample the entire population.1][Instead a sample of individuals that 
is believed to be representative of the entire population would have 
been selected and their data used as an estimation.2]

I have stated whether it is realistic to sample the  
entire population.1

I have explained how the estimation would be calculated.2

d i  [United States1][in 1961.2]

I have stated the country with the highest peak.1

I have identified the year in which this occurs.2

 ii  [The number of cigarettes consumed in Australia increases from 
1935 to 19801][with random peaks and troughs throughout.2]

I have not stated that fermentation rate is the  
dependent variable.

b [A control is compared with the treatment group/s, and any 
differences between the control and the treatment group can be 
attributed to the IV.1][A control for this experiment would be setting 
up a yeast mixture with no glucose added.2]

I have explained the purpose of a control.1

I have identified a possible control for this experiment.2

c i  [Group 3 is the most precise1][as all results are within 0.5 °C of  
one another.2]

I have identified the most precise group.1

I have justified why it is the most precise.2

 ii  [Group 4 is the most accurate1][as the average thermometer 
reading is 20°C, which is equal to the true temperature.2]

I have identified the most accurate group.1

I have justified why it is the most accurate.2

 iii  [Reliability refers to the degree to which results can be relied 
upon to be accurate.1][Testing the thermometers means we know 
if we can rely upon them to give accurate measurements, or if 
another tool should be used.2]

I have defined what reliability refers to.1

I have explained how testing the thermometers 
increases reliability.2

12 a  [The independent variable is sucrose concentration.1][The 
dependent variable is the average final height of each group  
of plants.2]

I have identified the independent variable.1

I have identified the dependent variable.2

b [Some controlled variables include the initial height of every plant 
being 2 cm, the researchers watering every plant with 5 mL of water 
each day, and that the experiment uses the same plant species for 
each group.1]
Other acceptable responses include:

• Using 40 plants for each group.

• Having the same number of days of growth for each group.

I have identified three controlled variables.1

I have used appropriate biological terminology such as:  
controlled variables.

c i  [Saskia’s graph is more correct1][as she has followed standard 
practice by plotting the independent variable on the horizontal 
axis and the dependent variable on the vertical axis,2][unlike 
Gustave who has plotted the inverse.3]

I have stated who has graphed the results correctly.1
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[Reaching a maximal peak at approximately 10 cigarettes per 
adult per day in the late 1980’s,3][the results then decrease until 
reaching four cigarettes per adult per day in 2010.4]

I have stated that the trend increases between 1935  
to 1980.1

I have stated there are random peaks and troughs.2

I have approximated the maximal point.3

I have described the final decrease.4

I have used data in my response.

 iii  [Japan and France’s graphs both share a similar shape, increasing 
between 1935 and 1980, before falling between 1980 and 2010.1]
[However, the magnitude of the increase in Japan’s graph is 
greater, reaching approximately 9.5 cigarettes per adult per day,2]
[compared to France’s peak at approximately 6.5 cigarettes per 
adult per day.3]

I have explained how both graphs are similar.1

I have stated that the magnitude of Japan’s graph  
is greater.2

I have made a comparison to France’s graph.3

I have used data in my response.
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2A Cell structure
Theory review questions 

1 a Nucleus b Organelles

c Ribosomes d Prokaryotic

e Cytoplasm f Flagellum

g Plant cell  

2 B 3 C

4 A 5 D

Exam-style questions

Within lesson

6 D 7 B 8 A 9 D

10 a  [Organelles.1]

I have named the smaller components of cells.1

b  [It is a eukaryotic cell1][as it contains a nucleus.2]

I have identified the type of cell.1

I have justified my response.2

c  [Cady is correct, it is a plant cell1][as it contains one large vacuole 
instead of many smaller vacuoles.2]

 Other acceptable responses include: 

• It contains chloroplasts.

• It contains a cell wall.

I have identified who is correct.1

I have provided one reason to justify my response.2

d  [Structure L is the rough endoplasmic reticulum1][which is 
responsible for the synthesis and processing of proteins.2]

I have named structure L.1

I have explained the function of structure L.2

e  [Structure N is a mitochondrion. It is the site of aerobic cellular 
respiration and produces ATP.1][Structure M is the vacuole, which 
is responsible for providing structure for the cell and storing fluids, 
water, and waste.2]

I have named the structure responsible for  
ATP production.1

I have described the other organelle.2

Key science skills

11 a  [This organism would be able to move freely as it has a flagellum.1]

I have explained whether the organism would be able to 
move freely.1

I have used appropriate biological terminology such as: 
flagellum.

b  [This organism does contain membrane-bound organelles, as it has 
chloroplasts and vacuoles.1]

I have stated whether the organism has  
membrane-bound organelles.1

c  [Binary fission.1]

I have named the process.1

d  [This conclusion is correct.1][This organism is similar to prokaryotic 
organisms due to the presence of a flagellum, single-stranded 
circular DNA, and dividing through binary fission.2][However, it 
cannot be deemed as prokaryotic due to the presence of eukaryotic 
traits such as vacuoles and chloroplasts.3][It also lacks key 
eukaryotic traits as it is missing a membrane-enclosed nucleus and 
linear DNA.4]

I have agreed with the conclusion.1

I have explained the similarities with prokaryotic 
organisms.2

I have explained the differences with prokaryotic 
organisms.3

I have explained the differences with eukaryotic 
organisms.4

2B Biomacromolecules and energy  
living in things

Theory review questions 

1 a Polar b Covalent

c Monomers d Protein

e Nonpolar f ATP

g Carbohydrate h Lipid

i Polymer j Exergonic or catabolic

k Endergonic or anabolic l Nucleic acid

2 B 3 A

4 D 5 C

6 D 7 D

8 C

Exam-style questions

Within lesson

9 D 10 A 11 A

12 B 13 B 14 C

15 a   [This reaction is endergonic, it absorbs energy,1][as it can be seen 
that the products have more energy than the reactants.2]

I have stated whether this reaction releases or  
absorbs energy.1

I have explained my answer by referring to the graph.2

I have used appropriate biological terminology such as: 
endergonic, products, reactants.
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Chapter 2 Review
Section A

1 C 2 A 3 D 4 D

5 A 6 B 7 B 8 B

9 B 10 D 11 A 12 B

Section B

13 a Structure Name Role

Q chloroplast uses solar energy to produce 
glucose

K ribosomes site of protein production

P nucleus controls all cellular 
processes

N vacuole stores fluids, water, and 
waste within the cell

R Golgi body modifies, sorts, and 
packages protein molecules

L cell wall structural support and 
protection of cell

O mitochondria converts glucose into energy

M plasma membrane controls what enters and 
exits the cell

I have identified the correct structures.

I have identified the correct names.

I have identified the correct roles.

b [The cytosol is the liquid part of the cell,1][whereas the cytoplasm 
includes the cytosol and all of the organelles excluding the nucleus.2]

I have described what the cytosol is.1

I have described what the cytoplasm is.2

I have used comparative language such as: whereas.

c [Clara is incorrect when stating this cell is prokaryotic1][as it 
contains membrane-bound organelles.2][However, she is correct 
in that this cell is a plant cell3][because it contains a cell wall, 
chloroplasts, and one large vacuole.4][Therefore, this cell is a 
eukaryotic plant cell.5]

I have stated if this cell is prokaryotic.1

I have justified whether it is prokaryotic.2

I have stated if this cell is a plant cell.3

I have justified whether it is a plant cell.4

I have concluded what type of cell this is.5

14 a  [T- nucleic acids,1][U- fats/lipids,2][V- carbohydrates,3] 
[W- proteins.4]

b [Anabolic.1]

I have stated whether the reaction is anabolic or catabolic.1

c [Cells use ATP to carry energy between reactions, where it can 
release energy for the cell to use.1]

I have described the role of ATP in biological systems.1

16 a [Amino acids.1]

I have identified the monomers.1

b [Protein.1]

I have identified the type of biomacromolecule produced 
from this reaction.1

c [Collagen.1]
 Other acceptable responses include:

• Keratin.

• Elastin.

• Amylase.

I have given an example of a protein.1

d [This reaction is not a hydrolysis reaction,1][as water is not being 
consumed, it is being produced. This is a condensation reaction.2]

I have stated whether this is a hydrolysis reaction.1

I have explained the type of reaction.2

Key science skills

17 a [The water and oil will not mix due to their differences in polarity.1]
 Other acceptable responses include:

• The water and oil will mix due to their polarity.

I have stated a hypothesis the students could be testing.1

b i [Lipid.1]

I have identified the type of biomacromolecule.1

 ii [Nonpolar.1]

I have identified the polarity of this 
 biomacromolecule group.1

c [Jed is correct,1][as polar substances such as water dissolve in 
other polar substances but do not mix with or dissolve in nonpolar 
substances such as oil, and vice versa.2]

I have identified which student is correct.1

I have justified my response by referring to the nature of 
polar substances.2
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I have identified structure T.1

I have identified structure U.2

I have identified structure V.3

I have identified structure W.4

b [Tèa is incorrect1][as structure V is a carbohydrate and structure U is 
a lipid and these biomolecules do not contain nitrogen.2]

I have stated that Tèa is incorrect.1

I have explained why Tèa is incorrect.2

I have referred to the scenario in my response.

c i [Smooth endoplasmic reticulum.1]

I have identified where structure U is produced.1

 ii [Ribosomes.1]

I have identified where structure W is produced.1

d i [Hydrophilic.1]

I have identified the nature of structure V.1

 ii [Hydrophobic.1]

I have identified the nature of fatty acid tails in  
structure U.1
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3A

3A The structure of the plasma membrane
Theory review questions 

1 a Polar b Hydrophilic

c Phosphate head d Cholesterol

e Proteins f Amphipathic
  

2 A 3 A

4 D

Exam-style questions

Within lesson

5 D 6 D 7 B

8 A 9 D 
Multiple lessons

10 a

phospholipid

fatty acid tails

phosphate 
head

extracellular fluid

cytosol

I have drawn phospholipids arranged in a bilayer.

I have drawn the phosphate heads facing outwards and the 
fatty acid tails on the inside.

I have labelled phospholipid, fatty acid tails, phosphate 
head, cytosol, and extracellular fluid.

b  [The phosphate head is negatively charged and hydrophilic,1]
[the fatty acid tails are uncharged and hydrophobic,2][and the 
phospholipid is amphipathic.3]

I have stated the charge of the phosphate heads.1

I have stated the charge of the fatty acid tails.2

I have stated the charge of a phospholipid.3

c [Cholesterol regulates the fluidity of the plasma membrane.1][When 
it is hot, the cholesterol stops the fatty acid tails from separating too 
far. When it is cold, the cholesterol disrupts the fatty acids tails so 
they do not bind too tightly.2]

I have stated the role of cholesterol.1

I have explained how it performs this role.2

11 a Molecule Name Function

Q Phospholipid Membrane stability and structure

R Cholesterol Regulates membrane fluidity

S Glycoprotein Cell-cell communication, 
adhesion

T Channel 
protein

Transport across the membrane

I have identified molecules Q-T.

I have identified the functions of molecules Q-T.

I have NOT stated that molecule Q is involved in transport.

I have NOT stated that molecule T is involved in cell-cell 
communication, adhesion, or enzymes.

b [The middle of the membrane is nonpolar1][so Molecules R and T 
must also be nonpolar/hydrophobic, where they touch fatty acids 
in the middle of the membrane.2][However, both Molecules T and R 
may have hydrophilic regions that are near the phosphate heads or 
aqueous environment.3]

I have stated the polarity of the middle portion of  
the membrane.1

I have stated the polarity of portions of Molecules R and T 
that are near fatty acids.2

I have stated the polarity of portions of Molecules R and T 
that are near hydrophilic substances.3

c [The model is described as ‘fluid’ because the lipids, proteins, 
and cholesterol can move around - they are not stuck in place. 
Cholesterol specifically regulates how fluid the membrane is.1]
[The model is ‘mosaic’ because there are lots of different proteins 
embedded in it - for example, glycoproteins.2]

I have explained why the term ‘fluid’ is used, with reference 
to cholesterol.1

I have explained why the term ‘mosaic’ is used.2

12 a

I have drawn a cell with protein types evenly dispersed 
around the membrane

b [That the two protein types will become evenly distributed in the 
plasma membrane when the two cell types are fused together.1]

I have suggested a realistic hypothesis.1

c [The same type of animal cell should be used and the temperature at 
which the cells are kept prior to fusion should be constant.1]

 Other acceptable responses include: 

• The other types of membrane proteins in the cells

• The number of other membrane proteins in the cells

• The fusion technique

• The amount of cholesterol in the membranes of the cells

• The same number of each type of cell

I have suggested two factors that should be controlled.1
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I have indicated the direction of the relationship using 
terms such as: more, smaller, lighter.

b [The mass of the eggs at the beginning of the experiment, the 
amount the solutions were mixed, and the scales used to weigh the 
eggs.1][These three things should be the same across treatments or 
measured and noted.2] 

 Other acceptable responses include:

• The amount of distilled water.

• The brand of corn syrup used.

• The hen the eggs were from.

• The place the circumference was measured from on the egg.

I have suggested three variables that are reasonable  
to control.1

I have suggested how the variables might be controlled.2

I have not suggested controlling for variables that were 
already controlled in the question such as: amount of corn 
syrup, time in solution, treatment beforehand.

c [The independent variable is the concentration of corn syrup1][and 
the dependent variables are the circumference, weight, and firmness 
of the egg.2]

I have stated the independent variable.1

I have stated the dependent variables.2

d [No difference in1][egg circumference, weight, or firmness2][across 
the different concentrations of corn syrup.3]

 Other acceptable responses include:

• An increase in circumference, weight, and firmness of eggs in the 
corn syrup solution. 

I have stated the results that would disprove  
Kinji’s hypothesis.1

I have referred to the dependent variables.2

I have referred to the independent variable.3

e [Kinji could test the eggs in more concentrations of corn syrup.1]
[When she finds a concentration that does not cause the mass and 
circumference of the egg to change, she will know that concentration 
is equal to the solute concentration inside the eggs.2]

I have suggested testing more concentrations  
of corn syrup.1

I have explained how Kinji will know the solute 
concentration of the eggs.2

I have referred to the scenario in my response.

f [The results may also be due to corn syrup specifically.1][To be 
sure that the eggs would interact the same way in other solutions, 
treatments with other solutes should have also been used.2]

 Other acceptable responses include:

• The results may have been due to chance; Kinji would need more 
replicates to be sure she was observing a reliable pattern.

• The results may be due to the acid treatment given to the eggs 
beforehand, and not actually due to osmosis. Kinji can’t be 
certain of her results as she did not include an egg that was 
unexposed to the treatment.

I have identified one explanation to which Rick could  
be referring.1

I have suggested how Kinji could overcome this limitation.2

3C

3C Bulk transport
Theory review questions 

1 a Exocytosis b Bulk transport

c Active transport d Endocytosis

e Vesicle f Golgi body

g Rough endoplasmic reticulum

2 B 3 D

4 B 5 A

Exam-style questions

Within lesson

6 D 7 C 8 A

9 A 10 D 11 B

12 a [Ribosomes.1]

I have identified the structure.1

b [Secretory proteins are made on ribosomes attached to rough 
endoplasmic reticulum (RER).1][They are folded in the RER then 
transported via vesicles to the Golgi body.2][Proteins may be modified 
here, and then are packaged into another vesicle.3][The secretory 
vesicle moves to the cell surface, fuses with the cell membrane so the 
contents of the vesicle are released by exocytosis.4]

I have stated the proteins are made on ribosomes on RER.1

I have described how proteins move from the RER to the 
Golgi body.2

I have stated what happens to secretory proteins at the 
Golgi body.3

I have described how secretory vesicles evacuate the 
protein from the cell.4

I have used appropriate biological terminology such as: 
exocytosis, vesicle, Golgi body, rough endoplasmic 
reticulum, ribosomes.

Multiple lessons

13 C
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17 a [A = protein channel, B = phospholipid .1]
 Other acceptable responses include:

• A = transmembrane protein

• A = transport protein

I have named the two structures.1

b [Cholesterol regulates membrane fluidity.1][Carbohydrates are 
attached to proteins and phospholipids and are involved in cell 
communication, adhesion, and reception.2]

 Other acceptable responses include:

• Glycoproteins are involved in cell communication, adhesion,  
and reception.

• Glycolipids are involved in cell communication, adhesion,  
and reception.

• Enzymes catalyse chemical reactions.

• Ion pumps that are involved in transporting ions in and  
out of a cell.

• Transmembrane proteins that are involved in the reception of 
extracellular signals rather than membrane transport.

I have identified and explained a role of the first structure.1

I have identified and explained a role of  the 
second structure.2

I have used appropriate biological terminology such as: 
cholesterol, carbohydrate, phospholipid.

c [This difference in concentration is maintained using active 
transport.1][In active transport, ATP is used by specific protein 
pumps to transport K+ against its concentration gradient into the 
red blood cells, increasing the concentration of K+ in the cell.2][K+ 

is charged so cannot easily diffuse across the plasma membrane, 
meaning the cytoplasm remains hypertonic in K+ to the 
 blood plasma.3]

I have stated that active transport maintains the 
concentration gradient.1

I have explained how active transport works.2

I have explained why K+  can’t cross the membrane.3

I have used appropriate biological terminology such as: 
diffuse, channel, pump, ATP, concentration gradient.

18 a i [Osmosis.1]

I have correctly identified the term used to describe the 
movement of water into a cell.1

 ii  [Plant cells take in water as they are hypertonic to the water, 
making them swell like animal cells.1][However, plant cells 
are prevented from bursting by their rigid cell wall made of 
cellulose.2][Instead of swelling, the cells become turgid.3]

I have stated that plant cells also swell.1

I have stated that they do not burst.2

I have described the plant cells as ‘turgid’.3

b [Guard cells become less turgid when water leaves, which occurs 
through osmosis.1][For osmosis to occur quickly, ion channels open 
in the membranes of guard cells, and this leads to epidermal cells 
becoming hypertonic relative to guard cells.2][Water will move from 
the area of low solute concentration (guard cells) to high solute 
concentration (epidermal cells).3]

I have stated that the change in turgidity occurs due  
to osmosis.1

I have explained how solute concentration could be used 
to induce osmosis.2

I have outlined the direction in which water moves.3

19 a Organelle/structure Role

Ribosome Synthesises protein

Rough endoplasmic reticulum Folds protein and packages it 
in transport vesicles destined 
for the Golgi body

Golgi body Modifies and packages protein 
into secretory vesicles for 
further transport

 Other acceptable responses include:

Organelle/structure Role

Mitochondria Provides energy for protein 
transport and synthesis

Vesicle Transports protein to and from  
Golgi body

Plasma membrane Allows protein to exit the cell  
via exocytosis

I have completed the table by correctly identifying three 
organelles and their roles.

b i  [Mohsin is correct,1][because glucose will usually have a lower 
concentration in cells than in plasma, as it is continuously 
being used up.2][This means glucose is transported with the 
concentration gradient via facilitated diffusion, which is a type of 
passive transport.3]

I have stated who is correct.1

I have justified why they are correct.2

I have described the process of passive transport  
of glucose.3

 ii  [GLUT4 is a protein, so it is made by ribosomes, folded and 
transported by RER, modified and packaged by the Golgi body, 
then transported by a vesicle to the plasma membrane.1][To 
ensure GLUT4 embeds in the membrane, the GLUT4 would be 
packed into the membrane of the vesicle rather than the lumen 
of the vesicle.2][So, when the vesicle and plasma membrane fuse, 
GLUT4 ends up embedded in the plasma membrane.3]

I have described protein synthesis and the  
secretory pathway.1

I have stated where in the vesicle the GLUT4 
would exist.2
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I have outlined how GLUT4 ends up in the plasma 
membrane during exocytosis.3

I have used appropriate biological terminology such 
as: vesicle, plasma membrane.

 iii  [Pinocytosis begins by the cell membrane folding inwards to form 
a cavity that is filled with extracellular fluid.1][The cell membrane 
then pinches and fuses together to trap the extracellular fluid 
inside the newly formed vesicle.2][This vesicle then detaches 
from the cell membrane and can be transported around the cell.3]

I have outlined the folding stage of pinocytosis.1

I have outlined the trapping stage of pinocytosis.2

I have outlined the budding stage of pinocytosis.3

I have used appropriate biological terminology such as: 
extracellular fluid, cell membrane, vesicle.
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4A

4A Protein function and structure
Theory review questions 

1 a Antibody or immunoglobulin b Protein

c Amino acid d Condensation reaction

e Secondary f Hormone

g Primary h The proteome

2 C 3 D

4 B

Exam-style questions

Within lesson

5 A 6 C 7 A

8 C 9 C

10 a Structural level of protein Diagram (W,X, Y, or Z)

primary Y

secondary X

tertiary W

quaternary Z

I have identified the correct level of protein structure for 
diagrams W, X, Y, and Z .

b [Amino acid.1]

I have identified the correct subunit.1

c [A condensation reaction occurs.1][This involves water forming2]
[when the -OH on a carboxyl group of one amino acid binds with an 
-H on the amino group of another amino acid.3][Then the two amino 
acids bind together to form a dipeptide, held together by a 
peptide bond.4]

I have correctly named the reaction that occurs.1

I have stated that water is formed.2

I have explained that the -OH of the carboxyl group binds 
to the -H of the amino group of adjacent 
amino acids.3

I have stated that this forms a peptide bond between the 
two amino acids.4

I have used appropriate biological terminology such as: 
water, condensation reaction, peptide bond, amino acid.

11 a [Peptide bond.1]

I have identified the correct bond .1

b Amino
group

Carboxyl
group

R-group

I have drawn the correct structure.

I have identified the amino, carboxyl, and R-groups.

c [Tertiary structure is the overall 3D shape of the protein.1][If a 
protein is made up of more than one polypeptide chain, then it is said 
to have quaternary structure.2]

I have explained what is meant by tertiary structure.1

I have explained what is meant by quaternary structure.2

I have used appropriate biological terminology such as: 3D 
shape, polypeptide chain.

Multiple lessons

12 A 13 D

Key science skills

14 a  [Lipids are hydrophobic,1][so are not attracted to and do not interact 
with hydrophilic substances.2][The outer R-groups of albumin are 
hydrophilic, so albumin will not interact with and dissolve in lipids.3]

I have stated that lipids are hydrophobic.1

I have stated that hydrophobic substances do not interact 
with hydrophilic substances.2

I have explained why albumin will not dissolve 
in lipids.3

I have used appropriate biological terminology such as: 
hydrophobic, hydrophilic, R-group, dissolve.

b [Proteins transport substances across membranes and defend 
against pathogens.1]

 Other acceptable responses include:

• Chemical messengers/hormones.

• Receive and tranduce cell signals.

• Structural.

• Storage of amino acids and ions.

• Motor/contractile.

• Enzymes.

I have identified two functions of proteins.1

c i  [Ten.1]

I have identified the number of patients with albumin 
levels outside the normal range.1

 ii [Personal error.1]

I have identified the correct type of error.1

 iii  [The doctor is correct.1][Given that high blood albumin is 
normally due to dehydration,2][rehydrating the patients with 
high albumin levels would lead to 20/25 patients having normal 
amounts of albumin. 20/25 = 80%.3]

I have stated if the doctor is correct.1
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4B Nucleic acid function and structure
Theory review questions 

1 a Nucleic acid b RNA

c Ribosomal RNA or rRNA d Antiparallel

e DNA f Transfer RNA

g Phosphodiester bond h Nucleotide

2 D 3 A

4 C 5 C

Exam-style questions

Within lesson

6 D 7 A 8 B 9 D

10 C 11 A 12 C

Multiple lessons

13 B 14 A 15 B

16 A 17 A 18 B

19 a  [Nucleic acid1][and protein.2]

I have identified one of the macromolecules shown.1

I have identified the second macromolecule shown.2

b [The monomers of a nucleic acid are nucleotides1][and the 
monomers of a protein are amino acids.2]

I have identified the monomer of the first type 
of macromolecule.1

I have identified the monomer of the second type 
of macromolecule.2

Key science skills

20   a i  [The primary structure of a protein,1][which is the sequence of 
amino acids in a protein.2]

I have identified the level of protein structure which is 
informed by protein sequencing.1

I have described this level of protein structure.2

 ii [The sequence of nucleotides in a gene.1]

I have identified the information obtained from 
gene sequencing.1

b i  [Bar X represents the nucleotide cytosine1][and bar Y represents 
the nucleotide thymine.2]

I have correctly identified bar X.1

I have correctly identified bar Y.2

 ii  [Scientist B is correct.1][Because there are equal numbers of the 
nucleotides A and T and the nucleotides C and G this is likely 
double stranded DNA.2][If the sample were single stranded 
DNA, it would be highly unlikely that there are equal number of 
complementary nucleotides.3]

I have stated which scientist is correct.1

I have explained why this is likely a sample of double 
stranded DNA.2

I have explained why this is unlikely to be a sample of 
single stranded DNA.3

I have used appropriate biological terminology such as: 
nucleotide, complementary.

 iii [230 base pairs.1]

I have correctly calculated the length of the 
DNA sample.1

I have recognised that this is a sample of double 
stranded DNA, so the length must be half the total 
number of nucleotides.2

 iv phosphate group

deoxyribose sugar

nitrogen-containing base

I have correctly drawn a nucleotide, the monomer 
of DNA.

I have labelled the diagram. 

I have used appropriate biological terminology such 
as: nitrogen-containing base, deoxyribose sugar, 
phosphate group. 

I have explained why rehydration might help 
her patients.2

I have outlined why 80% is the correct proportion.3

 iv  [No, the results are not precise, especially given that they were 
taken during the one doctor visit.1][Precision refers to how closely 
two or more measurement values agree with each other.2][The 
patient’s blood albumin levels vary widely both below and above 
the normal healthy range (from 3.21 to 5.75 g/dL), so these are 
not precise measurements.3]

I have stated whether the results were precise.1

I have referred to the definition of precision to justify 
my answer.2

I have used data from the scenario to justify my answer.3
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4C

4C From DNA to protein
Theory review questions 

1 a Gene b Template strand

c Codon d Genetic code

e Uracil (U) f 5’ methyl cap

g RNA polymerase h Coding strand

i Translation j pre-mRNA

k Transfer RNA (tRNA) l Stop codon

m Triplet n Transcription

o Ribosome p Termination sequence

q poly-A tail r Exons

s Introns t Peptide bond 

u Nucleus

2 B 3 C

4 B 5 D

6 D

Exam-style questions

Within lesson

7 D 8 D 9 A

10 B 11 A

Multiple lessons

12 D

13 a [Six.1]

I have identified how many amino acids would be present.1

I have not included the stop codon or introns in my count.

b i  [5’ AUG UGG CGA AUA AAA GUA GAA AGA CGU AUC CUA 
UAG 3’.1]

I have written a complementary chain of  
RNA nucleotides.1

I have identified the direction using 5’ and 3’.

 ii [5’ AUG UGG CGA GUA AGA CUA UAG 3’.1]

I have written a complementary chain of RNA 
nucleotides without introns.1

I have identified the direction using 5’ and 3’.

I have included the stop codon in the mRNA strand.

 iii [Met-Trp-Arg-Val-Arg-Leu.1]

I have stated the order of the amino acids in 
 the polypeptide.1

14 a i [Translation.1]

I have stated which process Molecule Z is involved in.1

 ii  [The tRNA anticodon is complementary to the mRNA codon 
being read by the ribosome.1][The anticodon attaches to the 
mRNA codon, which then allows for the corresponding amino 
acids to be joined to the growing polypeptide chain.2]

I have stated how the anticodon is related to mRNA.1

I have outlined what this allows for.2

I have used appropriate biological terminology such 
as: tRNA, complementary, mRNA, codon, amino acids, 
polypeptide chain.

b i [Primary structure.1]

I have identified which level of structure  
preproinsulin is.1

 ii  [Preproinsulin coils and folds into structures such as alpha 
helices and beta-pleated sheets.1][The polypeptide chain then 
arranges into a 3D-shape,2][and then combines with another 
polypeptide chain to form the A and B chain of insulin.3]

I have described what occurs at the secondary 
structure level.1

I have stated that the tertiary structure level is formed.2

I have described how the quaternary structure of 
insulin is formed.3

15 a [mRNA.1]

I have identified the molecule.1

b [RNA polymerase attaches to the promoter region of a gene.1]
[The DNA helix unwinds, and one strand is used as the template 
strand.2][RNA polymerase then reads the template strand, and 
adds complementary RNA nucleotides to a growing mRNA strand, 
replacing thymine with uracil.3][The pre-mRNA molecule then 
undergoes post-transcriptional modifications to become mRNA.4]

I have stated how transcription begins.1

I have stated that DNA is unwound.2

I have described how mRNA is elongated.3

I have identified that post-transcriptional modifications 
occur.4

I have used appropriate biological terminology such as: 
RNA polymerase, promoter, gene, DNA helix, unwinds, 
template strand, nucleotides, complementary, pre-mRNA, 
post-transcriptional modifications, mRNA.

c [A protein.1]
 Other acceptable responses include:

• A polypeptide.

I have identified the molecule type.1
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d [The ribosome binds and reads the mRNA code,1][and tRNA 
molecules bring specific amino acids to the ribosome.2][The tRNA 
anticodon binds to the complementary mRNA codon,3][allowing for 
amino acids to be joined by condensation polymerisation, forming 
the polypeptide polymer.4] 

I have identified the role of the ribosome in translation.1

I have stated that tRNA delivers amino acids.2

I have identified how tRNA interacts with mRNA.3

I have described how the polymer is formed.4

I have used appropriate biological terminology such 
as: ribosome, mRNA, tRNA, amino acids, anticodon, 
complementary, condensation polymerisation, 
polypeptide. 

16 A DNA

B pre-mRNA

C mRNA

D ribosome

E tRNA

F polypeptide

G anticodon

Stage Y transcription

Stage Z translation

Key science skills

17 a  [The independent variable is the sequence of amino acids within 
the polypeptide and the dependent variable is the accumulation  
in the nucleus.1]

I have identified the dependent and independent variables.1

b [Polypeptides N and E were easily able to cross the nuclear 
membrane,1][as they were able to accumulate in the nucleus.2]

I have identified which polypeptides were able to cross the 
nuclear membrane.1

I have stated why this is known.2

c [Polypeptide E* contains an Asp amino acid in the same position 
that polypeptide E contains a Gly. This change may affect the ability 
of the polypeptide to accumulate in the nucleus.1]

I have stated why polypeptide E* could not accumulate like 
polypeptide E.1

d [The scientists could repeat their experiment to ensure the same 
results occur.1][Repeating the experiment would determine if the 
results are similar to what is true, and reduce the chances of impact 
from outliers.2]

I have identified a way the scientists could increase their 
experiment’s precision.1

I have described why this change would 
 increase precision.2

4D Gene regulation
Theory review questions 

1 a Regulatory gene b Repressor protein

c Lac operon d Structural gene

2 C 3 A

4 D

Exam-style questions

Within lesson

5 B 6 C

Multiple lessons

7 B

8 a  [Stage 1 is transcription.1][The purpose is to create a mature mRNA 
strand from the code on the DNA template strand.2][Stage 2 is 
translation.3][Its purpose is to convert the mature mRNA strand into 
a polypeptide chain by joining amino acids together.4]

I have correctly named stage 1.1

I have explained the purpose of stage 1.2

I have correctly named stage 2.3

I have explained the purpose of stage 2.4

I have used appropriate biological terminology such as: 
transcription, template strand, DNA, mRNA, translation, 
polypeptide chain.

b  [The introns are removed from the pre-mRNA strand1][and exons 
are joined together to make an mRNA strand which only contains 
coding fragments.2][ A poly-A tail is also added to the 3’ end of the 
mRNA molecule and a methyl cap is added to the 5’ end.3]

I have explained that introns are removed.1

I have explained that exons are joined together.2

I have explained what is added to each end of DNA.3

I have used appropriate biological terminology such as: 
introns, exons, poly-A tail, methyl cap.

c  [Structure P contains structural and regulatory genes.1][Structural 
genes encode for proteins that become part of the structure or 
function of an organism and do not regulate the expression of 
another gene2][and regulatory genes encode proteins that influence 
the expression of another gene.3]

I have identified the two components of structure P.1

I have defined structural genes.2

I have defined regulatory genes.3

I have used appropriate biological terminology such as: 
structural genes, regulatory genes.
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9 a  [lacZ.1]
 Other acceptable responses include: 

• lacY.

• lacA.

I have identified a structural gene of the lac operon.1

b  [The repressor protein binds to the operator sequence1][and 
prevents RNA polymerase from transcribing the lac operon.2] 
[When allolactose is present, it binds to the repressor protein, 
changing its structure and releasing it from the operator region,3]
[allowing transcription to occur.4]

I have stated where the repressor protein binds.1

I have outlined the role of the repressor protein.2

I have explained the effect of allolactose binding to the 
repressor protein.3

I have explained the effect on transcription of the  
lac operon.4

I have used appropriate biological terminology such as: 
repressor protein, operator, RNA polymerase.

c  [The promoter region is the site where RNA polymerase binds to 
transcribe DNA.1]

I have described the role of the promoter region.1

d  [In the presence of allolactose, the repressor molecule will release 
from the operator region,1][allowing RNA polymerase to begin 
transcription of the lacZ gene.2][Once pre-mRNA is formed from 
transcription, post-transcriptional modifications take place to splice 
out introns and add a 5’ methyl cap and poly-A tail.3][The mature 
mRNA then moves out of the nucleus into the ribosomes4][and  
can commence the process of translation to produce the 
β-galactosidase enzyme.5]

I have described what happens in the presence 
of allolactose.1

I have explained the effect on transcription.2

I have outlined the post-transcriptional modifications.3

I have described where the mRNA moves to.4

I have outlined how the enzyme is formed.5

I have used appropriate biological terminology such as: 
repressor, operator, RNA polymerase, transcription, splice, 
5’ methyl cap, poly-A tail, translation.

e  [E. coli must conserve energy to survival.1][Transcription and 
translation both require a large input of energy.2][Therefore, by 
preventing the transcription of the lac operon, transcription and 
translation will only progress when required, lowering the total 
energy expenditure of the bacterium.3]

 Other acceptable responses include: 

• There is a selective advantage to regulate the lac operon.

• E. coli may only require the proteins made from lacY, lacZ, and 
lacA at particular times during the bacterium’s life cycle.

I have explained the importance of energy conservation.1

I have described the amount of energy required for 
transcription and translation.2

I have explained the importance of repressing the  
lac operon.3

Key science skills

10 a  [An experimental control is an experimental procedure in which the 
experimental group does not receive the treatment or experience 
the influence of the independent variable.1][This serves to highlight 
any effects of confounding variables on the dependent variable.2]
[Therefore, sample 1 is the experimental control.3]

I have defined an experimental control.1

I have explained the purpose of an experimental control.2

I have identified the experimental control in  
the experiment.3

b  [When working with E. coli, the experiment should take place in an 
aseptic environment.1]

 Other acceptable responses include: 

• Wearing gloves.

• Incubating E. coli at a temperature that prevents excessive growth.

• Washing hands after the experiment.

• Wearing lab coats.

• Following standard procedures for cleaning spills.

I have identified a reasonable safety consideration.1

c  [It is expected that for an increase in allolactose concentration, 
there will be an increase in the concentration of β-galactoside 
transacetylase.1]

I have stated a suitable hypothesis.1

I have included the relationship between the independent 
variable and dependent variable in my response.

d i  [Personal error.1]

I have identified the type of error.1

 ii  [It can be expected that sample K represents sample 2, sample L 
represents sample 4, sample M represents sample 1, and sample 
N represents sample 3.1][This can be determined as a greater  
amount of allolactose causes a greater rate of transcription of 
β-galactoside transacetylase.2]

I have identified which results match which samples.1

I have briefly explained my response.2
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I have used appropriate biological terminology such as: 
ribosome, mRNA, inhibits, translation, proteins. 

19 a [Amino acids.1]

I have stated the monomer of insulin.1

b [Amino acids contain amine and carboxyl functional groups as well 
as a variable R-group which differs between different amino acids.1]
[On the other hand, nucleotides2][contain a phosphate group, a 
sugar, and a nitrogen-containing base which differs between 
different nucleotides.3]

I have identified the three main parts of amino acids.1

I have identified the monomer of DNA.2

I have identified the three main parts of DNA monomers.3

I have used appropriate biological terminology such 
as: amine, carboxyl, functioning groups, R-groups, 
nucleotides, phosphate, sugar, nitrogen-containing base.

I have used comparative language such as: on the  
other hand.

c [In amino acids, amine, and carboxyl functional groups form a 
peptide bond, continuing on to produce a primary polypeptide 
sequence.1][In DNA, nucleotides form a phosphodiester bond 
between phosphate and sugar, which produces a single-stranded 
DNA molecule.2][For both macromolecule groups, water is a 
byproduct of the condensation reaction.3]

I have described the joining of amino acids and named the 
bond type.1

I have described the joining of nucleotides and named the 
bond type.2

I have explained the role of water in condensation 
reactions.3

I have used appropriate biological terminology such 
as: amine, carboxyl, functional groups, peptide bond, 
polypeptide sequence, nucleotides, phosphodiester bond, 
phosphate, sugar, single-stranded DNA.

d i  [The sheep form of insulin is least similar,1][as it has the most 
differences in amino acids in both the alpha and beta chain when 
compared to humans.2]

I have stated which animal’s form of insulin is  
least similar.1

I have referred to differences in amino acids as 
evidence for differences in insulin.2

 ii  [It is not known if all three have an identical nucleotide sequence 
even though they all have an alanine amino acid.1][This is 
because the genetic code is redundant, and multiple sequences 
of nucleotides can code for the same amino acid.2]

I have stated that it is unknown if they contain an 
identical nucleotide sequence.1

Chapter 4 Review
SECTION A

1 A 2 B 3 C 4 A

5 C 6 C 7 D 8 B

9 B 10 D 11 B 12 D

13 A 14 C 15 A 16 D

SECTION B

17 a  [W is quaternary level structure, X is secondary structure, Y is 
primary structure, and Z is tertiary structure.1]

I have identified the correct level of protein structure 
represented by each diagram.1

b [Diagram Z, the tertiary structure.1]

I have identified which diagram gains its structure from 
R-group interactions.1

c [The primary structure of proteins, diagram Y, obtains its structure 
from peptide bonds between amino acids in the sequence.1][The 
secondary level of structure seen in diagram X involves folding  
and coiling which is determined by hydrogen bonding between 
amino acids.2]

I have described the type of bonding involved in the 
primary level of protein structure.1

I have described the type of bonding involved in the 
secondary level of protein structure.2

I have used appropriate biological terminology such as: 
peptide bonds, folding and coiling, hydrogen bonding, 
amino acids.

18 a  [Molecule X is mRNA.1][The mRNA molecule carries genetic 
information to the ribosome by specifying the ordering of amino 
acids in the polypeptide chain.2]

I have correctly identified Molecule X.1

I have described its function.2

I have used appropriate biological terminology such as: 
mRNA, genetic information, ribosome, ordering of amino 
acids, polypeptide chain.

b [Translation.1]

I have identified which process is being stopped.1

c [By stopping the movement of the ribosome along the mRNA, 
ricin inhibits the translation process in mammals.1][Inhibiting the 
translation process means that the mammals are unable to produce 
the proteins that are required to function and are essential  
for living.2]

I have described what ricin poisoning is inhibiting.1

I have explained how this inhibition can lead to death.2
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I have justified my response by referring to the 
redundancy of the genetic code.2

I have used appropriate biological terminology such as: 
nucleotide sequence, alanine, genetic code, redundant, 
code, amino acids.

20 a  [Gene X represents the regulatory gene (lacI)1][and Gene Y 
represents the operator gene.2]

I have stated what Gene X represents.1

I have stated what Gene Y represents.2

b [The promoter gene is the binding site of RNA polymerase.1]

I have identified which gene RNA polymerase binds to.1

c [The lac repressor binds to the operator gene, stopping transcription.1]

I have identified which gene the lac repressor binds to.1

d [Lactose inhibits the action of the lac repressor which changes its 
shape and removes it from the operator region,1][allowing RNA 
polymerase to bind to the promoter and transcription to occur.2]
[This allows β-galactosidase to be produced,3][which breaks down 
lactose into glucose and galactose.4]

I have identified that lactose inhibits the lac repressor.1

I have identified that transcription occurs.2

I have stated that β-galactosidase is produced.3

I have explained the function of β-galactosidase.4

I have used appropriate biological terminology such as: 
RNA polymerase, transcription, β-galactosidase.
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5A Introducing enzymes!
Theory review questions 

1 a Substrate b Catalyse

c Activation energy d Active site

e Product f Induced-fit model

g Enzyme

2 C 3 B

4 C 5 C

Exam-style questions

Within lesson

6 C 7 C 8 D 9 A

10 A 11 D 12 C 13 A

14 D 15 C 16 A

Multiple lessons

17 a [Condensation reaction.1]

I have identified the kind of reaction.1

b [Peptide bond.1]

I have identified what bond is formed.1

c [High pH value.1]
 Other acceptable responses include:

• Low pH value

• High temperature

I have stated a condition that can denature enzymes.1

d i [Primary structure.1]

I have identified what level of protein structure is 
represented.1

 ii  [The primary structure of a protein refers to the sequence of 
amino acids in a polypeptide chain.1][The secondary structure is 
determined by hydrogen bonds, and is the folding and coiling of 
a section of the polypeptide chain. Secondary structures include 
alpha helices and beta-pleated sheets.2][When the protein takes 
on a three-dimensional globular shape it is said to have tertiary 
structure.3][Quaternary structure is achieved when multiple 
polypeptide chains or prosthetic groups combine to form a fully 
functional protein.4]

I have described the primary level of protein structure.1

I have described the secondary level of  
protein structure.2

I have described the tertiary level of protein structure.3

I have described the quaternary level of  
protein structure.4

I have used appropriate biological terminology such as: 
polypeptide, hydrogen bonds, folding, coiling,  
alpha helices, beta-pleated sheets, globular,  
prosthetic groups.

18 a [pre-mRNA molecule.1]

I have stated what type of molecule Molecule Z is.1

b [After RNA polymerase initiates transcription by attaching to the 
promoter region, DNA is unwound and the template strand of the 
AMY1 gene is exposed.1][RNA polymerase then reads the template 
and joins complementary RNA nucleotides,2][elongating the mRNA 
molecule.3][Transcription is ended when RNA polymerase reaches a 
termination sequence.4]

I have described the initiation step of transcription.1

I have described the elongation step of transcription.2

I have stated what kind of molecule is being produced.3

I have described the termination step of transcription.4

I have used appropriate biological terminology such as: 
RNA polymerase, promoter, DNA, AMY1 gene, template, 
nucleotides, complementary, mRNA, transcription.

c [The mRNA Molecule Z binds to a ribosome in the cytoplasm. The 
start codon on the mRNA molecule initiates translation.1][tRNA with 
anticodons complementary to mRNA delivers specific amino acids to 
the ribosome, and amino acids bind together with peptide bonds to 
form the polypeptide chain.2][Translation terminates once the stop 
codon is reached.3][The polypeptide is then released and undergoes 
protein folding to form amylase.4] 

I have described the initiation step of translation.1

I have described the elongation step of translation.2

 I have described the termination step of translation.3

I have related this to amylase.4

I have used appropriate biological terminology such 
as: mRNA, ribosome, start codon, tRNA, amino acids, 
anticodon, polypeptide chain, translation, stop codon.

Key science skills

19 a [Water and oxygen.1]

I have stated the products of the reaction.1

b [The shape of the active site of catalase is complementary to 
hydrogen peroxide.1][This allows for catalase to catalyse the 
breakdown of hydrogen peroxide into water and oxygen.2]

I have stated that their shapes are complementary.1

I have stated the significance of their structures.2

I have used appropriate biological terminology such as: 
active site, complementary, catalyse, breakdown.
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5B Inhibiting enzymes
Theory review questions

1 a  Non-competitive  
(or allosteric) inhibition

b Irreversible inhibition

c Enzyme inhibitor d Competitive inhibition

e Reversible inhibition f Allosteric site

2 B 3 D

4 A 5 B

Exam-style questions

Within lesson

6 C 7 C 8 D 9 A

10 C 11 C 12 B

Multiple lessons

13 a  [Enzymes catalyse biochemical reactions by lowering the activation 
energy of reactions.1]

I have identified the mode of action of enzymes.1

I have used appropriate biological terminology such as: 
catalyse, activation energy.

b [The enzyme-substrate complex refers to the complex formed when 
an enzyme and substrate are bound.1][The substrate binds to the 
enzyme at the active site.2]

I have defined the enzyme-substrate complex.1

I have identified where binding occurs.2

c [The drug competitively occupies the enzyme’s active site, allowing 
no substrate to bind.1][The drug’s structure would have to be 
complementary to the enzyme’s active site,2][and similar to the 
substrate’s structure.3]

I have identified that competitive inhibition occurs at the 
active site.1

I have stated how the drug’s structure relates to  
the enzyme.2

I have stated how the drug’s structure relates to  
the substrate.3

I have used appropriate biological terminology such as: 
active site, complementary.

14 a [They would be lower than healthy individuals.1]

I have stated that they would be lower.1

b [Hex A.1]

I have identified the inhibited enzyme.1

c [The presence of compound R leads to the breakdown of compound 
Q, lowering the concentration.1]

I have described the relationship in the pathway.1

d [Increasing the concentration of transferase would not help with  
TSD symptoms.1][Transferase is responsible for converting 
compound P to glycolipid.2][However, the faulty Hex A enzyme 
would still be preventing glycolipid from progressing down the 
metabolic pathway, as increasing substrate does not reduce the 
impacts of allosteric inhibition.3]

I have stated whether it would help with TSD symptoms.1

I have explained the role of transferase in the pathway.2

I have related transferase’s role to the allosteric inhibition 
of Hex A.3

15 a [The production is decreased.1]

I have identified what happens to tryptophan production.1

b [When pathway Y is activated, enzyme 1 is inhibited by tryptophan 
and compound 1 is not produced,1][whereas when pathway X is 
activated, the transcription of all genes is stopped or suppressed.2]

I have described what occurs when pathway Y  
is activated.1

I have described what occurs when pathway X  
is activated.2

I have used comparative language such as: whereas.

I have used appropriate biological terminology such as: 
inhibited, transcription, stopped or suppressed.

c [If enzyme 4 was unable to function, tryptophan would not be 
produced and would be unable to regulate the system.1] 
[Compound 3 would also buildup as it is unable to be broken down.2]

I have explained what this would mean for  
tryptophan levels.1

I have explained what this would mean for compound  
3 levels.2

c i  [You would expect the shape of the graph for the carrot catalase 
to be the same, or similar to that of human catalase,1][and the 
optimal temperature to be close to 16°C.2]

I have described the graph’s expected shape.1

I have described where the graph would be expected 
to sit.2

 ii  [Testing 25 pieces compared to 5 would likely increase the 
accuracy of the experiment.1][This is because increasing the 
sample size would make the results closer to the true value and 
reduce the margin of error, or the effect of outliers.2]

I have stated how the accuracy of the experiment 
would change.1

I have explained why this change would occur.2
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Key science skills

16 a  [The graphs display blood testosterone before and after the ACTH 
test in normal individuals and those with CAH.1] 
[Individuals with CAH had a slightly higher resting level of 
testosterone before the test.2][Following the ACTH test, CAH 
individuals had an increase in blood testosterone levels whereas 
normal individuals levels stayed the same.3]

I have described what the graph displays.1

I have compared the results of the two groups before  
the test.2

I have compared the results of the two groups after  
the test.3

I have used comparative language such as: whereas.

b [The injection of ACTH in the test stimulates the biochemical 
pathway.1][In normal individuals, ACTH stimulation leads to the 
production of cortisol which causes inhibition, leading to the 
regulation of ACTH and testosterone levels.2][In CAH individuals 
the pathway is stimulated, however, the inhibited enzyme does 
not produce cortisol and no inhibition occurs, leading to continued 
ACTH production and a testosterone buildup.3]

I have identified what the test does.1

I have explained the reasoning for the normal  
group’s results.2

I have explained the reasoning for the CAH  
group’s results.3

c [The inhibitor is irreversible and competitive.1][With a similar 
structure to the substrate it is likely the inhibitor is competing for 
the active site.2][As excess substrate does not increase the amount 
of product when a competitive inhibitor is present then it must be 
irreversibly binding to the enzymes.3]

I have identified the type of inhibitor.1

I have explained the competitiveness of the inhibitor.2

I have explained the reversibility of the inhibitor.3

5C Coenzymes
Theory review questions 

1 a Loaded b ATP

c Coenzyme d Unloaded

e NADPH f NADH

2 A 3 D

4 B 5 D

Exam-style questions

Within lesson

6 D 7 A 8 D 9 B

Multiple lessons

10 A 11 C

12 a  [The substrate is glucose,1][the enzyme hexokinase,2][and the 
coenzyme is ATP.3]

I have correctly identified the substrate.1

I have correctly identified the enzyme.2

I have correctly identified the coenzyme.3

b [The active site of hexokinase has a complementary structure  
to glucose.1]

I have stated how the two structures are related.1

I have used appropriate biological terminology such as: 
active site, complementary.

c [ATP is the coenzyme1][which is used to provide the energy for 
the enzyme-catalysed reaction converting glucose into glucose 
6-phosphate.2][This energy comes from the donation of the  
energy-rich phosphate group on the ATP molecule, converting  
ATP into ADP.3]

I have stated ATP is a coenzyme.1

I have described the role of the coenzyme in  
this reaction.2

I have stated what happens to ATP in the reaction.3

I have used appropriate biological terminology  
such as: coenzyme, enzyme-catalysed, phosphate  
group, ADP.

d i  [The third phosphate group forms part of the product, glucose 
6-phosphate.1]

I have identified the location of the third  
phosphate group.1

 ii  [After being unloaded in this reaction, ADP is cycled back to 
its loaded form ATP,1][where it is then free to facilitate more 
enzyme-catalysed reactions.2]

I have stated that ADP is cycled.1

I have explained that ATP can facilitate more 
reactions.2

I have used appropriate biological terminology such as: 
unloaded, cycled, loaded, ATP, enzyme-catalysed.

Key science skills

13 a [Coenzyme Y is altered as it is converted to its unloaded form.1]

I have stated what change occurs to Coenzyme Y.1
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b [The concentrations of molecules A and B would decrease, the 
concentration of molecule C would increase1][as the enzyme 
X-catalysed reaction will still occur.2][As for molecule D, 
concentration may increase slightly, but at a much slower rate.3] 
[This is because enzyme Y will not be able to catalyse the reaction 
from C to D without the loaded coenzyme Y, so this reaction may 
still occur at a very slow rate. However, the Enzyme X catalysed 
reaction would still occur quickly.4] 

I have described the concentrations of each of the 
molecules A, B, and C.1

I have justified why this concentration is predicted for 
molecule A, B, and C.2

I have described the concentration of molecule D.3

I have justified why this concentration is predicted for 
molecule D.4

c [Enzyme X is likely a better fit to Molecules A and B,1][as Enzyme Y 
requires a coenzyme to bind with Molecule C.2]

I have stated which enzyme is likely  
more complementary.1

I have described why the other enzyme is  
less complementary.2

d i [When the concentration of Molecule D is lowest.1]

I have identified when the consumption of Molecules A 
and B is greatest.1

 ii  [Molecule D inhibits the function of Enzyme X1][as the 
production of Molecule C is lowered as the concentration of 
Molecule D increases.2][This means that as the concentration of 
Molecule D increases, the inhibition of Enzyme X increases, and 
the total rate of reaction of the overall pathway decreases.3]

I have stated which enzyme is inhibited.1

I have outlined the evidence for inhibition.2

I have described the effect on the rate of reaction of 
the pathway.3

 iii  [Molecule D is likely acting as an allosteric (non-competitive) 
inhibitor of Enzyme X.1][If it was a competitive inhibitor, it  
would block the active site of Enzyme X and be similar in 
structure to the substrates, Molecules A and B.2] 
[However, we are told Molecule D is not similar in shape, so it is 
likely acting allosterically.3]

I have correctly identified what type of inhibitor 
Molecule D is acting as.1

I have explained why it is likely not a form of inhibition.2

I have referred to the information given in my 
response.3

I have used appropriate biological terminology such as: 
allosteric, competitive, active site, substrates.

I have signposted steps in my response using terms 
such as: however.

Chapter 5 Review
SECTION A

1 A 2 A 3 C 4 D

5 B  6 A 7 B 8 D

9 A 10 B 11 B 12 A

13 C 14 C 15 D

SECTION B

16 a   [Independent variable: pH of buffer.1][Dependent variable: % of 
oxygen in conical flask.2] 

I have identified the independent variable.1

I have identified the dependent variable.2

b [The results do not support the students’ hypothesis.1][The enzymes 
in flask 2 (high pH buffer) produced a flask filled with approximately 
50% oxygen after five minutes. However the enzymes in flask 1 
(neutral pH buffer) produced a flask filled with almost 75% oxygen 
after five minutes, disproving the students’ hypothesis.2]

I have stated if the results support the hypothesis.1

I have justified my answer.2

I have used data from the experiment in my response.

c [A flask could be set up that contained only 50 mL of 3% hydrogen 
peroxide solution and 52 mL of distilled water.1][This control would 
determine the percentage of oxygen produced without the enzyme 
present.2][This would enable the students to determine the extent of 
oxygen production that is due to the enzyme’s activity and not due to 
confounding factors.3]

 Other acceptable responses include:

• A flask containing 50 mL of 3% hydrogen peroxide solution and 
50 mL of distilled water (the 52 mL of distilled water is used to 
account for the 2 mL of enzyme solution used ensuring there is 
the same amount of room in the flask for oxygen. However,  
50 mL would still produce a result of similar accuracy).

I have included only the necessary components for the 
control.1

I have stated what this flask would show.2

I have explained the function of this control flask.3

I have used the correct experimental and biological 
terminology such as: oxygen percentage, hydrogen 
peroxide, enzyme, confounding factors.

d [The students’ hypothesis was disproved as the highest oxygen 
production was seen in the neutral pH buffer.1][The students found 
that a neutral pH buffer solution resulted in a flask filled with 75% 
oxygen over 5 minutes due to the enzyme-catalyzed breakdown of 
hydrogen peroxide. The high pH buffer solution produced a 50% 
oxygen filled flask, while the low pH flask produced no oxygen over 5 
minutes.2][This suggests that the enzyme’s optimal pH is closest to 
the neutral pH, and low pH values can denature the enzyme.3]
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I have described the line’s slope and end point.1

I have justified why the line would be here.2

I have used data in my response.

e [The greatest activity of catalase and breakdown of hydrogen 
peroxide was seen at a pH of 7 and a temperature greater  
than 20 °C.1][This temperature is likely close to the human body 
temperature of 37 °C.2][Student B’s hypothesis that a change 
in temperature resulted in the difference between Tests 1 and 2 
was more likely to be correct, whilst Student A’s hypothesis was 
inaccurate.3]

I have stated the key finding relating catalase activity to 
temperature and pH.1

I have explained that this is indicative of the human body 
temperature.2

I have stated whether the results support or contradict 
Student A and Student B’s hypotheses.3
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6A Overview of photosynthesis
Theory review questions 

1 a Granum b Chloroplast

c Endosymbiosis theory d Glucose

e Water f Stroma

g Thylakoids h Chlorophyll

2 A 3 A

4 D 5 A

6 C

Exam-style questions

Within lesson

7 B 8 A 9 A

10 D 11 D 12 B

13 a  [Glucose.1]

I have identified the product of photosynthesis that is an 
energy-rich molecule.1

b  Carbon dioxide + Water  Glucose + Oxygen

I have written the simplified equation, not including water 
as an output.

I have written all inputs and outputs in worded form.

I have written 'sunlight' above the arrow and 'chlorophyll' 
below the arrow.

c i   [Chloroplasts.1]

I have identified the organelle in slugs.1

 ii   [Chloroplasts and bacteria both contain free floating ribosomes.1]
  Other acceptable responses include: 

• Chloroplasts contain their own circular DNA.

• Chloroplasts divide by binary fission.

• Chloroplasts have a double membrane.

I have outlined a piece of evidence that supports the 
scientists’ theory.1

d  [E. chlorotica eats less than the black sea slug1][as they are able 
to undergo photosynthesis to produce their own food source. 
Therefore, they are less dependent upon eating other organisms to 
produce energy.2]

I have stated which organism would eat more.1

I have linked the ability of E. chlorotica to undergo 
photosynthesis with why they do not require as  
much food.2

sunlight

chlorophyll

Multiple lessons

14 a  [Transfer RNA.1]

I have identified Molecule X.1

b  [They are responsible for transporting amino acids from the stroma 
to ribosomes in the chloroplast.1][tRNA molecules carry a specific 
amino acid to the ribosome.2][The anticodon of the tRNA will then 
attach to the complementary mRNA codon,3][releasing the amino 
acid which starts building the polypeptide chain.4]

I have specified that tRNA carries amino acids from the 
stroma to the ribosomes.1

I have specified that tRNA is specific to one specific  
amino acid.2

I have explained that the tRNA anticodon will attach to the 
mRNA codon.3

I have addressed that the amino acids will be released and 
form a polypeptide chain.4

I have used appropriate biological terminology such as: 
stroma, ribosomes, anticodon, polypeptide chain.

c  [Molecule W is mRNA.1][Firstly, RNA polymerase binds to the 
promoter region of the DNA as the DNA unwinds.2][Next, RNA 
polymerase catalyses transcription3][by reading the template strand 
of DNA and adding complementary RNA bases to synthesise the 
mRNA strand.4][As it is RNA, Molecule W pairs uracil, as opposed 
to thymine, with adenine.5]

I have identified molecule W.1

I have specified that RNA polymerase binds to the 
promoter region.2

I have specified that RNA polymerase catalyses transcription.3

I have identified that Molecule W is the product of RNA 
polymerase transcribing the template strand.4

I have explained the differences between RNA and DNA.5

I have included process words such as: firstly, next, then.

I have used appropriate biological terminology such as: 
unwinds, promoter region, catalyses, complementary 
strand, template strand.

d  [Chloroplasts are encircled by a double membrane1][which supports 
the theory that they were engulfed by another cell.2][In addition, 
they contain their own ribosomes3][which means they can produce 
their own proteins, allowing them to live in isolation.4] 

 Other acceptable responses include: 

• Chloroplasts contain their own circular DNA.

• Chloroplasts divide by binary fission.

I have identified a piece of evidence that supports the 
theory of endosymbiosis.1

I have linked the piece of evidence to how it supports  
the theory.2
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I have identified another piece of evidence that supports 
the theory of endosymbiosis.3

I have linked the piece of evidence to how it supports  
the theory.4

I have used appropriate biological terminology such as: 
double membrane, ribosomes, engulf.

Key science skills

15 a  [The independent variable is exposure to light1][and the dependent 
variable is the amount of growth in cm of the plant.2]

I have identified the independent variable.1

I have identified the dependent variable.2

b  [If the growth of a plant depends upon its exposure to light, then there 
would be a larger growth in Plant A when compared to Plant B.1]

I have stated a suitable hypothesis.1

I have included the independent variable and dependent 
variable in my hypothesis.

c  [To increase reliability, Timmy should include more plant replicates 
in each group. This will mean that a more accurate average of each 
group can be estimated.1][Therefore, the impact of random errors or 
outliers in the data can be minimised.2]

 Other acceptable responses include:

• Running the experiment for a longer time to eliminate other 
growth factors.

• Repeating the experiment.

• Keeping both plants in the same room to replicate conditions.

I have identified a factor that will increase reliability.1

I have explained how that factor increases reliability.2

I have referred to the scenario in my response.

I have used appropriate biological terminology such as: 
random error, reliability, accurate.

d  [To increase precision, Timmy should use the same ruler1][to 
eliminate the impacts of any calibration errors of the ruler.2]

 Other acceptable responses include: 

• Using a digital ruler or caliper.

I have identified a factor that will increase precision.1

I have explained how that factor increases precision.2

I have ensured I discussed a factor increasing precision 
and not accuracy.

I have used appropriate biological terminology such as: 
calibration errors.

e  [To disprove Timmy’s hypothesis, the results would have to show a 
growth rate that does not differ between two plants,1][which would 
suggest that light is not necessary for plant growth.2]

 Other acceptable responses include: 

• The plant in the dark room grows more.

I have referred to what the results would show.1

I have outlined that growth in Plant B would suggest light is 
not required for growth.2

I have used appropriate biological terminology such as: 
growth rate.

6B How photosynthesis works
Theory review questions

1 a Glucose b Calvin cycle or dark stage

c NADPH d Light-independent stage

e CO2 f Thylakoid membranes

2 C 3 B

4 D 5 B

6 D 7 A

Exam-style questions

Within lesson

8 D 9 C

10 a  [Light is required for the Elodea to photosynthesise.1][This light is 
used to energise the light-dependent reactions of photosynthesis.2]

I have stated that photosynthesis is dependent on light.1

I have outlined the role of light in photosynthesis.2

b  [The two stages of photosynthesis are the light-dependent stage and 
the light-independent stage.1]

I have stated both stages of photosynthesis.1

c  [The light-dependent reaction produces oxygen which form bubbles 
in the water.1]

I have identified how the bubbles are formed.1

11 a i  [H2O.1]

I have identified input X.1

 ii  [CO2.
1]

I have identified input Y.1

 iii  [All the carbon atoms from carbon dioxide are used to make 
glucose.1][Some of the oxygen atoms of carbon dioxide are also 
used to make glucose, while the remainder pair up with extra 
hydrogen ions unloaded by NADPH to form water.2]

I have described what happens to the carbon atoms of 
carbon dioxide.1

I have described what happens to the oxygen atoms of 
carbon dioxide.2
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b [The oxygen in the carbon dioxide (input Y) was radioactively 
labelled.1][Glucose is built from the carbon and oxygen from carbon 
dioxide and the hydrogen collected by NADPH during the light-
dependent stage.2][The oxygen from water (input X) cannot be 
the radioactively labelled sample as it is released at the end of the 
light-dependent stage as oxygen gas.3]

I have stated which input is radioactively labelled.1

I have explained the source of the carbon and oxygen in 
the formation of glucose.2

I have explained why it cannot be from the other input.3

12 
Name of the stage of 
photosynthesis that occurs at 
the stroma

Light-independent stage

Two input molecules that are 
required for reactions at the 
stroma

Any two of the following:

• Carbon dioxide (CO²)

• ATP

• NADPH

Two output molecules from the 
reactions at the stroma

Any two of the following:

• Glucose (C6H12O6)

• ADP + Pi

• NADP+

• Water (H2O)

 Other acceptable responses include:

Name of the stage of 
photosynthesis that occurs at 
the grana

Light-dependent stage

Two input molecules that are 
required for reactions at the 
grana

Any two of the following:

• Water (H²O)

• NADP+

• ADP + Pi

Two output molecules from the 
reactions at the grana

Any two of the following:

• Oxygen (O²)

• NADPH

• ATP

I have stated the name of each stage at the correct 
location.

I have identified two inputs of each stage.

I  have identified two outputs of each stage.

Multiple lessons

13 B 14 D

Key science skills

15 a  [The independent variable in this experiment is the concentration of 
NADP+ available.1][The dependent variable is the concentration of 
oxygen gas.2]

I have stated the independent variable.1

I have stated the dependent variable.2

b  [Students must ensure that the amount of light that each thylakoid is 
exposed to is consistent in all trials of the experiment.1]
Other acceptable responses include:

• Temperature.

• pH of solution.

• Amount of grana/thylakoids.

• Time exposed to the independent variable.

I have stated a variable that must be controlled.1

c  [The results could differ if Student A had not properly sealed 
the sample.1][This would mean oxygen could escape into the 
environment and the detected concentration was inaccurate.2]
Other acceptable responses include:

• Student A may have performed the experiment later than 
Student B, meaning that thylakoid membranes in their sample 
had become inactive, resulting in a lower reaction rate compared 
to the fresher samples used by Student B.

I have identified why the students’ results are different.1

I have explained how this may have impacted their results.2

6C Increasing and decreasing  photosynthesis
Theory review questions 

1 a Stomata b Chloroplast

c Optimal d Denature

2 C 3 B

4 A 5 B

Exam-style questions

Within lesson

6 A 7 D 8 C

9 D 10 C

Multiple lessons

11 a  [The rate of photosynthesis increases as temperature increases due 
to more enzyme-substrate collisions, until the optimal temperature 
of the enzymes within the cells is reached.1][Above this temperature, 
the rate begins to drop as the enzymes start to denature from the 
high temperatures.2]

I have explained the initial increase in photosynthesis rate.1

I have outlined why the reaction rate decreases.2

b i  [Enzymes are biological catalysts that speed up reactions that 
would normally take much longer to occur by lowering the 
activation energy.1]

I have identified the function of enzymes.1
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Chapter 6 Review
SECTION A

1 D 2 B 3 A 4 B

5 C 6 A 7 B 8 C

9 C 10 A 11 B 12 B

13 B

SECTION B

14 a  [Carbon dioxide is part of the light-independent reaction1][which 
occurs in the stroma.2]

I have identified the stage of photosynthesis where carbon 
dioxide is an input.1

I have identified the location of this stage.2

b [By inhibiting photosynthesis, a plant will be unable to produce 
glucose.1][This prevents the plant from producing ATP through 
cellular respiration, because glucose is a key input for respiration.2]
[Without ATP, vital metabolic processes will cease and the plant will 
ultimately die.3]

I have explained the effect of inhibiting photosynthesis.1

I have stated the primary use of glucose for a plant.2

I have stated that without glucose the plant will die.3

 ii [ATP and NADPH.1]

I have named two loaded enzymes.1

I have not listed ADP or NADP+.

12 a i [Granum.1]
  Other acceptable responses include:

• Thylakoid.

I have identified structure X.1

 ii [Light-dependent stage.1]

I have identified the correct stage of photosynthesis.1

b i [6 CO2 + 6 H2O  C6H12O6 + 6 O2.
1]

I have identified the balanced and simplified chemical 
equation of photosynthesis.1

I have not included H²O on the products side of  
the equation.

 ii  [Plants use photosynthesis to convert light energy into chemical 
energy in the form of glucose.1]

I have described why plants photosynthesise.1

c [Increasing the light intensity increases photosynthesis rate, until 
the enzyme-catalysed reactions cannot operate quicker and the 
maximum photosynthesis rate is reached.1][An increase in CO² 
concentration also increases the reaction rate until the maximum 
rate is reached.2][When temperature increases, the photosynthesis 
rate increases until the optimal temperature is reached, then the rate 
begins to rapidly decline3][as the enzymes within the cells begin to 
denature.4]

I have described how light influences photosynthetic rate.1

I have described how CO² influences photosynthetic rate.2

I have described how increasing temperature increases 
the rate before the optimal and decreases after.3

I have outlined why this decrease occurs.4

I have used appropriate biological terminology such as: 
maximum, rate, optimal, enzymes, denature.

Key science skills

13 a  [The oxygen meter records the oxygen produced by the plant,  
which corresponds to the rate of photosynthesis because oxygen  
is a product.1]

I have identified that the meter shows photosynthesis rate.1

b [Flask 1 acted as a control, the absence of light shows that no 
photosynthesis occurs when there is no light present.1]

I have stated the purpose of Flask 1.1

c [To ensure that minimal oxygen was released into the atmosphere, 
or introduced from the atmosphere, so that the meter recorded only 
the total amount of dissolved oxygen produced by photosynthesis.1]

I have identified why the flasks were sealed.1

d [It is expected that Flask 4 would have the fastest photosynthesis 
rate,1][as light is required for photosynthesis and the light intensity 
on Flask 4 is the greatest.2]

I have identified which flask is predicted to show the 
fastest rate.1

I have explained that this is due to the high light intensity.2

e [The temperature of the flasks, the length of time that the oxygen 
levels were measured, and the size of the plants.1]

 Other acceptable responses include:

• The health of plants, background light intensity, the time the 
plants spend in the flasks, CO2 levels in flasks at the beginning.

I have identified three variables that need to be controlled.1

f [Davis is most likely correct.1][The greater amount of light intensity 
will result in a faster photosynthesis rate.2][The greatest light 
intensity was on Flask 4 which results in the fastest rate, and the 
least light on Flask 1 results in the slowest rate.3]

I have identified which student is correct.1

I have described how light affects photosynthesis rate.2

I have related this to the graphs.3
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c [This inhibitor would bind to the allosteric site of an enzyme1][as it 
is a non-competitive inhibitor.2][This causes the enzyme’s active site 
to change shape, preventing any substrate from binding to the active 
site, ceasing the reaction.3]

I have stated that the inhibitor would bind to the allosteric 
site of the enzyme.1

I have mentioned that the inhibitor is non-competitive.2

I have explained that the enzyme’s active site will change 
shape which prevents substrate from binding to it.3

I have used appropriate biological terminology such as: 
allosteric, non-competitive, substrate, and active site.

15 a [Glucose.1]

I have identified the primary output of photosynthesis.1

b i [NADPH.1]

I have identified the loaded form of the proton carrier  
in photosynthesis.1

 ii  [The net production of NADPH is 01][as all NADPH is 
reconverted to NADP+ in the light-independent reaction.2]

I have stated the net production of NADPH.1

I have justified my answer.2

I have used appropriate biological terminology such as: 
NADPH, NADP+, light-independent reaction.

16 a  [Structure Z is the stroma1][and is the location of the light-
independent stage.2] 

I have named structure Z.1

I have identified the stage that occurs at structure Z.2

b [Plant A is from a roadside habitat1][as it has fewer thylakoid 
membranes, indicating that there is a large amount of light 
available,2][unlike the shaded rainforest habitat which is exposed to 
limited light and requires many thylakoids to meet  
photosynthetic needs.3]

I have identified the plant from the roadside habitat.1

I have explained why this plant has fewer 
thylakoid membranes.2

I have compared this to the other environment.3

I have used appropriate biological terminology such  
as: thylakoids.

c [The concentration of carbon dioxide available affects the rate of 
photosynthesis.1][As the concentration of carbon dioxide increases, 
the rate of photosynthesis increases until it plateaus due to other 
limiting factors such as light.2]

 Other acceptable responses include:

• Temperature affects the rate of photosynthesis. As temperature 
increases or decreases from the optimum, the rate of 
photosynthesis decreases. 

I have stated a factor.1

I have explained the relationship between the factor and 
the rate of photosynthesis.2

I have not discussed light as a factor.

d i  [Chloroplasts produce RNA through transcription, and this is a 
process that is evidence for endosymbiosis as it indicates that 
they survived independently once.1][Prokaryotes also undergo 
transcription to produce their own mRNA.2]

  Other acceptable responses include:

• Chloroplasts can translate proteins with their ribosomes from 
mRNA produced in transcription.

• Chloroplasts divide independently from the rest of the cell by 
binary fission.

• Chloroplasts replicate their circular DNA independently from 
the rest of the cell.

I have stated a process that supports the 
endosymbiosis theory.1

I have stated that prokaryotes share this process.2

I have used appropriate biological terminology 
such as: transcription, translation.

 ii  [Chloroplasts contain their own circular DNA molecule. This is 
a structural feature that supports the endosymbiosis theory,1]
[as prokaryotes also have a circular DNA molecule for the 
production of proteins2][which suggests that chloroplasts could 
survive independently.3]

  Other acceptable responses include:

• Chloroplasts are bound by a double membrane. This is  
consistent with the theory that prokaryotes were engulfed by  
ancestral eukaryotic cells. The inner membrane is from the 
 original prokaryote. The outer membrane is derived from the 
vesicular membrane, formed from the ancestral eukaryote. 

• Chloroplasts have their own ribosomes, which are a similar  
size to bacterial ribosomes.

I have stated a structural feature that supports the 
endosymbiosis theory.1

I have explained why this supports the endosymbiosis 
theory.2

I have explained that this suggests chloroplasts could 
survive independently.3

I have used appropriate biological terminology such as: 
circular DNA.

17 a  [Two inputs include carbon dioxide and water.1][Two outputs include 
glucose and oxygen.2]

 Other acceptable responses include:

• Input: NADP+, ADP + Pi.

• Output: water, NADPH, ATP.

I have stated two inputs of photosynthesis.1

I have stated two outputs of photosynthesis.2
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b [Oxygen gas.1]

I have stated what forms the bubbles.1

c [Grana.1]
 Other acceptable responses include:

• Thylakoid membrane.

I have stated where oxygen is produced.1

d [Chlorophyll.1]

I have identified the chemical that captures sunlight.1

e [If the light source is removed, then the rate of the light-dependent 
reaction will decrease1][as light is required to split water 
molecules.2][Therefore, the overall rate of photosynthesis  
will decrease.3]

I have stated that removing the light will decrease the rate 
of light-dependent reaction.1

I have outlined the role of light in photosynthesis.2

I have stated the effect on the entire photosynthesis 
process.3

I have used appropriate biological terminology such as: 
light-dependent reaction.

f [If the light source increases water temperature too much, the rate 
of photosynthesis will decrease.1][This is because the temperature 
could shift above optimal, causing enzymes involved  
in photosynthesis to denature.2]

I have stated that the rate of photosynthesis will decrease.1

I have explained why the rate decreases.2
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7A Cellular respiration and mitochondria
Theory review questions 

1 a Glucose b Mitochondrial matrix

c Aerobic cellular respiration d Cristae

e ATP f Anaerobic cellular respiration

g Endosymbiosis 

2 C 3 B

4 B 5 A

6 D

Exam-style questions

Within lesson

7 D 8 D

Multiple lessons

9 B 10 B 11 A

12 a [Lactic acid and ATP.1]

I have stated the outputs of anaerobic respiration 
in animals.1

b [C6H12O6 + 6 O2  6 CO2 + 6 H2O + 36 – 38 ATP1]

I have stated the chemical equation for aerobic 
respiration.1

c i  [Carbon dioxide + water   glucose + oxygen1] 

[6 CO2 + 6 H2O  C6H12O6 + 6 O2
2]

I have stated the word equation for photosynthesis.1

I have stated the balanced chemical equation 
for photosynthesis.2

 ii  [The presence of circular DNA1][and replication by 
binary fission.2]

  Other acceptable responses include: 

• The presence of ribosomes.

• The ability to produce proteins independently from the cell.

• Presence of a double membrane.

I have identified a similarity between chloroplasts, 
mitochondria, and prokaryotes.1

I have identified a second similarity between 
chloroplasts, mitochondria, and prokaryotes.2

d i [Anaerobic cellular respiration. 1]

I have identified which cellular respiration type occurs.1

 ii  [Oxygen is needed in aerobic respiration but not in anaerobic,1]
[and aerobic respiration occurs in the mitochondria, whereas 
anaerobic does not.2]

  Other acceptable responses include: 

• Aerobic respiration produces carbon dioxide and water, rather 
than lactic acid.

• Aerobic respiration produces more ATP per glucose molecule.

I have stated a difference between aerobic and 
anaerobic respiration in animals.1

I have stated a second difference between aerobic and 
anaerobic respiration in animals.2

I have used comparative language such as: whereas.

13 a  [The first technique transfers DNA from the mother's egg to a donor 
egg before fertilisation from the father's sperm occurs.1][In contrast 
to this late fertilisation, the second technique involves fertilisation 
from the father’s sperm first, followed by the transfer of fertilised egg 
material into a donor egg.2]

I have explained when fertilisation occurs in the  
first technique.1

I have explained when fertilisation occurs in the 
second technique.2

I have used comparative language such as: in contrast to.

b i  [Parents may be able to conceive a child that will not inherit 
mitochondrial diseases when they were previously unable to.1]

  Other acceptable responses include: 

• The research may lead to scientific breakthroughs that 
reduce the chances of other heritable diseases. 

• Parents will spend less on medical costs if their child does 
not have a mitochondrial disease.

I have identified a potential benefit of  using donor 
mitochondrial DNA for parents.1

 ii  [The price of undertaking the techniques may be too expensive, 
so there will be unequal access to the treatment.1]

  Other acceptable responses include: 

• The new techniques may have unforeseen side effects on the 
conceived baby. 

• The new techniques may not reduce the chance of the baby 
obtaining mitochondrial diseases later in life.

• Because it is a new technique, doctors may be unable to 
obtain perfect results every time.

I have identified a potential concern parents may have 
about using donor  mitochondrial DNA.1

c [They are said to have three parents as the DNA of three people is 
passed onto one child, the mother’s egg, the father’s sperm and the 
donor’s mitochondrial DNA.1]

I have explained why they are said to have three parents.1

Key science skills

14 a  [Sugar is an input in cellular respiration and required for the yeast 
cells to produce ATP.1]
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7B Aerobic cellular respiration
Theory review questions

1 a Pyruvate b NAD+

c Cytosol or cytoplasm d Glycolysis

e Mitochondrial matrix f Acetyl CoA

g FADH2 h Cristae

i ATP

2 D 3 C

4 A 5 D

Exam-style questions

Within lesson

6 D 7 C 8 A 9 D

Multiple lessons

10 C 11 A 12 B 13 D

14 a  [Output X is carbon dioxide1][and molecule Y oxygen.2]

I have identified output X.1

I have identified molecule Y.2

b Process Name of process(es) Site of process

M Light-dependent reactions grana of chloroplast

O Glycolysis cytoplasm

P Krebs cycle and electron 
transport chain

mitochondria

I have identified the site of the light-dependent reactions.

I have identified the process O.

I have identified the site of the Krebs cycle and ETC. 

15 a  [Structure Y is the mitchondria.1][It is the site of aerobic cellular 
respiration which produces the majority of energy/ATP for the cell.2]

I have named structure Y.1

I have described the role of structure Y.2

I have not described mitochondria as the powerhouse of 
the cell.

b  [An oxygen molecule crosses the plasma membrane (structure X)1]
[by simple diffusion2][down a concentration gradient3][as it is a 
small, hydrophobic molecule.4]

I have identified structure X.1

I have stated the process to cross the membrane.2

I have identified the direction of movement.3

I have justified my answer by referring to the chemical 
nature of oxygen.4

I have explained why the sugar solution was added.1

b [To ensure there was no exchange of gas with the environment.1]
[Interactions with the environment would impact the oxygen and 
carbon dioxide measurements.2]

I have explained why the container was sealed.1

I have explained why this is important for the experiment’s 
results.2

c i  [Oxygen is an input of aerobic cellular respiration in yeast,1][so 
the oxygen concentration in the container was reduced by 4% as 
it was used up.2]

I have identified how oxygen is related to 
aerobic respiration.1

I have explained the decrease in oxygen 
concentration.2

 ii  [Carbon dioxide is an output of the aerobic cellular respiration 
pathway in yeast1][and so aerobic respiration causes an increase 
of carbon dioxide concentration by 6% as it is produced.2]

I have identified how carbon dioxide is related to 
aerobic respiration.1

I have explained the increase in carbon 
dioxide concentration.2

d i  [Replication reduces the effect of outliers and random errors, 
which has the potential to increase the precision of results 1]
[however, the accuracy will likely be unchanged as replication 
does not reduce the impact of systematic errors.2]

I have described how replication impacts the precision 
of the experiment.1

I have described how replication impacts the accuracy 
of the experiment.2

I have used appropriate biological terminology such as: 
outliers, random errors, systematic errors.

I have used comparative language such as: however.

 ii  [Using more sophisticated measuring instruments increases the 
accuracy of the experiment by reducing systematic errors.1][The 
precision would also increase as better equipment reduces the 
chance of random errors.2]

I have described how using better measurement 
equipment impacts the accuracy of the experiment.1

I have described how using better measurement 
equipment impacts the precision of the experiment.2

I have used appropriate biological terminology such as: 
systematic errors, random errors.
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c  [The heart requires a large supply of ATP from mitochondria for 
contraction.1][Therefore, the heart requires a large number of 
mitochondria to function efficiently.2]

I have stated why the heart needs a large amount  
of energy.1

I have explained how this affects the number of  
structure Y.2

16 a  [Cellular respiration.1]

I have identified the metabolic process that  
produces energy.1

b  [Glucose + Oxygen  Carbon dioxide + Water + Energy1]

I have written the correct equation.1

I have not written the equation for photosynthesis.

I have not written chemical formulas.

c i  [Glycolysis,1][which occurs in the cytosol of the cell.2]

I have stated the process.1

I have stated the correct location in the cell.2

 ii  [Electron transport chain,1][which occurs on the cristae of 
the mitochondria.2]

I have stated the process.1

I have stated the correct location in the cell.2

d i   [The O2 produced is equal to the O2 used1][as the rate 
of photosynthesis is equal to the rate of aerobic cellular 
respiration.2]

I have explained how overall oxygen produced can  
equal zero.1

I have explained how this occurs with reference to 
metabolic processes.2

 ii   [At point N, O2 produced is greater than O2 used1][which means 
more photosynthesis is occurring than aerobic respiration,2] 
[as oxygen is an output for photosynthesis, but an input for 
aerobic cellular respiration.3]

I have compared O2 used to O2 produced at point N.1

I have stated which metabolic process is occurring to a 
greater extent.2

I have described the relevance of O2 with reference to 
the appropriate metabolic processes.3

 iii   [At point M, the graph plateaus because factors such as carbon 
dioxide availability become limiting factors.1]

I have explained why the graph plateaus.1

I have used appropriate biological terminology such as:  
limiting factor.

Key science skills

17 a  [The independent variable is temperature1][and the dependent 
variables are oxygen and carbon dioxide levels.2]

I have identified the independent variable.1

I have identified the dependent variables.2

b  [In aerobic cellular respiration, oxygen is an input of the electron 
transport stage,1][whereas carbon dioxide is an output of the Krebs 
cycle.2][Therefore, the experimental design should measure levels 
of both oxygen and carbon dioxide3][to determine if temperature 
affects certain stages of aerobic cellular respiration.4]

I have stated that oxygen is an input of the electron 
transport chain.1

I have stated that carbon dioxide is an output of the  
Krebs cycle.2

I have explained how the experimental design should 
factor this in.3

I have explained what the results can prove from the 
experimental design.4

c  [A systematic error.1]

I have identified the type of error.1

7C Anaerobic cellular respiration
Theory review questions 

1 a Ethanol b Yeast

c Lactic acid or Lactate d  Anaerobic cellular respiration

e Lactic acid fermentation

2 A 3 C

4 D

Exam-style questions

Within lesson

5 A 6 C 7 A

8 C 9 D 10 A

Multiple lessons

11 C 12 C 13 B

14 a  [Anaerobic cellular respiration,1][which produces two ATP per 
glucose molecule.2][Glucose is broken down into pyruvate which 
then reacts further to form lactic acid in animals or ethanol and 
carbon dioxide in yeast, bacteria, and plants.3]

I have named the process that produces ATP in the 
absence of oxygen.1

I have described the process with reference to ATP yield.2

I have described the process with reference to 
the product/s.3
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b i   [Carbon monoxide is a competitive inhibitor.1][As oxygen 
concentration increases, carbon monoxide is displaced from 
haemoglobin.2][This means that it must bind to the same site as 
oxygen3][and therefore, it must be a competitive inhibitor.4]

I have stated carbon dioxide’s mode of inhibition.1

I have identified a relationship between oxygen 
concentration and carbon monoxide binding.2

I have stated where oxygen and carbon monoxide bind 
to haemoglobin.3

I have used this information to support my conclusion.4

 ii  [Glycolysis (occurs in the cytosol) involves glucose being broken 
down into two pyruvate molecules, producing two ATP in the 
process.1][The Krebs cycle (occurs in the mitochondrial matrix) 
involves pyruvate being successively broken down into carbon 
dioxide, producing NADH, FADH2, and two ATP in the process.2] 
[The electron transport chain (on the mitochondrial cristae) 
involves NADH and FADH2 being unloaded. Oxygen is the final 
electron acceptor and binds with hydrogen ions to produce water 
and 32-34 ATP.3]

I have named and described the first stage of 
aerobic respiration.1

I have named and described the second stage of 
aerobic respiration.2

I have named and described the third stage of 
aerobic respiration.3

I have used appropriate biological terminology such 
as: glycolysis, the Krebs cycle, the electron transport 
chain, NADH, FADH2, ATP, pyruvate, carbon dioxide.

Key science skills

15 a [Ethanol, carbon dioxide, and ATP.1]

I have identified all of the products of anaerobic cellular 
respiration in yeast.1

I have not given lactic acid as a product.

b [Fermentation enables yeast cells to rapidly produce ATP in the 
absence of oxygen.1] 

I have explained the importance of fermentation in 
yeast cells.1

c [Both aerobic and anaerobic cellular respiration involve glycolysis.1]
[Anaerobic cellular respiration only produces two ATP per glucose 
molecule, whereas aerobic respiration produces 36-38 ATP per 
glucose molecule.2]

 Other acceptable similarities include: 

• Both involve reactions that occur in the cytosol. 

• Both use glucose as an input. 

• Both use NAD+ as an electron and proton carrier. 

 Other acceptable differences include: 

• Anaerobic cellular respiration produces ATP faster than 
aerobic respiration. 

7D Increasing and decreasing  
cellular respiration

Theory review questions 

1 a Optimal temperature b ATP

c Denaturation d  Electron transport chain (ETC)

2 A 3 C

4 D 5 A

Exam-style questions

Within lesson

6 B 7 D 8 D 9 A

Multiple lessons

10 D 11 A 12 C

13 a  [Danny is incorrect.1][When there is no environmental O2, there is no 
oxygen for aerobic respiration to occur.2][The CO2 is produced from 
anaerobic respiration.3]

I have evaluated Danny’s statement.1

I have explained the significance of no environmental O2.
2

I have explained where CO2 is produced.3

• Anaerobic cellular respiration cannot be sustained indefinitely 
due to a build-up of toxins (such as lactic acid), whereas aerobic 
respiration can be sustained indefinitely. 

• Anaerobic cellular respiration produces lactic acid whilst aerobic 
respiration produces carbon dioxide and water. 

I have stated a similarity between aerobic and anaerobic 
cellular respiration.1

I have stated a difference between aerobic and anaerobic 
cellular respiration.2

I have used comparative language such as: whereas, both. 

d i  [The independent variable is the concentration of oxygen.1] 
[The dependent variable is the amount of K. xylinus survival.2]

I have identified the independent variable.1

I have identified the dependent variable.2

 ii [An environment with no oxygen available.1]

I have described an anaerobic environment.1

 iii [Personal error.1]

I have identified the type of error.1

 iv  [There would be no growth of K. xylinus in the oxygenated 
group whilst there would be lots of growth of K. xylinus in the 
deoxygenated group.1]

I have stated results that would support the hypothesis 
that K. xylinus are obligate anaerobes.1
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b  [Deprivation of O2 means the root cells will undergo only anaerobic 
respiration to produce energy, which produces less ATP for growth or 
metabolism.1][Only respiring anaerobically results in a large amount 
of ethanol being produced,2][which in large amounts can be toxic 
and result in death of the root cells.3]

I have described the consequence for the plant root cells.1

I have outlined what is produced when this happens.2

I have explained why this can lead to plant death.3

c i   [The rate of aerobic respiration has reached its maximum due to 
the enzyme-catalysed systems working at full capacity, and no 
further intake of O2 can increase the rate.1]

I have explained why the graph plateaus.1

 ii   [Altering the glucose (or sucrose) availability could result in a 
higher plateau on the graph.1][If more glucose is present, more 
reactant is available to undergo the reaction and be turned into 
CO2, raising the graph.2]

I have stated the variable that could raise the  
graph’s plateau.1

I have described how this change could change  
the graph.2

Key science skills

14 a  [The independent variable is the species of yeast in container1][and 
the dependent variables are percentages of oxygen and ethanol at 
the start and end of the experiment.2]

I have identified the independent variable.1

I have identified the dependent variables.2

b i   [Aerobic cellular respiration.1]

I have identified which type of respiration can be 
measured using O2 levels.1

 ii   [This process is anaerobic cellular respiration.1][Without the use 
of oxygen, yeast cells anaerobically turn glucose into ethanol and 
carbon dioxide in a reaction that produces two ATP.2]

I have identified anaerobic respiration.1

I have described anaerobic respiration in yeast.2

I have used appropriate biological terminology such as: 
anaerobic, oxygen, ethanol, ATP.

c  [It is expected that the ethanol levels will be lower,1][as the high 
temperature is likely to denature the yeast enzymes responsible 
for both aerobic and anaerobic respiration, resulting in decreased 
ethanol production.2]

I have identified the expected change in ethanol levels.1

I have described why this change is expected.2

I have used appropriate biological terminology such as: 
dentaure, enzyme.

d i   [Personal error.1]

I have identified the error type.1

 ii   [The error lowers the class mean of percentage of oxygen at the 
start of the experiment.1]

I have identified which class mean has been impacted.1

 iii  [Besides sucrose availability, changing the temperature of  
each container could lower the rate of both respiration types.1] 
[If the temperature is changed to be further away from the 
optimal of the enzyme within the yeast it will lower the rate  
of both reactions.2]

  Other acceptable responses include: 

• Increasing or decreasing the pH levels away from the optimal 
pH for the enzymes involved in respiration will decrease 
enzyme efficiency and therefore will decrease the overall 
respiration rate within yeast.

I have identified a factor other than sucrose that could 
lower respiration rates.1

I have explained why changing this factor could lower 
respiration rates.2

I have used appropriate biological terminology such as: 
optimal, enzyme.

Chapter 7 Review
SECTION A

1 D 2 A 3 A 4 C

5 C 6 C 7 B 8 B

9 B 10 C 11 C 12 C

13 C 14 C 15 D

SECTION B

16 a [Aerobic cellular respiration.1]

I have correctly identified the metabolic process.1

I have not just stated cellular respiration.

I have used appropriate biological terminology such as: 
aerobic.

b [As there is a lack of oxygen, cells will rely more on anaerobic 
respiration1][which produces ATP and lactic acid.2][As lactic acid is 
an acid, it will decrease the overall pH within cells.3]

I have explained that there is a greater reliance on the 
anaerobic process.1

I have stated the products of anaerobic respiration.2

I have explained the effect on pH of cells.3

c [At high altitudes and low oxygen concentrations, the tree relies 
more on anaerobic respiration, which is known as fermentation.1]
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[This process produces ethanol and carbon dioxide as products 
which cannot be metabolised.2][Ethanol is toxic and eventually 
accumulates enough to kill the organism.3]

I have explained that there is a greater reliance 
on fermentation.1

I have stated the products of fermentation.2

I have stated that ethanol is toxic for the plant.3

I have used appropriate biological terminology such as: 
fermentation, ethanol, metabolised, toxic.

17 a  [Anaerobic respiration allows a cell to produce ATP very quickly in 
the absence of oxygen.1][This is useful from a survival perspective 
as a mammal may need to produce ATP after using up all available 
oxygen in muscles, such as when rapidly escaping danger.2]

I have described a useful characteristic of anaerobic 
respiration.1

I have explained how this characteristic might benefit 
a mammal.2

b [Lactic acid, ATP.1]

I have identified all products of anaerobic respiration in 
mammal cells.1

I have not stated: carbon dioxide, water, ethanol.

c [The rate of cellular respiration increases when the temperature 
increases, and is greatest at the optimal temperature of the enzymes 
involved in cellular respiration, but above this optimal the rate 
decreases.1][At temperatures lower than optimal, enzymes have 
less kinetic energy and move slower, resulting in a lower respiration 
rate.2][At temperatures higher than optimal, enzymes can denature, 
also lowering respiration rate.3]

I have described the relationship between temperature 
and respiration rate.1

I have explained the effect of lower temperatures on 
enzyme activity.2

I have explained the effect of higher temperatures on 
enzyme activity.3

d [Anaerobic respiration and aerobic respiration both involve 
glycolysis.1][Anaerobic respiration only produces 2 ATP per glucose 
molecule, whereas aerobic respiration produces 36-38 ATP per 
glucose molecule.2]

 Other acceptable similarities include:

• Both involve reactions that occur in the cytosol.

• Both use glucose as an input.

• Both use NAD+ as an electron and proton carrier.

 Other acceptable differences include:

• Anaerobic respiration produces ATP faster than 
aerobic respiration.

• Anaerobic respiration cannot be sustained indefinitely due to a 
build-up of toxins, whereas aerobic respiration can be sustained.

• Anaerobic respiration produces lactic acid whilst aerobic 
respiration produces carbon dioxide and water.

I have stated a similarity between anaerobic respiration 
and aerobic respiration.1

I have stated a difference between anaerobic respiration 
and aerobic respiration.2

I have used comparative language such as: 
whereas, both.

18 a Stage Location inputs Outputs

Glycolysis Cytosol ADP + Pi

Glucose

NAD+ + H+

2 ATP

Pyruvate

NADH

the Krebs 
cycle

Matrix ADP + Pi

NAD+ + H+

Acetyl CO-A

FAD + 2 H+

2 ATP

NADH

CO2

FADH2

Electron 
transport 
chain

Cristae FADH2

32-34 ADP 
+ Pi

NADH

Oxygen

FAD + 2 H+

32-34 ATP

NAD+ + H+

water

I have correctly identified each of the blanks in the table.

b i  [As hydrogen cyanide is a non-competitive inhibitor, it binds to 
an allosteric site on the enzyme1][and alters the structure of the 
active site.2][Consequently, the substrate can no longer bind to 
the active site.3]

I have stated that hydrogen cyanide does not bind to 
the active site.1

I have explained that this alters the structure of the 
active site.2

I have stated that this prevents substrate from binding 
to the active site.3

I have used appropriate biological terminology such as: 
allosteric site, active site, substrate, enzyme.

I have referred to the scenario in my response.

 ii  [Hydrogen cyanide prevents the electron transport chain from 
operating1][which stops aerobic cellular respiration.2][Aerobic 
cellular respiration is required to produce sufficient ATP to sustain 
life.3][Therefore, inhibition by hydrogen cyanide is lethal.4]

I have explained that hydrogen cyanide stops the 
electron transport chain.1

I have explained the effect on aerobic cellular 
respiration.2

I have described the importance of aerobic cellular 
respiration.3

I have linked the lack of ATP produced with the survival 
of the cell.4

I have referred to the scenario in my response.
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19 a [The cytosol.1]

I have identified where ethanol would be produced in a 
yeast cell.1

b [Ethanol concentration would stay the same.1][Ethanol is only 
produced in anaerobic respiration,2][and as there is oxygen present 
in the container, aerobic respiration would occur rather than 
anaerobic respiration.3]

I have correctly identified whether ethanol concentration 
would increase, stay the same, or decrease.1

I have explained when ethanol is produced.2

I have explained my prediction.3

c 

CO2 concentration
20

15
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5

30 60
Time (min)

%
 O

xy
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n

I have identified that the concentration of carbon 
dioxide increases.

I have identified that the carbon dioxide concentration rate 
of increase is similar (but opposite) to the rate of change in 
oxygen concentration.

I have started my graph from a concentration of 0.

d [Krebs Cycle,1][mitochondrial matrix.2]

I have identified the stage of cellular respiration.1

I have identified the location of this stage.2
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Chapter 8: Cell signals

8B Living things communicate  
using chemicals

Theory review questions

1 a Pheromones b Signalling molecule

c Cytokines d Hormones

e Neurotransmitters, 
or neurohormones

2 A 3 C

4 C 5 D

Exam-style questions

Within lesson

6 A 7 C 8 B 9 D

10 B 11 C 12 B 13 D

14 D 15 B

Multiple lessons

16 a  [Auxin.1]

I have identified the plant hormone responsible 
for phototropism.1

b [Gibberellins,1][which act as a growth accelerator in plants.2]
 Other acceptable responses include:

• Cytokinins, which control cell division and the growth of  
lateral branches.

• Abscisic acid, which controls seed and bud dormancy and  
helps overcome stresses such as droughts.

• Ethylene, which regulates the ripening of fruits, and when fruits 
and leaves drop.

I have identified a hormone in plants other than auxin.1

I have briefly described its function.2

c [6 CO2 + 6 H2O               C6H12O6 + 6 O2.
1]

I have stated the balanced and simplified chemical 
equation for photosynthesis.1

I have not included H2O on the products side of  
the equation.

d i  [The endocrine system.1]
   Other acceptable responses include:

• The endocrine glands of the body.

I have stated where human hormones are produced.1

 ii  [In humans, hormones are secreted by endocrine glands into the 
bloodstream and transported around the body,1][before exiting 
the blood and binding to a target cell, causing a response.2]

I have described how hormones are transported away 
from the point of secretion.1

I have stated how hormones then impact target cells.2

sunlight
chlorophyll

I have correctly identified the two independent 
variables.1

I have correctly identified the dependent variable.2

 ii  [Stimuli: amino acid concentration and temperature.1][Response: 
GCN4 gene expression.2]

I have correctly classified the stimuli.1

I have correctly classified the response.2

b i  [When the concentration of amino acids are high, GCN4 gene 
expression decreases. However, expression does not sink below 5 
AU. When the concentration of amino acids are low, GCN4 gene 
expression increases up to 10 AU when amino acid concentration 
is 0 mg/L.1]

I have described the relationship between GCN4 gene 
expression and amino acid concentration.1

I have used data in my response.

 ii  [This relationship suggests that low amino acid concentrations 
stimulate the expression of the GCN4 gene.1]

I have suggested a plausible mechanism to describe 
the relationship between amino acid concentration  
and GCN4 gene expression.1

c [GCN4 is a regulatory gene,1][as its expression can influence the 
expression of other genes.2]

I have identified that GCN4 gene is a regulatory gene.1

I have justified my answer with reference to the definition 
of a regulatory gene.2

d [The scientists could have included a control where they measured the 
GCN4 gene expression under standard environmental conditions.1]

 Other acceptable responses include: 

• Increased the sample size of the experiment.

• Replicating the treatments.

I have suggested a suitable method for increasing the 
reliability of the results.1

e [A shortage of amino acids would prevent the production of proteins.1]
[A lack of these proteins could harm certain cellular functions.2]

I have explained that a lack of amino acids would affect the 
production of proteins.1

I have explained that a lack of these proteins would harm 
cellular function.2
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Multiple lessons

12 C 13 A 14 D 15 C

16 a [Hormone.1]

I have identified what type of signalling molecule insulin is.1

b [It is hydrophilic.1]
 Other acceptable responses include:

• Lipophobic.

• Polar.

• Protein-based.

I have stated a key aspect of the nature of insulin.1

c i [Because glucose is a large, polar molecule.1]
  Other acceptable responses include:

• Hydrophilic.

• Lipophobic.

I have stated why glucose can’t freely cross the  
plasma membrane.1

 ii  [Facilitated diffusion1][is a passive form of transport that does 
not require an energy input.2]

I have identified the mode of transport for insulin in  
this scenario.1

I have stated whether energy is required in this mode 
of transport.2

 iii [Movement occurs down the concentration gradient.1]

I have identified which direction movement occurs.1

d [The hormone insulin is secreted by the pancreas into the 
bloodstream,1][where it then travels to the muscle cells, exits the 
stream, and binds to specific receptors on target cells.2]

I have stated that insulin enters the bloodstream.1

I have described that it can travel to target cells.2

Key science skills

17 a [Cell Y.1]

I have identified the cell/s where second messengers  
are present.1

b [Cell Y,1][as the one signalling molecule, molecule B, has lead to 
multiple second messengers transducing a signal within the cell.2]

I have identified the cell/s where signal amplification occurs.1

I have explained what signal amplification means.2

I have referred to the scenario in my response.

c [The hydrophilic signalling molecule arrives at a transmembrane 
receptor, where it binds and causes a change in the receptor.1][The 
change activates a second messenger within the cell, which carries 
the signal to proteins and other second messengers in a cascade.2]

[The signal undergoes amplification to increase the number of 
second messengers,3][before arriving at enzymes where responses 
are initiated.4]

I have described how signal transduction begins in Cell Y.1

I have explained how a cascade of second messengers 
occurs.2

I have identified that signal amplification occurs.3

I have stated that the process ends with a cellular response.4

I have used appropriate biological terminology such as: 
hydrophilic, signalling molecule, transmembrane receptor, 
second messenger, amplification, enzymes.

d [Akmed is correct,1][as nonpolar substances can easily cross the 
plasma membrane whereas polar ones cannot.2][This is due to the 
majority of the plasma membrane being made of nonpolar fatty acid 
tails.3][Although Ling is correct that water can cross the membrane, 
it is an exception as it is a small polar molecule and other, larger 
polar molecules cannot cross.4]

I have identified which student is correct.1

I have stated which molecules can diffuse across the 
plasma membrane.2

I have explained the polarity of the plasma membrane.3

I have explained why the other student is incorrect.4

8D Apoptosis
Theory review questions

1 a Cancer b Blebbing

c T cytotoxic cell d Mitochondrial pathway  
or intrinsic pathway

e Apoptosis f Apoptotic bodies

2 A 3 D

4 C 5 A

Exam-style questions

Within lesson

6 B 7 B 8 D 9 C

10 D 11 B 12 B 13 A

14 a  [No,1][apoptosis in this cell is caused by internal DNA damage and 
would be initiated via the mitochondrial pathway.2]

I have stated if apoptosis is initiated via the death  
receptor pathway.1

I have justified my response.2

I have used appropriate biological terminology such as: 
mitochondrial pathway.

b  [During apoptosis, phagocytes receive external signals and move to 
the dying cell.1]
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• Non–polar.

• Lipid/fatty acid based.

• Lipophilic/lipid soluble.

I have recognised what this suggests about the nature of 
thyroid hormones.1

d [Each cell type may contain different receptor proteins, causing 
different cellular responses.1]

 Other acceptable responses include:

• Each cell type may produce different secondary 
messenger molecules.

I have suggested what may cause the different cellular 
responses observed.1

17 a  [A reduction in the rate of apoptosis could result in the presence of 
skin cells between mice digits, causing webbed paws.1]

 Other acceptable responses include:

• The formation of tumours within mouse paws.

I have identified a potential consequence of reduced 
apoptosis in mouse paws.1

b [Apoptosis assists in the removal of virally infected cells1][and 
removes damaged or non–functioning cells.2]

 Other acceptable responses include:

• Removal of unnecessary cells.

• Prevent the formation of tumours within mice.

• Apoptosis ensures that the total number of cells in an organism 
remains constant.

I have stated a benefit of apoptosis in mice.1

I have stated a second benefit of apoptosis in mice.2

I have not stated that apoptosis assists in paw formation.

I have not just stated that apoptosis removes infected cells 
or pathogens.

I have used appropriate biological terminology such as: 
virally infected cells, non-functioning cells.

c [Internal cellular damage1][can trigger the mitochondria to release 
cytochrome–c.2][Cytochrome–c is recognised by internal receptors, 
activating caspase enzymes3][and the process of apoptosis.4]

I have explained that intrinsic signalling pathway is 
initiated by internal cellular damage.1

I have stated that mitochondria release cytochrome–c.2

I have explained that cytochrome–c activates caspases.3

I have stated that this triggers the process of apoptosis.4

I have used appropriate biological terminology such as: 
cellular damage, mitochondria, cytochrome–c, 
caspase enzymes.

d [Caspases cleave specific proteins in the cell as part of a cascade 
of reactions.1]

I have stated the role of caspases in apoptosis.1

18 a [It detects contact with T–cells.1]

I have explained why the macrophage is regarded as 
the receptor.1

b i [This suggests that α–TNF is a hydrophilic molecule.1]
  Other acceptable responses include:

• Protein–based.

• Polar.

• Lipophobic.

• Water soluble.

I have described the nature of the α–TNF molecule.1

 ii  [The binding of the signalling molecule to a receptor alters the 
protein structure, triggering a response within the cell.1][This 
intracellular response can result in the production of secondary 
messenger molecules2][and a cascade of events to occur, 
eventually leading to a cellular response (such as apoptosis).3]

I have explained how the signalling molecule triggers 
an intracellular response.1

I have explained this can trigger the production of 
secondary messenger molecules.2

I have explained this would be followed by a cascade of 
events culminating in a cellular response.3

I have used appropriate biological terminology such 
as: binding, signalling molecule, receptor, secondary 
messenger molecules, cascade of events.

c TNFR1

α-TNF cell
membrane

I have included the TNFR1 death signalling receptor.

I have included the cell membrane.

I have included the α–TNF death signalling molecule in 
my diagram.

d [Specific enzymes, such as caspases, are activated within the cell.1]
[These enzymes cleave specific proteins which leads to intracellular 
content digestion2][causing the cell to shrink and bleb.3][After 
blebbing, the cell breaks up4][into apoptotic bodies5][which are then 
recognised and are digested by phagocytes.6]

I have stated that enzymes are activated within the cell.1

I have explained that intercellular materials are digested.2

Chapter 8: Cell signals708 





Chapter 9: Dealing with Disease

9A Introducing antigens and pathogens!
Theory review questions 

1 a Cellular pathogen b Antigen

c Major histocompatibility  
complex (MHC) proteins

d Bacteria

e Viruses f Prions

g Parasites

2 B 3 C

4 A 5 B

Exam-style questions

Within lesson

6 A 7 C 8 B 9 B

10 B 11 C 12 A

13 a  [The rhesus protein is the antigen1][because it is a molecule that is 
recognised as non-self by the mother’s immune system and initiates 
a response.2]

I have stated the role of the rhesus protein as an antigen.1

I have explained my response.2

b [No,1][because the fetal blood cells aren’t causing disease in  
the mother.2]

I have stated whether fetal blood cells are pathogens.1

I have explained my response.2

Multiple lessons

14 D 15 A 16 C 17 A

Key science skills

18 a  [Bacteria.1]
 Other acceptable responses include: 

• Fungi.

I have correctly stated the type of pathogen that is present.1

b [No.1][A control would have been an agar plate with pathogen broth 
present but no medication applied to it.2]

I have correctly stated whether a control was used.1

I have stated what a control would be in this experiment.2

c [A control group would have allowed Sharon to determine the 
extent to which the medication was influencing the bacterial growth 
by allowing her to compare how much the bacteria grew without 
the medication present to how much they grew with the different 
concentrations of the medication.1]

I have explained why a control would have been important 
in this experiment.1

I have referred to the scenario in my response.

d [Personal error.1]

I have correctly identified the type of error that has  
taken place.1

9B The first line of defence
Theory review questions

1 a Stomata b Chemical barriers

c Cuticle d Lysozyme

e Physical barriers

2 A 3 D

4 C 5 A

Exam-style questions

Within lesson

6 C 7 B 8 B 9 B

10 C 11 B 12 D

Multiple lessons

13 A

14 a  [Mucus traps inhaled bacteria1][and cilia beat the trapped bacteria 
up from the airways into the throat, where they are swallowed and 
destroyed by the gastrointestinal tract.2]

I have explained how mucus traps bacteria.1

I have explained the role of cilia in preventing infection.2

b [Presence of non-pathogenic bacteria in the gut1][and bacteria on the 
surface of the skin.2]
Other acceptable responses include:

• Non-pathogenic organisms in the vagina.

I have identified one microbiological barrier and its 
location in humans.1

I have identified a second microbiological barrier and its 
location in humans.2

15 a  [Gut flora compete with pathogenic bacteria for space and 
resources, potentially challenging their survival and preventing them 
from thriving and causing infection.1]

I have explained how normal gut flora can prevent infection.1

b [Digestive enzymes in saliva1][and stomach acid.2]
Other acceptable responses include: 

• Acidic sweat.

• Antibacterial earwax.

• Antimicrobial proteins in semen.

• Protective enzymes in eyes.

• Low pH in the vagina.

I have identified one chemical barrier in animals.1

I have identified a second chemical barrier in animals.2
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9D The third line of defence
Theory review questions 

1 a Plasma cell b Immunological memory
 

c T cytotoxic cell d Antibody
 

e Cytokines f Variable region 

g T helper cell 

2 C 3 A

4 B

Exam-style questions

Within lesson

5 B 6 A 7 C 8 B

9 a  [Activated T helper cells release cytokines to stimulate selected B 
cells.1][Selected B cells would then differentiate to produce plasma 
cells2][and secrete antibodies into the bloodstream.3][B cells would 
also differentiate into memory cells,4][allowing for long-lasting 
immunity in the affected individual.5] 

I have stated that T helper cells would release cytokines.1

I have stated B cells would differentiate into plasma cells.2

I have described the role of plasma cells.3

I have stated B cells would differentiate into  
memory cells.4

I have described the role of B memory cells.5

b [Activated T helper cells release cytokines to stimulate selected T 
cells.1][Selected T cells would then differentiate to produce cytotoxic 
T cells2][and memory T cells.3][Cytotoxic T cells then go on to kill 
infected or abnormal cells via the release of chemicals that induce 
apoptosis.4][T memory cells reside in the body for a long time and 
allow the individual to mount a faster response upon re-exposure to 
the same pathogen.5]

b i [Dendritic cells and macrophages.1]

I have identified two innate types of antigen-
presenting cells.1

I have not stated neutrophils.

 ii  [Antigen-presenting cells phagocytose pathogens/foreign 
material1][and present antigens on their surface2][to specific 
cells of the adaptive immune system.3]

I have stated that antigen-presenting  
cells phagocytose.1

I have stated that antigen-presenting cells present 
antigens on their surface.2

I have stated that antigen-presenting cells interact with 
cells of the adaptive immune system.3

I have used appropriate biological terminology such as: 
phagocytose, pathogens, antigen, adaptive  
immune system.

Multiple lessons

16 C 17 A

18 a [Lysozymes, complement proteins, and cytokines.1]
 Other acceptable responses include: 

• Venom inhibitors.

• Interferons.

I have identified three chemicals from the innate 
immune system.1

b [They are non-specific and respond to all pathogens in the 

same manner.1]
 Other acceptable responses include:

• They respond immediately/rapidly to pathogens.

I have stated a defining property of the innate 
immune system.1

Key science skills

19 a  [That different concentrations of pathogenic bacteria would cause 
different levels of neutrophils and histamines in the skin.1] 

I have stated the hypothesis of the scientists.1

b [A control group was used in this experiment.1][The mouse that 
wasn’t infected with pathogenic bacteria served as the control.2]

I have stated that a control group was used.1

I have stated which mouse served as the control.2

c [No.1][In order to make a sound conclusion about this, the scientists 
would have to conduct their experiment on a larger population  
of mice.2]

 Other acceptable responses include: 

• The scientists would have had to replicate their experiment  
multiple times.

• More leukocytes and molecules of the innate immune system 
need to be measured.

I have stated whether the experiment would have allowed 
scientists to make a sound scientific conclusion.1

I have explained my response.2

d [Neutrophils would phagocytose and destroy the pathogenic 
bacteria.1][Histamine would cause vasodilation, allowing more  
blood and leukocytes to reach the site of infection.2]

I have explained the role of neutrophils.1

I have explained the role of histamine.2

I have used appropriate biological terminology such as: 
phagocytose, vasodilation.
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Exam-style questions

Within lesson

5 B 6 A 7 C

8 a  [Bone marrow and the thymus.1][Bone marrow produces immature 
B and T cells, and is responsible for the maturation of B cells.2][The 
thymus is the site of the maturation of immature T cells.3]

I have stated the two primary lymphoid organs.1

I have explained the role of bone marrow in the  
lymphatic system.2

I have explained the role of the thymus in the 
lymphatic system.3

b [Secondary lymphatic organs contain mature lymphocytes1][and are 
responsible for the initiation of the adaptive immune response via 
clonal selection and lymphocyte differentiation.2]

I have stated mature lymphocytes are present in 
secondary lymphoid organs.1

I have stated that secondary lymphoid organs initiate the 
adaptive immune response.2

c i [Afferent lymphatic vessels carry lymph fluid to the lymph node.1]

I have explained the role of afferent lymphatic vessels.1

 ii  [Helper T cell.1][This cell then goes on to drive the processes  
of B cell and T cell cloning and differentiation in the adaptive 
immune response.2]

  Other acceptable responses include: 

• Immature T cell. This cell then goes on to be selected and 
differentiate into memory T cells and cytotoxic T cells.

I have stated the correct cell type.1

I have explained the role of this cell.2

Multiple lessons

9 D 10 A

11  a  [Macrophages are antigen-presenting cells.1][This means that after 
they engulf and destroy a pathogen they display antigens on their 
surface and present these antigens on MHC II to T cells in the  
lymph nodes.2]

I have stated that macrophages are 
antigen-presenting cells.1

I have stated the role of antigen-presenting cells.2

b i  [Patient’s with ALL are unable to form mature T cells.1][T cells 
would normally be selected for and undergo clonal differentiation 
into cytotoxic T cells that would kill infected cells,2][however 
because there are no mature T cells to be selected this would  
not occur.3]

  Other acceptable responses include: 

• Patients will ALL are unable to form mature B cells, which 
means that B cell clonal selection and differentiation into 
antibody-producing plasma cells does not occur and therefore 
antibodies against the virus are not able to be produced in 
significant numbers. 

I have stated that the patients would not have 
 mature lymphocytes.1

I have stated what normally occurs in the 
adaptive response.2

I have explained that this would not occur in an 
ALL patient.3

 ii  [Patients with ALL are unable to produce mature B cells1][and 
therefore the process of B clonal selection and differentiation 
would not occur in the lymph node.2][These patients therefore 
would be unable to mount an effective humoral response against 
the pathogen.3]

I have stated that ALL patients do not produce B cells.1

I have explained that B cell clonal selection and 
differentiation would not occur.2

I have stated the consequence of this for the patient.3

I have not suggested that T cell differentiation would 
not occur, because the pathogen is not intracellular. 

Key science skills

 12  a [Dendritic cells and macrophages.1]

I have named the two types of antigen-presenting cells.1

b i  [The independent variable is the application of S. epidermidis to 
the skin.1][The dependent variables are the levels of APCs, levels 
of Tc cells, and the growth of the pathogenic fungus.2]

I have correctly identified the independent variable.1

I have correctly identified the dependent variables.2

 ii  [Firstly, the lymphatic system in this experiment would serve as 
the means of transport for the pathogen and antigen-presenting 
cells to the lymph nodes.1][Secondly, once they arrive at the 
lymph node, the lymphatic system would be the site of selection, 
cloning, and differentiation.2]

  Other acceptable responses include: 

• The lymphatic system would drain fluid from the tissues of 
the mice.

I have stated one function of the lymphatic system.1

I have stated a second function of the 
lymphatic system.2

I have signposted my response using terms such as: 
firstly, secondly.
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I have stated one inflammatory response and explained 
its function.1

I have stated another inflammatory response and 
explained its function.2

I have stated a third inflammatory response and explained 
its function.3

I have signposted my response using terms such as: 
firstly, secondly, thirdly.

17 a  [Cytotoxic T cells recognise and kill abnormal/infected cells1] 
[via cytotoxic chemicals such as perforins.2]

I have stated that cytotoxic T cells recognise and kill 
abnormal cells.1

I have stated how cytotoxic T cells kill abnormal cells.2

b [Antibodies bind to bacteria causing agglutination, making it easier 
for them to be phagocytosed.1][Macrophages consume and 
kill pathogens.2]

 Other acceptable responses include:

• Macrophages present antigens on their surface to stimulate the 
adaptive immune system.

I have stated how antibodies inhibit the spread 
of bacteria.1

I have stated how macrophages inhibit the spread 
of bacteria.2

c [Group 1.1]

I have correctly identified the experimental group.1

d [The independent variable was the presence of S. epidermidis on the 
skin.1][The dependent variable was the levels of APCs and Tc cells in 
the skin of the mice, and the rate of pathogenic growth.2]

I have identified the independent variable.1

I have identified the dependent variable.2

e [Personal error.1]

I have correctly identified the type of error.1

18 a  [Afferent lymphatic vessels.1][These carry lymph into the 
lymph node.2]

I have named the structure.1

I have stated the role of the structure.2

b [B lymphocytes are present1][and undergo differentiation if 
presented with a specific antigen.2]

 Other acceptable responses include:

• T helper cells are presented with antigens from antigen-presenting 
cells and stimulate other cells of the adaptive immune system.

• Cytotoxic T cells proliferate and travel to the site they’re needed 
at when stimulated by T helper cells.

I have stated one cell type present.1

I have described the role of this cell type.2
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10A How to become immune
Theory review questions 

1 a Artificial active immunity b Herd immunity

c Artificial passive immunity d Natural active immunity

e Vaccine f Natural passive immunity

g Booster shot

2 A 3 C

4 A 5 C

Exam-style questions

Within lesson

6 B 7 A 8 B

9 a  [Artificial, active immunity.1][This immunity is artificial because 
the vaccine injection is a medical intervention2][and active as the 
vaccination contains antigens to the Bordetella pertussis bacteria 
which stimulates an adaptive immune response.3]

I have identified the correct type of immunity.1

I have explained why this immunity is artificial.2

I have explained why this immunity is active.3

b i  [Booster vaccine.1][Booster vaccines work by producing  
more memory B cells2][and are necessary because B memory 
cells die over time. As they die, a person’s immunity to a  
disease decreases.3]

I have stated the correct type of vaccine.1

I have stated how booster vaccines work.2

I have explained why booster vaccines are necessary.3

I have used appropriate biological terminology such as: 
memory B cell. 

 ii  [Herd immunity,1][which aims to protect unvaccinated 
individuals by having a high rate of vaccination within a 
population.2][By doing so, the number of people who become ill 
with pertussis and could infect the unvaccinated population is 
low, meaning it is unlikely the disease will spread to babies who 
have not been vaccinated.3]

I have stated the correct type of immunity.1

I have explained what herd immunity aims to achieve.2

I have explained the benefit of herd immunity.3

I have referred to the scenario in my response. 

Multiple lessons

10 D

11 a  [Artificial, active immunity.1]

I have identified the correct type of immunity.1

b  [Secondary lymphoid tissues.1]

 Other acceptable responses include: 

• Lymph node.

• Spleen.

I have identified the correct location.1

c  [Antibodies could neutralise the toxin by blocking its active site1] 
[or could opsonise the toxin, making it easier for phagocytosis  
to occur.2]

 Other acceptable responses include: 

• Antibodies could immobilize the toxin. 

• Antibodies could agglutinate the toxin.

I have described one way in which antibodies prevent 
toxins from harming the body.1

I have described a second way in which antibodies  
prevent toxins from harming the body.2

12 a  [If a child does not receive a full vaccination schedule their immune 
system will not be stimulated to produce enough memory cells and 
antibodies to confer immunity.1][They will, therefore, be susceptible 
to infection by the pathogen.2]

I have stated the impact of not completing a vaccination 
schedule on a person’s immune system.1

I have stated they will still be susceptible to disease.2

b  [Access and acceptance.1]

I have stated the two factors provided by the article.1

c  [Parents who refuse to get their children vaccinated are 
overrepresented in the media.1]

I have stated the reason provided by the article.1

d  [The parents who are supportive of vaccination but fear potential 
negative outcomes and therefore do not vaccinate their children 
fully.1][This group should be targeted because they make up 6% of 
parents in Australia, as opposed to parents who completely reject 
vaccines who only comprise 2% of the population.2]

I have chosen the correct group of parents.1

I have explained why this group should be targeted.2

I have used evidence from the article in my response.

e  [Improving access to vaccines,1][addressing concerns of hesitant 
parents,2][and educating anti-vaccination parents about the benefits 
of vaccination.3]

 Other acceptable responses include: 

• Decrease the media exposure given to non-vaccinating parents.

I have stated one possible strategy.1

I have stated a second possible strategy.2

I have stated a third possible strategy.3
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Key science skills

13 a  [A vaccine is an altered form of a pathogen that is used to trigger 
an immune response.1][Antigen-presenting cells present antigens 
of the inactivated pathogen to T and B cells, selecting those which 
have complementary receptors to the antigen.2][These lymphocytes 
then undergo clonal selection and differentiation, resulting in the 
formation  
of B and T memory cells.3][These reside in the body for extended 
periods of time, and will enable the body to mount a larger, faster 
response to the pathogen if it is re-encountered.4]

I have stated the definition of a vaccine.1

I have described the initiation of the adaptive  
immune system.2

I have described the process of clonal selection and 
differentiation.3

I have explained how immunological memory results  
in lifelong immunity.4

I have used appropriate biological terminology such as: 
antigen-presenting cell, complementary, lymphocyte,  
B cell, T cell, memory cell, pathogen.

b i  [Intervention A is an injection of VZV antibodies.1] 
[This is because the number of antibodies in Patient 1’s blood 
immediately increases on day 1 and then begins to decrease.2]
[Intervention 2 is an injection with the VZV vaccine.3] 
[This is because the number of antibodies increases gradually  
in Patient 2 as their adaptive immune system takes a few days  
to mount a specific response to the pathogen.4]

  Other acceptable responses include: 

  •  Intervention A is an injection of antibodies because no lasting 
immunological memory is formed.

  •  Intervention B is an injection of the VZV vaccine because 
immunological memory is formed.

I have correctly identified intervention A.1

I have referred to the graph of Patient A in my response.2

I have correctly identified intervention B.3

I have referred to the graph of Patient B in my response.4

 ii  [A second injection with the VZV vaccine.1][This is needed 
because typically more than one dose of a vaccine is required to 
produce enough B memory cells to confer lifelong immunity.2]

I have stated what occurred on day 22.1

I have explained why this is necessary.2

I have not stated that a booster vaccine was given.

    iii  [Artificial, passive immunity.1]

I have stated the correct type of immunity.1

c  [A control was not used in this experiment.1][A control would have 
involved not injecting a person with anything.2]

 Other acceptable responses include: 

• A control could have involved injecting them with a placebo. 

I have stated a control was not used.1

I have explained what a control would have been.2

10B When the immune system goes wrong
Theory review questions 

1 a Autoantibodies b Human immunodeficiency 
virus (HIV)

c lgE d Autoreactive

e Pollen f Myelin/myelin sheath

g Immunodeficiency

2 A 3 A

4 D 5 C

Exam-style questions

Within lesson

6 B 7 C 8 D

9 a  [Autoreactive T cells are meant to be destroyed during 
development.1][In a person with multiple sclerosis, however, 
it’s likely this process hasn’t occurred and they still have  

autoreactive T cells present in their immune system.2] 
[These cells recognise the cells that produce myelin as 
foreign and cause them to undergo apoptosis.3]

 Other acceptable responses include: 

• Due to an individual’s immune system not being stimulated 
enough during development they may develop autoreactive 
lymphocytes. 

• A person with multiple sclerosis has autoreactive B cells that 
destroy myelin.

I have stated that autoreactive T cells are  
normally destroyed.1

I have stated that MS sufferers have autoreactive T cells.2

I have stated that autoreactive T cells destroy  
myelin-producing cells.3

b [Muscles are controlled by electrical signals through the nervous 
system.1][Since MS damages nerves and affects their ability to 
transmit electrical impulses, including the nerves responsible for 
muscle movement,2][weakening of muscles would be experienced 
by a person with MS.3]

I have stated muscles are controlled by electrical signals.1

I have stated that MS disrupts normal  
electrical transmission.2

I have explained that this would cause muscle weakening.3

10 a  [Firstly, the airways of the hay fever sufferer would have 
previously been exposed to pollen,1][and their B cells would have 
inappropriately responded to it by producing large amounts of IgE.2]
[These IgE antibodies would have bound to mast cells.3][Later, when 
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inhaled again, pollen would have reacted with the IgE antibodies on 
the surface of mast cells, causing them to degranulate and release 
histamine.4][This histamine would cause increased mucus secretion 
in the sufferer’s airways, which would be experienced by them as a 
runny nose.5]

I have stated that prior exposure to pollen would have 
taken place.1

I have stated B cells would have produced IgE.2

I have explained that IgE binds to mast cells.3

I have explained that histamine is released upon 
re-exposure to the allergen.4

I have related the release of histamine to the 
development of a runny nose.5

I have answered in a logical and sequential manner.

I have signposted steps in my response by using terms 
such as: firstly, later.

I have used appropriate biological terminology 
such as: B cells, IgE antibodies, mast cells,  
degranulate, histamine.

b [Capillaries become permeable and leaky,1][causing swelling.2]
[Vasodilation of the skin blood vessels,3][leading to redness of  
the skin.4]

 Other acceptable responses include: 

• Constriction of the smooth muscles in airways, causing 
breathing difficulties. 

I have stated a physiological effect of an allergy.1

I have stated a symptom this causes.2

I have stated another physiological effect of an allergy.3

I have stated a symptom this causes.4

Multiple lessons

11 D 12 B

13 a  [Infection with HIV results in the destruction of helper T cells.1]
[These play a crucial role in the adaptive immune system, and 
without them the process of B and T cell differentiation would 
not occur2][leading to an immunodeficiency.3]

 Other acceptable responses include: 

• There would be fewer cytotoxic T cells to combat infected cells. 

• Helper T cells would no longer be present to bind to  
antigen-presenting cells and trigger the recruitment 
of lymphocytes. 

I have stated that HIV destroys helper T cells.1

I have explained a function of helper T cells in the 
adaptive immune response.2

I have stated that an immunodeficiency occurs.3

b i [Plasma cells.1]

I have identified the correct cell type.1

 ii  [Antibodies block viral interaction with the host cell1][preventing 
them from attaching to and entering the cell.2]

    Other acceptable responses include: 

• Antibodies form antigen-antibody complexes, immobilising 
the virus particles.

I have identified a method by which antibodies 
combat viruses.1

I have explained how this method  
prevents infection.2

Key science skills

14 a  [Yes,1][it was the half of the rats that didn’t have cream  
applied to it.2]

I have stated that a control was used.1

I have stated what the control was in the experiment.2

b [The scientists could expect to find an increased number of cytotoxic 
T cells in the hairless skin.1]

 Other acceptable responses include: 

• Increased number of phagocytic cells. 

• Increased number of T helper cells. 

I have stated what the scientists could expect to find.1

c [The age of participants1][and the gender of participants.2]
 Other acceptable responses include: 

• The health status of participants.

• The degree of hair loss of participants.

I have stated one variable.1

I have stated a second variable.2

10C Antibodies to treat cancer
Theory review questions 

1 a Myeloma cell b Hybridoma

c Monoclonal antibodies d Antigens

2 D 3 A

4 B

Exam-style questions

Within lesson

5 C 6 A

Multiple lessons

7 a  [An autoimmune disorder is when the body’s immune system 
initiates an immune response that targets healthy self cells.1]
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I have defined autoimmune disorder.1

   b  [Yes,1][as mAbs specifically ‘target cancerous cells while avoiding 
healthy cells’,2][unlike chemotherapy which has a low cell-specificity 
and causes unwanted effects.3]

I have stated whether monoclonal antibodies cause fewer 
side effects than chemotherapy.1

I have explained the extent of damage of monoclonal 
antibodies.2

I have explained the extent of damage of chemotherapy.3

   c  [Passive artificial immunity.1]

I have identified the type of immunity.1

   d  [mAbs can block signals that initiate cell division in cancerous cells1]
[which prevents the growth of cancer in an organism.2]

 Other acceptable responses include: 

• Signal for immune cells to attack cancerous cells.

• Induces apoptosis.

I have described a mode of action for mAbs.1

I have explained how this can treat cancer.2

   e i  [The mAbs would be different,1][as antibodies have an active site 
that is highly specific to the targeted antigen.2][These treatments 
would treat different cells in a different way.3]

I have stated whether the mAbs are the same.1

I have stated that antibodies are highly specific.2

I have outlined that different treatments target 
different cells in different ways.3

I have used appropriate biological terminology such as: 
mAbs, antibody, active site.

    ii  [mAbs can deliver a drug directly to the target site1][due to the 
specificity of an antibody’s active site,2][which can increase the 
efficiency and efficacy of a drug’s mode of action.3]

I have stated the role of mAbs in drug delivery.1

I have discussed how mAbs can do this.2

I have outlined the overall implication of mAbs being 
used in drug delivery.3

I have used appropriate biological terminology such as:  
mAbs, target site, specificity, antibody, active site, 
efficiency, efficacy.

Key science skills

8 a  [The amount of sample extracted from each patient would  
affect the results1][as extra sample would accomodate for more 
antigens to bind to the surface of the tube, which would make the 
colour darker.2]

 Other acceptable responses include: 

• The amount of antibodies added.

• Human error in detecting the colour as it is an observation and 
not a quantitative result.

• CA19-9 antigen may not have properly attached to the surface  
of the container.

I have identified a factor that may have affected  
the results.1

I have explained how the factor could affect the results.2

   b i  [Positive control groups are expected to show a result for  
an experimental design by using a sample known to produce 
results.1][Negative control groups are expected to not  
show results, and if they do, it highlights the presence of 
confounding variables.2]

I have defined positive control groups.1

I have defined negative control groups.2

I have used appropriate biological terminology such as: 
experimental design, confounding variables.

    ii  [A positive control group would have a large concentration  
of the CA19-9 antigen1][and would produce a brown colour.2] 
[A negative control group would contain no CA19-9 antigen3]
[and would produce a transparent/white colour.4]

I have explained the contents of the positive  
control group.1

I have predicted the colour of the positive  
control group.2

I have explained the contents of the negative  
control group.3

I have predicted the colour of the negative  
control group.4

   c  [mAbs can attach to cancer cell antigens and flag them to be 
detected by immune cells1][and initiate an immune response.2]

 Other acceptable responses include: 

• Block signals that initiate cell division of cancerous cells.

• Prevent the growth of new blood vessels to tumours.

• Deliver drugs to target cells in the body.

I have described a mode of action for mAbs.1

I have explained how this can treat cancer.2

Chapter 10 Review
SECTION A

1 D 2 D 3 A

4 B 5 C 6 D

7 B 8 B 9 C

10 D 11 D 12 B

13 A 14 C 15 C
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16 a  [An inactivated component or weakened form of a pathogen that 
triggers the production of antibodies and memory cells but does not 
cause disease.1]

I have correctly described what a vaccine is.1

b i  [The antibodies would bind to the heavy chain of the 
tetanospasmin toxin.1]

I have correctly identified where antibodies bind to the 
tetanospasmin toxin.1

 ii  [The antibodies agglutinate the toxin tetanospasmin,1][forming 
large antibody–toxin complexes.2][This effectively deactivates 
the toxin, preventing it from affecting the organism as it usually 
would.3][Phagocytes can then digest the antibody–toxin 
complexes.4]

I have stated that the antibodies agglutinate the 
toxin tetanospasmin.1

I have explained that this alters the overall structure of 
the toxin.2

I have explained the effect this has on the 
toxin’s toxicity.3

I have explained that phagocytes would digest the 
antibody–toxin complex.4

c i  [The full vaccination schedule requires the individual to receive 
the vaccine six times,1][as there are six peaks on the graph.2]

I have stated that the schedule requires six individual 
doses.1

I have used evidence from the graph to support 
my answer.2

 ii  [After injecting an inactivated form of tetanospasmin, the body’s 
immune system can mount an immune response1][by producing 
lymphocytes and antibodies specific to the invading toxin.2]
[After the initial immune response, memory cells specific to 
the toxin tetanospasmin are produced.3][This enables a faster 
and larger immune response in subsequent encounters with 
tetanospasmin.4][Repeated immunisations increase the total 
amount of these memory cells and increase the effectiveness of 
future immune responses.5]

I have stated that injecting the inactivated form of 
tetanospasmin can initiate an immune response.1

I have explained that the immune response involves 
synthesising lymphocytes and antibodies specific to 
the toxin tetanospasmin.2

I have explained that after the immune response 
memory cells are produced.3

I have explained how these memory cells affect future 
responses to the toxin tetanospasmin.4

I have explained why repeated immunisations 
are necessary.5

17 a  [Autoantibodies recognise and attack self–antigens1][which leads to 
the destruction of the tissue surrounding the joints2][as well as the 
inflammation and degradation of the joints.3]

I have explained that autoantibodies attack self–antigens.1

I have explained this results in the destruction of tissue 
surrounding the joints.2

I have explained that the destruction of cells can result in 
inflammation and degradation of joints.3

b [The humoral response involves the activation of B cells and the 
production of antibodies against a specific antigen,1][whereas the 
cell–mediated response involves Tc cells/cytotoxic T cells targeting 
and killing particular cells.2]

I have described a unique component of the humoral 
response system.1

I have described a unique component of the cell–mediated 
response system.2

I have used comparative language such as: whereas.

I have not discussed T helper cells in my response.

I have described each difference as belonging to either the 
humoral or cell–mediated immune systems.

c [Many autoimmune diseases have been linked to genetic factors.1]
[These disease-causing genes may be switched on at different 
time periods2][and the initial onset of the symptoms of an 
autoimmune disease may vary between disease types 
and individuals.3]

I have stated that many autoimmune diseases are 
genetically linked.1

I have explained that certain genes may be switched on at 
different times.2

I have explained how this can alter the timing of initial 
onset of symptoms between diseases.3

18 a  [Booster immunisation.1][This is recommended because memory 
cells do not survive indefinitely.2][Booster immunisations stimulate 
existing memory cells to mount an immune response and produce 
more memory cells.3][This provides a person with an immunity to 
whooping cough for longer.4]

I have correctly named the type of immunisation.1

I have stated that memory cells die.2

I have stated that booster immunisations produce 
more memory.3

I have stated that a booster shot extends the period 
of immunity.4

I have referred to the scenario in my response.
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I have not referred to immunisation schedules in 
my response.

b [T memory cells1][and B memory cells.2]

I have stated one cell type.1

I have stated a second cell type.2

c [Vaccination facilitates the production of memory B and T cells for 
a particular pathogen, which persist in the body for an extended 
period of time.1][When the immune system later encounters 
the same pathogen,2][memory B and T cells differentiate into 
antibody producing plasma B cells and antigen recognising T cells, 
which quickly mount a stronger and faster response3][than an 
unvaccinated person.4][The pathogen is eliminated quickly and the 
person does not display symptoms of the disease.5]

I have stated the effect of a vaccine.1

I have stated that the immune system encounters 
a pathogen.2

I have stated how the immunised individual responds to 
a pathogen.3

I have compared this response to a non–vaccinated 
immune system.4

I have stated that an immunised person has a lower 
chance of getting sick from the pathogen.5

d i  [This is a passive form of protection1][as the mother produces 
antibodies specific to the B. pertussis bacterium,2][which are 
then passed on to the infant by crossing the placental barrier 
or through breastfeeding, rather than these antibodies being 
produced by the infant.3]

I have stated that this is a passive form of protection.1

I have explained where the antibodies are produced.2

I have explained how the infant acquires 
these antibodies.3

 ii  [Herd immunity for whooping cough occurs when the vast 
majority of a population is vaccinated against whooping cough.1]
[As there are few susceptible hosts, whooping cough cannot 
spread naturally in the population,2][preventing the disease from 
being passed on to infants.3]

I have explained that herd immunity occurs when the 
majority of the population is immune.1

I have explained how herd immunity prevents a disease 
from spreading naturally.2

I have explained that this can protect susceptible 
infants.3

I have referred to the scenario in my response.
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11A Mutations
Theory review questions

1 a Point mutation b Base insertion mutation

c Alleles d Polyploidy

e Mutagen f Missense mutation

g Block mutation h Germline

i Aneuploidy

2 D 3 C

4 C 5 A

6 D 7 B

Exam-style questions

Within lesson

8 C 9 B 10 C

11 a [There is an additional chromosome 18.1]

I have identified what is different in the karyotype for 
Edwards syndrome sufferers.1

b  [Edwards syndrome is an example of an aneuploidy mutation.1][This 
most likely occurred due to both copies of chromosome 18 splitting 
together into one gamete.2]

I have identified the type of mutation is Edwards 
syndrome.1

I have described how this mutation occurs.2

12 a  [This mutation is a missense point mutation1][that involves the 
substitution in the DNA from adenine to guanine.2][Thus, this 
changed the mRNA produced and translated ala instead of val.3]

I have identified this as a missense mutation.1

I have stated the two DNA bases substituted in 
the mutation.2

I have explained how this affected transcription 
and translation.3

I have not stated RNA bases in my answer.

b  [This causes a frameshift mutation1][as the reading frame is 
altered.2][Therefore, if it is occurring in lys, all the following codons 
would be affected as all nucleotides move back one position.3]
[This results in different amino acids being translated and alters the 
bonding and structure of the overall polypeptide.4]

I have identified this process to be a frameshift mutation.1

I have identified that the reading frame is altered.2

I have described how this mutation would affect the 
following codons.3

I have explained the overall effect on the protein.4

Multiple lessons

13 A

14 a [AGA.1]

I have stated the DNA triplet for this anticodon.1

b  [This mutation is a missense mutation as it has changed the 
anticodon to code for a different amino acid.1][This would have 
occurred in germline cells as it has been passed down to future 
offspring.2]

I have outlined which point mutation has occurred.1

I have explained where this mutation occurred.2

15 a 5’ AUG CAU GGC UUU AUG CAA GAA CUG AUA UAG 3’

I have correctly written the mRNA from 5’ to 3’.

I have left spaces between each codon.

I have used U instead of T because it is RNA.

b [Six.1]

I have counted the codons that will be transcribed to 
become amino acids.1

c  [To observe this change, the GTT codon must mutate into ATT1]
[through a nonsense mutation.2][This is because ATT is a STOP 
triplet, signalling for the ribosome to cease translation.3][Therefore, 
fewer exons are translated and the mutated polypeptide is shorter 
than the non-mutated polypeptide.4]

I have identified which triplet will mutate to cause 
this change.1

I have stated that this is a nonsense mutation.2

I have identified that this will cause a stop codon.3

I have explained the effect of this stop codon.4

Key science skills

16 a  [The independent variable is the strength of UV radiation1][and 
the dependent variable is the number of mutations in the tumour 
suppressor gene.2]

I have identified the independent variable.1

I have identified the dependent variable.2

b [The number of mutations in the tumour suppressor gene would 
increase as the strength of UV radiation is increased.1]

I have stated that there should be an increase in mutations 
if UV strength is increased.1

c [Mutagen.1]

I have identified what agent UV light is.1
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11B Natural selection
Theory review questions 

1 a Selection pressure b Fitness

c Phenotype d Variation

e Struggle for survival

2 D 3 B

4 C 5 A

Exam-style questions

Within lesson

6 C 7 A 8 D

9 a  [Variation in shell thickness existed in the population of blue 
mussels prior to introduction of the shore crab.1][This variation 
was heritable.2][When the shore crab was introduced in the south, 
mussels with thin shells were preyed upon, while thick-shelled 
mussels survived and had offspring that also had thick shells.3][Thus, 
thick-shelled mussels became more common in locations where the 
shore crab existed.4]

I have stated that variation existed in the population.1

I have stated that the variation was heritable.2

I have stated that the selection pressure was shore crab 
predation and that this gave mussels with thick shells  
a selective advantage/made them fitter.3

I have explained the consequences of this on the 
phenotype of the southern population of mussels.4

b [The thickness of shells in the northern mussel population would 
also increase.1][This is because they would be exposed to the same 
selection pressure as mussels in the south, and assuming that the 
same gene for thick shells exists in the northern population, natural 
selection favouring thick shells would occur here as well.2]

I have stated what would happen to shell thickness of the 
northern mussels.1

I have explained why this would occur.2

Multiple lessons

10 D

11 a [Allele frequency is the proportion of certain alleles in a gene pool.1]

I have defined allele frequencies.1

b i  [The Illinois birds have lower genetic variation than the birds from 
other states.1][This means that Illinois birds are at greater risk of 
extinction,2][because they are less likely to have advantageous 
phenotypes that may help them survive new selection 
pressures.3]

I have stated whether Illinois birds have higher or lower 
genetic variation than birds from other states.1

I have stated what this means for the extinction risk of 
Illinois birds.2

I have explained why low genetic variation increases 
the risk of extinction.3

 ii  [First, prairie chickens only roam within a few kilometres of their 
home range, so the two populations are not actually that close.1]
[In addition, there may be an isolating structure between the 
Illinois and Minnesotan populations - such as a large river.2]
[This means the populations may not have been connected and 
interbreeding for many generations,3][leading to different mean 
allele frequencies in each population.4]

I have stated that the two populations are not actually 
that close.1

I have suggested another isolating structure that could 
have led to different allele frequencies.2

I have explained that this would have prevented gene 
flow between the populations.3

I have stated that this would lead to different allele 
frequencies in each population of prairie chicken.4

c i  [The Illinois prairie chickens have a small population and low 
genetic variation.1][This means that, if new selection pressures 
arise, the population is unlikely to have a phenotypic variant that 
will help it survive the change.2][Additionally, small populations 
are at risk of inbreeding, which can lead to disadvantageous 
phenotypes persisting in the population. The other states have 
prairie chicken populations that are large and genetically diverse, 
so do not face these problems.3]

I have stated that the prairie chickens have both a small 
population and low genetic variation.1

I have explained the consequences of low genetic 
variation if new selection pressures arise.2

I have explained the risks that small populations face 
from inbreeding.3

d [Random mutations can uncontrollably occur.1][This would affect 
the reliability of the experiment as you cannot distinguish between 
mutations caused by UV and random mutations.2]

 Other acceptable responses could include:

• Skin cell samples should be taken from the same part of the 
mouse. Some parts of the skin might be more exposed to UV 
radiation than others which would influence mutation rate in the 
tumour suppressor gene of those skin cells.

• Radiation time must be the same between each treatment. If this 
is not kept the same between treatments then the comparisons 
between strengths cannot be made.

• Genetic variation at the tumour suppressor gene locus may 
exist within mice cultures. This would lead to measurements of 
mutations being skewed.

I have identified an uncontrolled variable.1

I have explained its effect on the results of the 
experiment.2
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 ii  [Fit individuals from the Minnesotan, Kansas, or Nebraskan 
populations could be introduced into the Illinois population for 
interbreeding.1]

I have identified a measure to increase the amount of 
genetic diversity into Illinois.1

d  [In the pre-human settlement population of prairie chickens, variation 
in traits existed.1][Upon human settlement, some individuals had traits 
that were advantageous for survival under the new environmental 
conditions: for example, human and car avoidance or ability to find 
and digest different food.2][Individuals with these advantageous 
phenotypes survived and had more offspring who inherited these 
traits than individuals without these phenotypes.3][Over generations, 
the surviving population of prairie chickens had more of these 
advantageous alleles than historic populations.4]

I have stated that variation existed in the prairie chicken 
population.1

I have stated that some of these variations in traits were 
advantageous for survival and reproduction when humans 
arrived and changed the environment.2

I have stated that these advantageous traits were 
heritable.3

I have explained that advantageous traits would have 
become more common in the population.4

Key science skills

12 a  [If the percentage of females reproductively active before the age 
of one is dependent upon the infection status of the population 
then there will be more Tasmanian devils under 1-year old that are 
reproductively active in 2006 compared to 1983.1]

I have stated that Menna predicted there would be a 
difference in Tasmanian devil age at reproduction between 
the two years.1

I have stated the direction of the difference.

b  [That there were 87 male and 61 female Tasmanian devils sampled 
in the study.1]

I have stated that this refers to the number of males and 
females in the sample.1

c i [The infection status of the population.1] 

I have stated that either ‘year’ or ‘infection status of the 
population’ is the independent variable.1

I have referred to the scenario in my response.

 ii [The % of females reproductively active before the age of one.1]

I have stated that the percentage of females 
reproductively active before the age of one is the  
dependent variable.1

I have referred to the scenario in my response.

d  [Menna should have checked that the individuals were collected at 
the same time of year,1][as season can impact fertility.2][Second, 

she should have ensured that they were collected using the same 
sampling technique,3][as individuals can be stressed by sampling 
and this could alter hormones, physiology, and behaviour that are 
measured to determine reproductive status.4]

 Other acceptable responses include:

• Ensure the devils were collected from the same population/
geographic location.

• Ensure the techniques used for aging the Tasmanian devils were 
the same in both years.

• Ensure that there were no other diseases that the population was 
infected with.

• Ensure there were no hormone-altering chemicals in 
the environment.

I have identified a factor that may have affected 
Menna’s results.1

I have explained how this factor could affect the results.2

I have identified a second factor that may have affected 
Menna’s results.3

I have explained how the second factor could affect 
the results.4

e [Menna can accept her hypothesis,1][as she found that more females 
had offspring before the age of one in 2006 (13.3–83.3 %) compared 
to 1983 (0–12.5 %).2]

I have stated if Menna accepts or rejects her hypothesis.1

I have stated what her results were.2

I have used data in my response.

11C Gene flow and drift
Theory review questions 

1 a Immigration b Gene flow

c Bottleneck effect d Inbreeding

e Founder effect

2 B 3 D

4 A 5 C

Exam-style questions

Within lesson

6 B 7 D

8 a  [Gene flow can increase the genetic diversity of a population through 
immigration introducing new alleles into a population.1][However, 
through emigration, genetic diversity can decrease as alleles are 
leaving a population.2]

I have explained how gene flow can increase genetic 
diversity.1

I have explained how gene flow can decrease genetic 
diversity.2
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b  [As the distance between two populations increases, gene flow 
decreases1][as individuals are less likely to travel a further distance 
to migrate to another population.2]

I have outlined that gene flow decreases as distance 
increases.1

I have justified by stating that individuals are less likely to 
travel a further distance to migrate.2

Multiple lessons

9 B

10 a  [The smaller island will have a lower genetic diversity due to the 
founder effect.1][These newly formed smaller populations would 
not have a gene pool which resembles the diversity of the original 
population.2][Therefore, the descendants of each population would 
inherit the same alleles and will maintain a low genetic diversity.3]

I have stated that founder effect is responsible for the 
lower genetic diversity.1

I have outlined how each smaller population does not 
resemble the original gene pool.2

I have described the consequences to the gene pool for 
future generations.3

b  [Low genetic diversity makes a population susceptible to new 
selection pressures that could wipe out all individuals.1][Therefore, 
a greater variation enables a species to thrive under many different 
selection pressures.2]

I have outlined the dangers of low genetic variation.1

I have outlined the benefits of high genetic variation.2

I have used appropriate biological terminology such as: 
selection pressure.

11 a  [This is an example of genetic drift1][as fishing and shipping 
collisions are catastrophic, random events that could affect any 
dolphin, and there are no selection pressures favouring certain 
alleles.2][Therefore, a bottleneck effect has taken place dramatically 
decreasing the population’s size and genetic diversity.3]

I have stated that this is an example of genetic drift.1

I have explained why it is not natural selection.2

I have explained which type of genetic drift this displays.3

b  [Gene flow is unlikely to impact burrunan dolphins1][as the two 
populations are separated by a significant distance and rarely mix 
with other dolphins, making gene flow unlikely to occur.2]

I have stated whether gene flow will impact the dolphin 
populations.1

I have explained the effects of the distance between the 
two populations.2

c  [The sample used in the breeding program (four dolphins) is small 
and would cause the founder effect.1][The genetic diversity of the 
resulting offspring from this breeding program would be as low as 
the limited diversity in the initial four dolphins.2]

 [Low genetic diversity is dangerous for a population since there 
will be a lower chance of advantageous alleles existing in the gene 
pool which are important for safeguarding against future selection 
pressures that may threaten the species’ survival.3]

 Other acceptable responses include:

• Furthermore, inbreeding between closely related founder 
dolphins would increase detrimental alleles in the population. 
Detrimental alleles reduce the fitness of individuals and causes 
further reductions in the population size until the species 
becomes extinct.

I have identified that the founder effect would occur in the 
breeding population.1

I have explained how the resulting population will have a 
low genetic diversity.2

I have outlined how future fitness may be affected by low 
genetic diversity.3

Key science skills

12 a  [The independent variable is the distance between rock-wallaby 
colonies1][and the dependent variable is the amount of gene flow in 
a population.2]

I have stated the independent variable.1

I have stated the dependent variable.2

b  [Gene flow is the introduction of new alleles into a population 
through new individuals immigrating into and breeding with a 
population.1][Therefore, genetic diversity can increase through an 
increase in migration and gene flow.2]

I have explained what gene flow is.1

I have explained how this increases genetic diversity.2

c  [Genetic diversity is critical for a population to survive, as variation 
increases the chance of having an allele that confers survival in the 
face of new selection pressures.1][Populations with low genetic 
diversity may not have this crucial allele, so are at greater risk 
of extinction.2]

I have outlined the importance of variation.1

I have explained the risk of low genetic diversity.2

d  [Rock-wallabies were not exposed to founder effect as the map 
shows the current population distribution is completely within the 
historical population distribution.1][Therefore, it is unlikely that the 
smaller population is a founder population of the large population.2]

I have explained that the current population is entirely 
within the historical population.1

I have stated a conclusion.2
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11D Speciation 
Theory review questions

1 a Sympatric speciation b Allopatric speciation

c Viable d Fertile

e Geographic barrier f Species

2 C 3 C

4 B 5 D

Exam style questions

Within lesson

6 C 7 B

8 a i [A geographic barrier.1]

I have stated the feature of an environment required 
for allopatric speciation.1

 ii  [The geographic barrier prevents two populations from breeding 
together by preventing gene flow.1][Therefore, different selective 
pressures may act on the populations, resulting in speciation.2]

I have stated that the geographic barrier prevents 
gene flow.1

I have identified that different selection pressures 
could lead to speciation. 2

b  [Yes, this would disprove the hypothesis.1][Two individuals who 
breed and produce viable and fertile offspring must belong to the 
same species.2] 

I have stated whether the hypothesis is disproved 
or not.1

I have defined what determines a species.2

9 a  [Initially, the Galápagos tortoise population became isolated by 
a geographical barrier.1][Over time the isolated populations were 
exposed to different selection pressures 2][and accumulated 
sufficient differences from one another so that they formed 
new species.3] 

I have stated the populations are geographically 
isolated.1 

I have identified the presence of different selection 
pressures on the populations.2

I have explained how a new species is formed.3

b  [The scientists could breed an individual from each population with 
one another.1][If they cannot produce offspring or the offspring they 
produce are infertile, then they are considered separate species.2]

I have designed a method to determine whether or not 
they are the same species.1

I have stated the results that would support 
the conclusion.2

Multiple lessons

10 C

11 a  [This is an example of allopatric speciation1][because new species 
have been created with a geographic barrier.2]

I have stated whether or not it is an example of 
allopatric speciation.1

I have justified my response.2

b  [Different selection pressures can act upon different populations to 
cause speciation.1][Therefore, variation is necessary for a population 
to survive under these different selection pressures.2]

I have identified the presence of different selection 
pressures in different populations.1

I have explained the importance of variation because 
of this.2

c [Mutations and sexual reproduction.1]
 Other acceptable responses include:

• Independent assortment.

• Change in chromosome number.

• Gene flow.

I have identified two natural methods that cause genetic 
variation.1

Key science skills

12 a  [They are not the same species1][as they could not produce a viable 
and fertile offspring.2]

I have stated whether they are the same species.1

I have justified my response with reference to the data.2

b  [Initially, the Australian population became isolated by a 
geographical barrier through continental drift.1][Over time the 
isolated Australian population was exposed to different selection 
pressures2][and accumulated sufficient differences to the original 
Mozambican population to be considered a new species.3]

I have stated the populations are geographically isolated.1

I have identified the presence of different selection 
pressures on the population.2

I have explained how the new species is formed.3

c  [The two populations were not exposed to different selection 
pressures despite their distance.1]

 Other acceptable responses include:

• Isolation of these two populations may have occurred more 
recently than with the Australian population meaning that not 
enough time has passed for them to diverge into separate species.

• The cattle tick may have been introduced from one of these 
countries to the other via migration or artificial means.

I have suggested a rational reason as to why the 
populations are not different species.1
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11E Artificial selection
Theory review questions

1 a Desired trait b Selective breeding 
(artificial selection)

c Inbreeding d Recessive

2 C 3 B

4 B 5 C

Exam style questions

Within lesson

6 B 7 D 8 C 9 A

Multiple lessons

10 A 11 B

12 a  [Humans have selected for dogs that express desired traits based on 
the functions they perform (e.g. slender bodies for running, sensitive 
noses for tracking)1][and bred them together. Over generations of 
selective breeding, humans continue to select for more extreme 
forms of these traits,2][eventually resulting in the array of modern 
dog breeds observed today.3]

I have outlined the selection stage of artificial selection.1

I have outlined the breeding stage of the process.2

I have referred to the scenario in my response.3

b   [In natural selection, the selection pressure is determined by the 
natural environment, whereas in artificial selection humans select 
for a desired trait, so the selection pressure is deliberately human-
imposed.1]

I have distinguished between artificial and natural 
selection.1

I have used comparative language such as: whereas.

c  [In artificial selection, only a subset of a population is selected for 
breeding.1][This results in reduced genetic variation in the population 
and an increased risk of inbreeding.2][The consequences of this are 
1) a lowered adaptive potential to changing environments and 2) 
increased expression of deleterious recessive alleles due 
to inbreeding.3]

I have stated that artificial selection selects for a subset 
of the population.1

I have stated the impact of a reduced gene pool.2

I have identified two unintended consequences of 
artificial selection.3

I have signposted my response using terms such as: 1, 2.

I have used appropriate biological terminology such as: 
gene pool, adaptability, inbreeding.

13 a i [Natural selection.1]

I have stated the correct form of selection.1

 ii  [While human-induced climate change is altering the 
environment in which Cryptasterina live, there is no specific 
trait that humans are actively selecting for or removing from 
the breeding pool.1][Therefore, this is an example of natural 
selection.2]

I have stated why climate change is not an example 
of artificial selection.1

I have stated that this is an example of natural 
selection.2

b  [C. hystera is adapted to the cold water environment. When 
introduced north of the line, C. hystera is exposed to both warmer 
water and warm-water predators.1][As there is assumed genetic 
variation within the C. hystera population, some sea stars will express 
greater resistance to both the warmer water and predators,2][and 
subsequently reproduce more.3][If the population is able to survive 
despite these new pressures, the population will eventually adapt to 
the new environment over many generations, altering the gene pool. 
If the population cannot adapt, the population will go extinct.4]

I have explained the difference in selection pressures 
between the cold and warm water environments.1

I have explained the importance of genetic variation in 
C. hystera according to the theory of natural selection.2

I have stated that fitter individuals will reproduce more.3

I have explained two potential outcomes for the 
introduced population.4

Key science skills

14 a  [Selection for the desired trait over generations will only occur if that 
trait is heritable.1][As cutting off tails with a knife does not affect the 
gametes of mice, cutting off a tail is not heritable.2]

I have stated that artificially selected traits must 
be heritable.1

I have linked my response to Weismann’s experiment.2

b i  [That repeated matings between individuals with stunted or 
malformed tails will result in a population of mice with stunted or 
missing tails because these traits are heritable.1]

I have stated a hypothesis based on the principles of 
selective breeding.1

 ii  [Mice in a control group would not have undergone selective 
breeding.1]

I have stated what would have been the 
experimental conditions for the control group of 
this experiment.1

Chapter 11: how speCies evolve728 



Ch
A

pter 11 rev
iew

c  [Weismann’s removal of mouse tails would have caused 
unnecessary suffering to the mice in the experiment.1][This could 
have been avoided by testing for the heritability of another acquired 
trait.2]

I have stated an ethical issue present in the experiment.1

I have stated how this ethical issue could have 
been avoided.2

Chapter 11 Review
SECTION A

1 C 2 A 3 A 4 A

5 C 6 D 7 D 8 C

9 D 10 B 11 B 12 C

SECTION B

13 a  [Without predation, a significant selection pressure for the Kākāpō is 
removed. This reduces the struggle of the population to survive.1]

I have identified a benefit of no predation on a population.1

I have referred to selection pressures.

b  [The Kākāpō is at risk of extinction because it has a small population 
that is spread out geographically, which means it has low genetic 
diversity and poor gene flow between potential mates.1] 
[Low genetic diversity increases the risk of extinction because, if 
a new selection pressure arises, it is unlikely that any individuals 
will have a phenotype that will help them survive under the new 
conditions.2][If no individuals have a phenotype that confers survival, 
offspring will not inherit the beneficial phenotype.3][As a result, the 
population will not be able to adapt to survive in the 
new conditions.4]

I have explained why small populations are at risk 
of extinction.1

I have stated that low genetic diversity reduces the 
likelihood of a beneficial mutation existing within the 
population if the environment changes.2

I have stated that this means advantageous mutations 
won’t be inherited.3

I have stated the consequence of this on the population’s 
survival.4

14 a  [A possible selection pressure would be the temperature difference 
between the two locations.1]

I have stated a potential selection pressure.1

b  [The ancestral population would have had variation, with some 
individuals having phenotypes that conferred a survival advantage 
in warm waters, while some individuals would have phenotypes 
that confer a survival advantage in cold waters.1][These phenotypes 
would have been heritable.2][Over successive generations, it became 
more common for individuals in the southern, colder waters to 
have the cold water phenotype, and more common for individuals 
in the warmer waters to have the warm water phenotype.3]

[Eventually, more genetic differences would have arisen between 
the two populations, making them more adapted to their specific 
environments, until the two populations would have stopped 
interbreeding and evolved into independent species.4]

I have stated that the ancestral population varied 
phenotypically.1

I have stated that the variations would be heritable.2

I have stated what would have happened to the two 
populations over generations.3

I have stated that the two populations would eventually 
become separate species.4

15 a  [This describes allopatric speciation1][as the population has been 
divided by a geographic barrier which causes the new populations to 
be exposed to differing selection pressures.2][This causes a change 
in allele frequencies and the formation of a new species which 
cannot interbreed with the original population.3]

I have identified which process of evolution affects the 
spider species.1

I have described the presence of a geographic barrier.2

I have stated that different species cannot interbreed.3

b  [This would indicate the spiders are the same species,1][as members 
of the same species are able to produce viable and fertile offspring.2]

I have stated this will indicate the spiders are the 
same species.1

I have explained the definition of a species.2

16 a i  [The founder effect occurs when a small number of individuals in 
a population colonise a new region of land.1][This new population 
is unrepresentative of the original2][and has a lower 
genetic diversity.3] 

I have outlined that founder effect occurs when a small 
group colonise a new region of land.1

I have stated that the new population is 
unrepresentative of the original population.2

I have stated that the new population has a lower 
genetic diversity.3

 ii  [In the bristlebird populations, Population B has a small 
population size and a lower genetic diversity,1][indicating that 
Population B could have been impacted by the founder or 
bottleneck effects, however more information is required to 
be sure.2]

I have referred to population size and genetic diversity 
as evidence of founder and bottleneck effects.1

I have stated which population could be affected.2

b  [Gene flow is unlikely to affect the bristlebird population1][as they 
are poor flyers that rarely repopulate areas where they have gone 
locally extinct. Therefore, bristlebirds are unlikely to migrate 200km 
and so the populations are effectively isolated.2] 
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I have stated whether gene flow would affect the 
bristlebird populations.1

I have explained why the bristlebird populations are 
unlikely to interbreed.2

17 a  [Low heterozygosity is a strong indicator of low genetic diversity.1]
[In addition, small populations are likely to have small gene pools, 
so individuals may inadvertently breed with close relatives.2]
[By analysing population size and heterozygosity, scientists can 
estimate the population’s adaptive potential and risk of extinction.3]
[Populations with a higher genetic diversity are more likely to survive 
in adverse conditions.4]

I have outlined the purpose of testing the amount of 
heterozygous individuals in the population.1

I have outlined the purpose of testing the population size.2

I have explained the purpose of combining the data of both 
these tests.3

I have explained the benefits of high genetic diversity.4

b  [Scientists could identify whether gene flow occurred by comparing 
the types of alleles present in each population1][and if there is a high 
similarity then it is likely that gene flow has occurred.2]

I have explained the significance of comparing allele 
frequencies between populations.1

I have identified what a high similarity in allele frequencies 
represents.2

c i  [The trend for both male and female pygmy-possums appears 
to be roughly U-shaped.1][The female population started with 
79 known alive possums in 1996 and dropped down to 0 in 
2001, but increased up to 60 in 2013.2][For the male population, 
it began at 7 known possums that decreased to 0 in 2001 and 
increased up to 36 in 2013.3][The overall trend shows that the 
female population has always been significantly greater than the 
male population.4]

I have stated that the trend is parabolic/U-shaped.1

I have described the trend in the female 
pygmy-possum population.2

I have described the trend in the male 
pygmy-possum population.3

I have explained the overall relationship between the 
male and female populations.4

I have used data in my response.

 ii [2010 and 2011.1]

I have identified two consecutive years where the 
translocation likely occurred.1

 iii [Gene flow.1]

I have identified the correct evolutionary process.1

 iv  [The males will introduce new alleles into the population to 
increase genetic diversity and population size.1]

I have suggested a benefit of the translocation.1
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12A Timeline of life on Earth
Theory review questions 

1 a Cambrian b Stromatolite

c Prokaryotes d Flowering plants

e Protists

2 D 3 B

4 C 5 C

Exam-style questions

Within lesson

6 C 7 C

8 C 9 B

10 D

11 a  [Trilobites evolved during the Cambrian explosion.1][They were 
arthropods with hard shells and a bilaterally symmetrical 
body plan.2]

 Other acceptable responses include:

• Hallucogenia.

• Arthropods.

• Molluscs.

• Gastropods.

• Jawless fish/early vertebrates.

I have suggested that an arthropod, crustacean, fish, or 
other hard-shelled ancient organism evolved during the 
Cambrian explosion.1

I have described the body shape of the organism.2

b [Stromatolites would have been prokaryotes,1][because they existed 
before eukaryotes evolved.2]

I have stated if stromatolites were prokaryotic 
or eukaryotic.1

I have explained my reasoning, referring to the age of 
the fossils.2

Multiple lessons

12 C

13 a   [Increasing the oxygen concentration in the atmosphere means 
more living things can respire aerobically, which means organisms 
can make more energy and larger organisms can survive.1][In 
addition, oxygen forms the ozone layer which protects living things 
from harmful radiation.2]

I have explained how increased oxygen affects respiration.1

I have explained how oxygen in the atmosphere protects 
living things.2

b i  [Once, an ancestor of mountain ash was a eukaryote that 
lacked chloroplasts.1][This eukaryote engulfed a photosynthetic 
cyanobacteria-like prokaryote,2][then used it to make glucose 
rather than destroying it. In this way, early chloroplasts were 
formed inside the first eukaryotes.3][This cell replicated and 

evolved over billions of years, passing on its chloroplasts, until it 
eventually speciated into mountain ash.4]

I have described the ancestral cell of mountain ash.1

I have described the process of endosymbiosis.2

I have explained the consequence of the 
endosymbiotic event.3

I have described what happened to the ancestral cell of 
mountain ash over time.4

 ii  [One similarity is that both cyanobacteria and mountain ash 
photosynthesise.1][One difference is that mountain ashes are 
eukaryotes, but cyanobacteria are prokaryotes.2]

  Other acceptable similarities include:

• Both have cell walls.

• Both have cell membranes.

• Both have genetic material in the form of DNA.

• Both have ribosomes.

• Both undergo respiration.

  Other acceptable differences include:

• Mountain ashes have differentiated cells with specialised 
functions, cyanobacteria do not.

• Mountain ashes have membrane-bound organelles, 
cyanobacteria do not.

• Mountain ashes are multicellular, cyanobacteria are not.

• Mountain ashes have linear DNA in a nucleus, cyanobacteria 
have circular DNA in a nucleoid region.

• Mountain ashes have cellulose cell walls but cyanobacteria 
have peptidoglycan cell walls.

I have identified one similarity.1

I have identified one difference.2

Key science skills

14 a [The scientists simulated lightning and rain.1]
 Other acceptable responses include:

• They used inorganic molecules that are likely to have existed on 
early Earth, such as ammonia, methane, and hydrogen.

I have identified two ways the scientists attempted to 
simulate early Earth.1

b  [By not replicating their experiment, we do not know if Miller and 
Urey’s results are reproducible or if they just happened by chance.1]
[This means their results are not reliable.2]

I have stated what no replication means in terms 
of reproducibility.1

I have explained how a lack of replication affects the 
reliability of their results.2

c  [They should run each replicate experiment for the same amount 
of time, they should heat the water in the 500 mL flask the same 
amount, and they should ensure each replicate starts with the same 
amount of reactants.1]
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 Other acceptable responses include:

• Expose each replicate to the same amount of lightning.

• Ensure that the apparatus is thoroughly cleaned before each 
replicate.

• Ensure the temperature in the room is constant between replicates.

• Ensure the reactants are pure and don’t contain contaminants for 
each replicate.

• Use the same, sterile techniques for each replicate.

I have suggested three realistic variables that should be 
controlled.1

12B Fossils
Theory review questions 

1 a Sedimentary rock b Radioisotope

c Impression fossil d Fossil

e Trace fossil f Mummified organism

g Absolute age h Half-life

i Index fossil j Radiometric dating

k Permineralised fossil l Relative age

m Fossil succession or law of superposition

2 B 3 D

Exam-style questions

Within lesson

4 D 5 A 6 C

7 D

 10  D

 8  B

 11  B

 9  C

 12  A

Multiple lessons

 13  A

 14  a  [The scientists would have used an absolute dating method such 
as radiometric dating, luminescence, or electron spin resonance to 
calculate the absolute age of the fossil.1][Using radiometric dating,2]
[the scientists would have measured the amount of a suitable 
radioisotope relative to its breakdown product3][and then calculated 
the age of the molluscs using the radioisotope’s half-life.4][Suitable 
radiometric dating pathways include the potassium-argon and 
uranium-lead pathways.5]

I have identified the range of techniques which could be 
used to calculate the absolute age of the molluscs.1

I have identified which of these techniques the scientists 
would have used.2

I have identified what the scientists would have 
measured.3

I have identified that the absolute age could be 
calculated using this information and the half-life of the 
radioisotope.4

I have given suitable radiometric dating pathway/s.5

b [The scientists would have used the absolute age of the mollusc 
fossils to determine the relative age of the Osteichthyan fossil.1]
[Using the principle of fossil succession and the stratigraphic 
location of the Osteichthyan fossil, fossils found in the same layer 
as the molluscs are approximately the same age, whereas fossils in 
deeper layers are older, and higher layers are younger.2]

I have stated that the molluscs’ absolute age  
could be used to determine the relative age of the  
Osteichthyan fossil.1

I have explained how the molluscs’ absolute age  
could be used to determine the relative age of the 
Osteichthyan fossil.2

c [The relative age of the Osteichthyan fossil is greater than 400 
million years old.1]

I have stated the relative age of the Osteichthyan fossil.1

d [No, as the molluscs may not meet the requirements of an index 
fossil.1][It is not known if the molluscs had a wide, populated 
distribution and the time period of their survival are not known.2]

I have stated if these molluscs could be used as an  
index fossil.1

I have supported this statement by referring to the 
characteristics of an index fossil.2

e [The Cambrian explosion (~ 535 mya) describes a period of rapid 
diversification of multicellular life, characterised by the evolution of 
hardened body parts such as shells or bones.1]

 Other acceptable responses include: 

• The evolution of multicellularity (~ 900 mya), and subsequent 
specialisation of tissues and organs.

I have identified an important step in evolution from 
ancient unicellular eukaryotes to Osteichthyans.1

Key science skills

 15  D

 16  a  [Point B corresponds to the given ratio of 14C:14N, as it is equal to half 
that found in present-day organisms.1]

I have correctly identified that point B corresponds to the 
ratio of 14C:14N.1

b [The absolute age of the fossilised kangaroo skull is 5 730 years old.1]

I have correctly calculated the absolute age of the skull.1

 17  a  [The absolute age will accurately describe the fossil’s age in years,1]
[whereas the relative age only indicates the order of formation for 
each fossil.2][Therefore, to accurately describe stickleback evolution, 
the absolute age should be calculated.3]

I have explained what the absolute age describes.1

I have explained what the relative age describes.2

I have concluded whether the scientists should 
calculate the relative or absolute age.3
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ANSWERS

12C Evidence of ancient life on Earth
Theory review questions

1 a embryo b transitional fossil

c supercontinent d continental drift

e biogeography f fossilisation bias

g the fossil record

 

h developmental biology OR 
comparative embryology

2 B 3 A

4 C

Exam style questions

Within lesson

5 B 6 D

7 C 8 D

9 D 10 A

b  [The absolute age of the top layer fossils: 6 000 years old.1] 
[The absolute age of the middle layer fossils: 12 000 years old.2] 
[The absolute age of the lower layer fossils: 24 000 years old.3]

I have calculated the age of the top layer fossils.1

I have calculated the age of the middle layer fossils.2

I have calculated the age of the lower layer fossils.3

c [The size of dorsal spines and pelvis in sticklebacks increases in 
saline or oceanic enivornments.1]

I have stated a hypothesis that could explain the change 
observed in the stickleback fossils.1

d [The question states that sticklebacks with large dorsal spines and 
pelvic bones are common in the ocean, while sticklebacks with small 
spines and pelvises are common in freshwater.1][This is probably 
because large dorsal spines and pelvic bones provide a selective 
advantage in the ocean (i.e. faster swimming, predator defence) but 
not in freshwater systems.2][Given that the saltwater variety were 
common ~12 000 years ago, it is likely that the lake was saltwater, 
or inundated by the ocean, at this time.3][However, the variety with 
small dorsal spines and pelvic bones were common ~24 000 years 
ago, suggesting the lake was once again freshwater at this time.4]

I have identified the habitats of each stickleback 
phenotype.1

I have explained that the physiological differences 
between fresh- and saltwater sticklebacks provided 
selective advantages in each habitat.2

I have used evidence to describe the lake environment 
12 000 years ago.3

I have used evidence to describe the lake environment 
24 000 years ago.4

11  a  [Structure B is the dorsal nerve cord.1][Structure C is the  
pharyngeal arches.2]

I have correctly identified structure B.1

I have correctly identified structure C.2

b  [These features are only present in chordates, implying that their 
early development is both similar within the phylum Chordata and 
different to the early development of other phyla.1][This suggests 
that all chordates share a common ancestor and have gradually 
acquired changes since then.2] 

I have explained that these features describe similarities 
within the phylum Chordata.1

I have explained that this suggests all chordates evolved 
from a common ancestor.2

Multiple lessons

12 a  [The Archeopteryx fossil is a transitional fossil between ancient 
dinosaurs and modern birds.1][This indicates that dinosaurs are  
the ancestors of modern birds.2]

I have identified that Archeopteryx is a transitional fossil.1

I have explained the significance of this when considering 
the evolutionary origins of birds.2

b  [A radioisotope within a fossil loses half of its mass at a predictable 
rate called a half-life.1][By measuring the relative amounts of this 
material and its breakdown product, and given the half-life of the 
material, the absolute age of the sample can be calculated.2]

I have explained the concept of a half-life.1

I have explained the radiometric dating process.2

Key science skills

13 B

14 a [Biogeography.1]

I have correctly named the study of the geographic 
distribution of plants and animals.1

b i  [Ash is of igneous origin. Therefore, potassium-40 would have 
been used to calculate the absolute age of the ash.1]

I have identified that potassium-40 would have  
been used.1

 ii  [As the Glossopteris fossil was found within the ash, the relative 
age of the fossil is the same as the absolute age of the ash.1]

I have explained how the absolute age of the ash can be 
used to find the relative age of the Glossopteris fossil.1

c  [Fossils of the therapsid species can be found closer to the surface 
than the ash layer, indicating they were alive less than 251 million 
years ago.1][However, fossils of the therapsid species can also be 
found below the ash layer, indicating these fossils are more than 
251 million years old.2][This suggests that the therapsid species 
originated more than 251 million years ago.3]
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12D Patterns of biological change
Theory review questions 

1 a Adaptive radiation b Background extinction rate

c Analogous structure d Convergent evolution

e Divergent evolution f Vestigial structure

g Homologous structure

2 B 3 A

4 B 5 D

6 C

 Exam-style questions

Within lesson

7 C 8  A

9 D 10 B

11 B

Multiple lessons

12 D 13 B

14 B 15 C

h Mass extinction

16 a  [Vestigial limbs refer to small limb-like appendages found on many 
snakes, which appear to serve no purpose.1]

I have explained the term vestigial limbs.1

I have explained vestigial limbs in reference to snakes 
rather than vestigial organs in general.

b  [Snakes evolved from legged lizards, however fully formed legs 
were disadvantageous for serpentine movement.1][As such, smaller 
legged individuals were favoured and repeated selection resulted in 
the almost complete removal of limbs in modern snakes.2][As these 
vestigial limbs provide no selective advantage or disadvantage, they 
remain present throughout subsequent generations.3]

I have discussed selection pressures surrounding legs in 
Serpentes evolution.1 

I have discussed changes in leg size during Serpentes 
evolution.2

I have discussed the selection pressures on vestigial limbs 
in Serpentes.3

c i  [As the sedimentary layer is of igneous origin, the scientists 
could calculate the age via radiometric dating1][using the 
potassium-40 pathway.2][By measuring the relative amount of 
potassium-40 and stable products of the radioactive pathway, 
the absolute age of the rock can be calculated.3]

  Other acceptable responses include:

• Uranium-235.

• Uranium-238.

I have stated a suitable form of dating.1

I have given an example of an isotope that would be 
used for samples 100 million years old.2

I have explained the radiometric dating process.3

 ii  [Carbon-14 has a relatively short half-life,1][and can only 
accurately date samples less than 50 000 years old. As the 
rock is 100 million years old, there wouldn’t have been enough 
carbon-14 to accurately date the sample.2]

I have attributed this to the short half-life of carbon-14.1

I have explained why a short half-life makes the 
carbon-14 pathway unsuitable for use.2

 iii  [The scientists would have calculated the absolute age of 
sedimentary igneous rock in which Tetrapodophis amplectus 
was found.1][The scientists could then conclude that, because 
the fossil is found in the same layer as the rock, it has the same 
relative age as the rock.2]

I have stated that radiometric dating was used to date 
the sedimentary layer.1

I have stated that the age of the fossil is approximately 
the age of the sedimentary layer.2

I have explained the significance of the therapsid fossil 
found above the ash layer.1

I have explained the significance of the therapsid fossil 
found below the ash layer.2

I have concluded the relative age of the therapsid species.3

15 a [The absolute age of the igneous rock is 260 million years old.1]

I have correctly calculated the absolute age of the  
igneous rock.1

b  [The Lystrosaurus fossil is approximately 260 million years old,1] 
[as the fossil was found in the igneous sedimentary layer.2]

I have defined the relative age of the Lystrosaurus fossil.1

I have explained my reasoning.2

c [The bivalve is greater than 260 million years old,1][as the bivalve  
is in a sedimentary layer below the Lystrosaurus fossil.2] 

I have defined the relative age of the bivalve.1

I have explained my reasoning.2

d  [260 million years ago, the Antarctic, Indian, and South African 
landmasses were part of the supercontinent known as Pangaea.1]
[As members of the genus Lystrosaurus were terrestrial animals, 
they would have been able to migrate into these areas, where they 
became fossilised.2] 

I have described the landmasses 260 million years ago.1

I have discussed how this explains the current dispersal  
of Lystrosaurus fossils.2
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 iv  [As Tetrapodophis amplectus is a transitional fossil, the most 
recent common ancestor of lizards and snakes occurred more 
than 100 mya.1]

I have stated how this information could be used to 
determine the age of a common ancestor.1

17 a  [Convergent evolution.1]

I have stated the evolutionary pattern which describes 
this relationship.1

b  [These two species do not share a recent common ancestor, as they 
evolved from completely different lineages.1][However, both of these 
species have adapted to fill similar niches, and experience similar 
selective pressures.2][Gliding between trees is an efficient way of 
moving between trees, and removes the threat of ground-dwelling 
predators.3][As such, individuals with greater gliding ability are 
able to reproduce more,4][repeated selection over generations has 
facilitated the independent evolution of the analogous structure of 
skin extensions.5]

I have discussed the lineages of the two species.1

I have explained the selective pressures of similar niches.2

I have explained the selective advantage of gliding.3

I have explained the reproductive advantage of gliding.4

I have discussed subsequent effects on each species 
over time.5

Key science skills

18 a  [The line shows the normal extinction rate (background extinction 
rate).1]

I have stated the meaning of the dashed line.1

b  [Yes,1][because the extinction rate of each group of vertebrates is 
significantly higher than the background extinction rate.2]

I have stated whether the graph supports the idea.1

I have justified my response by referring to the graph.2

19 a [Adaptive radiation.1]

I have correctly identified the pattern of evolution which 
commonly follows a mass extinction.1

b  [Widespread extinctions leave many unoccupied niches.1][The 
remaining species can diverge rapidly via adaptive radiation, filling 
these niches.2]

I have explained an effect of mass extinctions.1

I have explained how species can take advantage of this.2

c  [Firstly, the study of 2 415 species showed that mammals are heavily 
biased towards nocturnality,1][indicating a nocturnal ancestor.2]
[Secondly, diurnal mammals tend to have less colour-sensing 
photoreceptors and more low light-sensing photoreceptors than 
other diurnal vertebrates.3][Since these mammals are diurnal, this 
is likely not an adaptation and is more likely to be an ancestral trait 
from a nocturnal ancestor.4]

I have provided a piece of behavioural evidence.1

I have explained how this behavioural evidence suggests a 
nocturnal mammalian ancestor.2

I have provided a piece of physical evidence.3

I have explained how this physical evidence suggests a 
nocturnal mammalian ancestor.4

d  [No, the predation from diurnal predators would not have caused a 
genetic bottleneck,1][as the predation pressure was not large enough 
to significantly reduce the genetic diversity.2]

I have stated if predation was likely to cause a genetic 
bottleneck.1

I have used evidence from the text to support my 
statement.2

e  [The fossil record indicates placental mammalian life rapidly 
diversified shortly after the extinction of the dinosaurs during the 
K-Pg mass extinction.1][This aligns with the explosive model and our 
classic view of adaptive radiation following a mass extinction.2][In 
contrast, the more recent molecular analysis and long-fuse model 
suggest this diversification may have begun 20 million years before 
the K-Pg event, while dinosaurs were still alive.3][This indicates 
mammalian radiation occurred despite niches already being 
occupied , which contradicts the classic view of adaptive radiation.4]

I have indicated timing supported by the fossil record.1

I have discussed its implications on the classic view of 
adaptive radiation.2

I have indicated timing supported by the molecular 
analysis.3

I have discussed its implications on the classic view of 
adaptive radiation.4

I have used comparative language such as: in contrast.
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Chapter 12 review
Section A

1 B

 4  D

 7  A

 10  C

 13  C

 16  D

 2  B

 5  C

 8  D

 11  D

 14  B

 17  D

 3  A

 6  D

 9  A

 12  A

 15  B

I have correctly identified the type of error this 
situation describes.1

 19  a i [The foot structures are homologous.1]

I have correctly identified the relationship between  
the foot structures.1

 ii  [As the leg structures are homologous, this is an example of 
divergent evolution.1]

I have correctly identified the pattern of evolution.1

b [You would not find any Equus fossils older than three million years 
old.1][Because the Equus genus originated in North America, they 
could only migrate to South America over land and the land bridge 
only developed three million years ago.2]

I have stated the maximum age of Equus fossils in  
South America.1

I have explained why you would not see Equus fossils 
before this time.2

c [In absolute dating the age is calculated very accurately, usually by 
measuring relative amounts of known materials within the fossils.1]
[In comparison, relative dating approximates a fossil’s age by 
associating it with another specimen within the same or another 
sedimentary layer.2]

I have explained absolute dating techniques.1

I have explained relative dating techniques.2

I have used comparative language such as: in comparison.

 20  a  [Independent variable: exposure to a predator.1][Dependent 
variable: proportion of single–celled and ‘multicellular’ bacteria.2]

I have stated the independent variable.1

I have stated the dependent variable.2

b  [Predators act as a selective pressure that favours the evolution of 
bacterial aggregates.1]

I have stated the hypothesis being tested by the scientists.1

c i       [The scientists did use a control.1][The container with both 
forms of the bacteria and no predators acts as a control.2]

I have stated if the scientists used a control.1

I have described the control used in the  
experimental design.2

 ii  [The scientists’ results are more reliable for using a control.1]
[This is because they have ensured that the proportion of 
bacterial forms (the dependent variable) is caused by exposure 
to a predator (the independent variable), rather than the effects 
of other variables.2]

I have identified the benefits of using a control.1

Section B

 18  a 

 Other acceptable responses include: 

• D. optatum – Rapid burial in sediment, lack of oxygen, or lack  
of decomposers and scavengers.

• P. cinereus – Constant cool temperature, constant humidity,  
lack of decomposers or scavengers.

• A. cignorum – Presence of decomposers or scavengers.

b [Structural morphology.1]
 Other acceptable responses include: 

• Comparative anatomy.

I have correctly named the study in question.1

c [Finding homologous structures between the skulls would indicate 
the two species are related.1][The lower jaw structure appears to  
be homologous between the two species as it is a similar shape.2]

 Other acceptable responses include: 

• The teeth of the lower jaw.

• The teeth of the upper jaw.

• The molars of the lower and upper jaw.

I have identified that the presence of homologous 
structures would indicate the two species are related.1

I have stated a piece of evidence the scientists could 
have used.2

d i [The absolute age of the skull is approximately 2 865 years old.1]

I have correctly calculated the absolute age of the skull.1

 ii  [The scientist dropping the skull is an example of  
personal error.1]

Species Environment Condition

D. optatum Near the coast of  
south–eastern Australia

Submerged in 
highly mineralised 
groundwater

P. cinereus Cave in western 
Queensland

Lack of light, wind,  
and water

A. cignorum Near the coast of  
south–eastern Australia

Rapid burial in 
sediment
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I have explained how this would affect the scientists’ 
interpretation of the results.2

d [No.1][While this bacteria does aggregate into a multicellular form, 
the lack of membrane–bound organelles indicate this bacteria is still 
a prokaryote.2][Current understandings suggests that eukaryotes 
evolved membrane–bound organelles ~2 bya, and these eukaryotes 
then evolved multicellularity ~900 mya.3]

I have stated whether a similar bacterial aggregate could 
be the ancestor to modern multicellular life.1

I have described what type of life these bacteria represent.2

I have described the ancestors of modern multicellular life 
according to current understandings.3

 21  a  [The data suggests the average skull size of a tortoise from 
population B is larger than one from population A, indicating 
they are not of the same species.1][For example, at position 1 the 
difference in size is 20 mm,2][which is larger than the difference in 
measurements between the three named species.3][Such a large 
physical change indicates significant shifts in individual genomes 
so that any offspring from interbreeding between populations is 
unlikely to produce viable offspring.4]

I have described differences in characteristics between the 
two populations.1

I have used data from the table to support this statement.2

I have compared the difference between the two 
populations to the differences between the three  
named species.3

I have determined whether they belong to the same 
species by referring to the definition of species.4

b i [Allopatric speciation.1]

I have stated the type of speciation that has occurred.1

 ii  [As the Galápagos tortoise can’t swim, the river acts as a 
geographical barrier,1][preventing gene flow between the two 
populations.2][Over time, due to genetic drift, accumulation of 
mutations, and exposure to different selection pressures, the 
gene pool for each population shifts and the populations diverge 
and become different species.3]

I have stated that the river is a geographical barrier.1

I have stated that separation of the two populations 
prevents mating.2

I have indicated the evolutionary forces which have 
caused speciation over time.3

 iii [Divergent evolution.1]

I have stated the evolutionary pattern which describes 
this process.1

 iv  [A common ancestor with common homologous or vestigial 
structures.1]

I have identified a piece of evidence for divergent 
evolution.1

737



13A Phylogenies
Theory review questions

1 a Derived trait b Phylogeny

c Phylogenetic tree d Ancestral trait

e Lineage f Taxon

2 D 3 A

4 C 5 B

6 D

Exam–style questions

Within lesson

7 C 8 D 9 B

10 a  [In both diagrams, the closest relative of Ceratophyllum are the 
eudicots. In both diagrams, all of the plants share a 
common ancestor.1]

 Other acceptable responses include:

• Monocots, Chloranthales, magnoliids, Ceratophyllum, and 
eudicots are all classed as Mesangiospermae.

I have identified and explained two similarities between 
the two phylogenetic trees.1

b [Nymphaeales is more closely related to Amborella in the first tree, 
whereas Nymphaeales is more closely related to all of the other 
groups in the second tree. Chloranthales is more closely related to 
magnoliids in the second tree, whereas Chloranthales is more closely 
related to monocots, Ceratophyllum, and eudicots in the first tree.1]

 Other acceptable responses include:

• In the first tree, the monocots diverged early from the other 
Mesangiospermae. In the second tree, the magnoliids and 
Chloranthales diverged before the monocots.

I have identified and explained two differences between 
the two phylogenetic trees.1

Multiple lessons

11 A 12 A 13 C

14 B 15 D

16 a  [By comparing the similarities and differences between homologous 
structures, scientists can deduce relationships between organisms 
and construct a phylogenetic tree.1]

I have stated that homologous structures (not analogous) 
must be compared.1

b i  [Species 31][since it shares a common ancestor with species 11 
more recently than species 12.2]

I have identified species 3.1

I have justified my answer by referring to the recent 
common ancestor.2

 ii [Claws1][would enable lizards to cling to trunks better.2]

  Other acceptable responses include:

• Brown camouflage would allow lizards to blend into tree trunks.

• Large legs would enable lizards to grasp onto tree trunks better.

• Large size would give lizards better protection from predators.

• Claws would allow lizards to defend themselves from predators.

I have identified an advantageous physical 
characteristic.1

I have explained how this characteristic would be 
advantageous for trunk–ground lizards.2

 iii  [One species in each of the four Anolis groups of the phylogenetic 
tree demonstrate a trunk–ground lifestyle.1][It is likely that the 
ancestor was not a trunk–ground lizard, and this lifestyle evolved 
independently in the four trunk–ground species.2]

I have referred to the relevant part of the phylogenetic 
tree in my answer.1

I have explained that the independent evolution of 
trunk–ground lifestyles in the four species is 
most likely.2

17 a  [Two strains that have diverged will have homologous structures in 
common.1][We expect these homologous structures to change in 
each strain after divergence, allowing us to use these structures 
for identification.2]

I have identified homologous structures.1

I have explained how homologous structures are used to 
show divergence.2

b i  [Strains 7 and 81][diverged most recently and so would have had 
the least time to accumulate morphological changes.2]

I have identified the correct strains.1

I have justified my response by referring to 
evolutionary relatedness.2

 ii  [There are two divergences that occurred close together in time.1]
[Due to insufficient data, it may be difficult to determine which 
divergence occurred first, and this is indicated using 
three branches.2]

I have explained the origin of polytomies.1

I have explained how uncertainties in data may 
create polytomies.2

c i  [Since strains 3 and 4 recently diverged, the transmission to palm 
civet hosts likely occurred in their recent ancestor.1]

I have identified that a single transmission event to 
palm civets occurred.1

 ii  [Since strains 5 and 6 are not closely related, the transmission to 
human hosts must have occurred twice independently.1][Since 
most of the strains of virus are now found in bats, the ancestral 
host is likely to also have been a bat.2]
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13B Molecular homology
Theory review questions

1 a  Mitochondrial DNA 
(mtDNA)

b Melting temperature (Tm)

c Mutation rate d DNA hybridisation

e Maternally inherited f Molecular clock

2 D 3 B

4 B 5 A

6 C

Exam-style questions

Within lesson

7 B 8 C 9 A 10 B

11 C 12 D 13 B 14 A

Multiple lessons

15 D 16 B 17 B

18 a  [Morphological features of closely related species1][would have 
more characteristics in common with each other than with those of 
more distantly related species.2][DNA hybridisation3][to determine 
similarity in DNA sequences, and therefore relatedness.4]

 Other acceptable responses include:

• Analysing DNA sequences to determine similarity, and therefore 
relatedness.

I have named a correct piece of evidence.1

I have briefly explained how this evidence would help 
determine relatedness.2

I have named a second correct piece of evidence.3

I have briefly explained how this evidence would help 
determine relatedness.4

b  [Amino acid sequences from the same protein are compared 
between two species.1][Changes from one amino acid to another in 
the sequence accumulate over time and so more amino acid changes 
indicate more distant relatedness.2]

I have stated that the same protein from each species 
is compared.1

I have stated that more amino acid changes indicate they 
are more distantly related.2

19 a  [Mitochondrial DNA has a high mutation rate compared to coding 
regions of nuclear DNA.1][There is also no recombination in mtDNA 
because it’s inherited from the mother.2]

I have stated that mtDNA has a high mutation rate.1

I have explained that mtDNA allows us to trace unbroken 
lineages due to the lack of recombination.2

b i  [Individuals 1 and 2.1][There is only one nucleotide site that 
differs between them, which is at site F. This is the fewest number 
of sequence differences between any of the samples, indicating 
they are the most closely related.2]

I have stated the correct two individuals.1

I have justified my response by referring to the data.2

 ii [Point mutations.1]

I have stated the correct type of mutation.1

 iii  [This is a nonsense mutation.1][A nonsense mutation in a 
protein-coding gene would cause translation to stop prematurely 
to create a short polypetide.2][This polypetide would likely not 
function properly.3]

I have stated the correct type of mutation.1

I have explained the effect of this mutation 
on translation.2

I have explained the effect of this mutation on 
protein structure.3

I have stated that the two strains in humans likely 
evolved independently.1

I have identified the host of the ancestral virus.2

Key science skills

18 a  [The most recent divergence occurred between mammals 
and reptiles.1]

I have identified the correct divergence event.1

b i  [Tiktaalik would have developed lungs and sturdy bones in its 
limbs.1][Its lungs would allow it to take in gulps of air for oxygen 
while its sturdy limbs would allow Tiktaalik to prop itself up above 
shallow waters to take in gulps of air.2]

  Other acceptable responses include:

• Tiktaalik may have had eyes on top of its head, allowing it to 
view above the water easily.

I have given two examples of structural features that 
support the transitional fossil hypothesis.1

I have explained the survival advantage on land of 
each feature.2

 ii  [If Tiktaalik were dated to be older than ancestral fish then this 
would suggest that Tiktaalik did not evolve from fish as the 
hypothesis suggests.1]

  Other acceptable responses include:

• It has features that are not found in either ancestral fish 
or tetrapods.

I have given a reasonable example that refutes 
the hypothesis.1
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Key science skills

20 a  [DNA is heated to 95°C to break the hydrogen bonds between 
strands.1][Single strands from both species are mixed together and 
cooled, allowing the two strands to form hydrogen bonds with each 
other, creating a double-stranded hybrid DNA.2][Hybrid DNA is then 
reheated and the temperature at which half of the DNA becomes 
single-stranded is noted. This temperature is known as the melting 
temperature (Tm).3]

I have described the denaturation stage.1

I have described the hybridisation stage.2

I have described the melting stage.3

I have not explained the polymerase chain reaction (lesson 
15B) in my response.

b i  [The more recent the common ancestor between the two 
species, the higher the melting temperature will be.1]

  Other acceptable responses include:

• The older the divergence between the two species, the lower 
the melting temperature will be.

I have stated that there should be an increase in melting 
temperature the more related the two species are.1

 ii  [Mouse.1]

I have identified the correct pet.1

 iii [Tarantula.1] 

I have identified the correct pet.1

c  [Angus should ensure each DNA sample is heated and cooled 
for the same amount of time.1][This ensures the experiment is 
conducted exactly the same for each sample, reducing the influence 
of confounding variables.2]

 Other acceptable responses include:

• The same device is used to control the temperature.

• The same gene(s) are used from each species.

I have stated a reasonable control.1

I have explained how this would reduce the effect of 
extraneous variables.2

13C Master Genes
Theory review questions 

1 a  bone morphogenetic protein 
4 (BMP4)

b embryonic development

c master gene d regulatory gene

2 C

3 B

4 A

5 A

Exam-style questions

Within lesson

6 B 7 C 8 D

9 a  [Genes could be expressed for different lengths of time in the 
embryo.1][For example, switching on the gene earlier or switching it 
off later could result in the longer swimming appendage in Artemia.2]

 Other acceptable responses include: 

• Each location in Artemia may contain different regulatory 
sequences that respond differently to the same master gene.

I have described how gene expression can vary during 
embryonic development.1

I have referred specifically to appendages in Artemia.2

b  [A mutation in Ubx and Scr may result in no functional protein 
being made.1][This could result in a complete absence of feeding or 
swimming appendages in the developed shrimp.2]

 Other acceptable responses include: 

• Loss of Ubx and Scr may result in reduced swimming and 
feeding appendages.

• Altered Ubx and Scr expression may result in appendages 
growing in incorrect places (e.g. swimming appendage 
near mouth).

• Overexpression of Ubx and Scr may result in appendages growing 
abnormally or in incorrect places.

I have described the molecular effect of a mutation in the 
Hox genes.1

I have described the phenotypic consequence to Artemia 
of the mutation.2

c  [Mutations in master genes result in large phenotypic changes 
within a short period of time.1][This means that fewer mutations in 
a master gene are needed to result in enough phenotypic change to 
create a new species.2]

I have stated that mutations in master genes result in large 
phenotypic changes.1

I have explained that fewer mutations in master genes are 
needed to result in divergence.2

Multiple lessons

10 a  [The BMP4 gene encodes a signalling protein that is responsible 
for beak formation in Galápagos finches.1][The longer the gene is 
expressed in the embryo, the more BMP4 is produced and the larger 
the beak that develops.2]

I have identified BMP4 as a signalling protein.1

I have described how BMP4 controls beak formation.2

b  [A wide deep beak would allow a finch to crack open seeds and 
nuts.1][Prey specialisation means finches won’t face as much 
competition from species that do not have the appropriate beak 
shape to access that food2][and will therefore increase their 
reproductive success.3]
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I have described the function of a wide deep beak.1

I have stated that this adaptation will reduce competition.2

I have stated that the fitness of this finch will be increased.3

c  [Small beak width and depth.1]

I have identified the correct beak type.1

11 a  [No,1][jaw shape could not be used to determine relatedness 
between cichlid fish species, as jaw shape is not inherited from a 
common ancestor.2][Rather, the jaw shape in each lake is determined 
by the selective pressures present in each lake.3]

I have stated no.1

I have explained that jaw shape is not a homologous 
structure.2

I have explained that jaw shape evolved independently in 
each lake.3

b  [Divergence due to mutations in structural genes in such a short 
period of time is quite rare.1][A mutation in a master gene controlling 
jaw formation in development would be a likely explanation since 
mutations in master genes cause large phenotypic changes over a 
much shorter period of time.2]

I have explained that the recent divergence of these 
species through mutations in regular genes is unlikely.1

I have explained why a master gene is a more likely 
explanation for jaw formation.2

c  [The BMP4 gene encodes a signalling protein responsible for jaw 
formation in cichlids. Jaw shape varies depending on the amount 
of BMP4 that is expressed during embryonic development.1][This 
variation in jaw shape and length in cichlid populations led to 
different phenotypes that are acted upon by natural selection.2]
[Cichlids with different jaw shapes adapted to different niches in 
the lakes of Africa resulting in adaptive radiation.3][Different jaw 
types are better adapted to different dietary niches within each lake, 
resulting in the current diversity.4]

I have explained the molecular mechanism for BMP4 in 
jaw formation in cichlids.1

I have explained that BMP4 expression varies 
within cichlids.2

I have explained how variation in BMP4 expression led to 
adaptive radiation in cichlids.3

I have referred to the scenario in my response.4

Key science skills

12 a  [The independent variable is the presence or absence of the master 
gene.1][The dependent variable is the amount of movement 
of bacteria.2]

I have stated the correct independent variable.1

I have stated the correct dependent variable.2

b i  [Hypothesis 2 is less likely because it involves mutations 
occurring in several different genes, which is incredibly unlikely to 
occur after only four days of bacterial growth.1][Hypothesis 1 is a 
more likely explanation since only one gene needs to be mutated 
to become a master gene.2][Therefore, hypothesis 1 is the more 
likely explanation.3]

I have explained why hypothesis 2 is unlikely.1

I have explained why hypothesis 1 is more likely.2

I have concluded the correct hypothesis.3

 ii  [Food supply should be kept constant in all dishes between the 
two strains. The experiment should be repeated under the exact 
same environmental conditions (e.g. temperature, humidity, food 
supply) to ensure consistency between experimental outcomes.1]

  Other acceptable responses include: 

• Dishes should be kept in sterile conditions to ensure they are 
not contaminated by foreign bacteria.

• Amount of bacteria added to each dish should be constant.

• Timepoints for each observation should be the same.

I have described two suitable controls.1

Chapter 13 Review
SECTION A

1 C 2 A 3 C 4 A

5 C 6 B 7 D 8 B

9 C 10 C 11 A 12 D

13 D

SECTION B

14 a  [Selection pressures such as food availability1][will cause bats 
that are more adapted to feeding on certain food sources to have a 
survival advantage.2][If this advantage has a genetic basis,3][they 
will pass on their alleles to the next generation4][and over time the 
frequency of the advantageous allele will increase in the gene pool.5]

I have identified a selection pressure such as food 
availability or feeding location.1

I have stated that better adapted bats will have 
an advantage.2

I have specified the advantageous phenotype must 
be heritable.3

I have stated that alleles from adapted bats are more likely 
to be passed on.4

I have stated that these advantageous alleles will increase 
in frequency in the gene pool.5

I have referred to the scenario in my response.

b i [Mexican long-tongued bat.1]

I have identified the correct species.1
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 ii  [This bat feeds in narrow spaces with small gaps,1][so a shorter 
echolocation signal would allow the bat to detect 
nearby objects.2]

  Other acceptable responses include:

• Since these bats don’t eat insects, they don’t need a longer 
echolocation signal to detect prey that is far away.

• A shorter signal is less likely to be heard by predators.

I have used information from the scenario in 
my response.1

I have given a reasonable explanation for the shorter 
echolocation signal being advantageous.2

c [Velvety free-tailed bat.1]

I have identified the correct species.1

d [The biologist could compare the DNA sample from the unknown 
bat to the other bats using DNA hybridisation or they could compare 
nucleotide differences between DNA sequences.1]

 Other acceptable responses include:

• They could compare nucleotide differences between mtDNA 
sequences.

I have stated two ways the biologist could determine 
species identity using DNA.1

15 a [Red-naped snakes and golden-crowned snakes.1]

I have identified the two correct species.1

b [Broad-headed snakes, tiger snakes, and white-lipped snakes.1]

I have identified the three correct species.1

c [The temperature at which half the DNA becomes single-stranded 
indicates how similar the two sequences are1][and the higher the 
temperature the more recently the two species shared a 
common ancestor.2]

I have explained what the melting temperature means.1

I have explained what temperature suggests 
about relatedness.2

16 a  [Mitochondrial DNA sequences could be compared between 
species.1][If the mutation rate is known,2][the number of 
mutations that accumulate within mtDNA may indicate time since 
divergence.3]

 Other acceptable responses include:

• The number of mutations that accumulate in nuclear DNA 
between species may indicate time since divergence.

• The number of amino acid differences that accumulate between 
species may indicate time since divergence.

• Scientists could use DNA hybridisation to estimate how related 
the species are – the less similar their DNA the longer ago 
they diverged.

• Fossil or stratigraphic evidence such as the sequence of fossils 
may indicate divergence time.

I have identified a technique that could be used.1

I have specified that the mutation rate is needed.2

I have explained how this technique could estimate 
divergence time.3

b i  [Adaptive radiation is a process in which a number of different 
species rapidly diverge from a common ancestor in a relatively 
short period of time.1]

I have defined adaptive radiation.1

 ii  [Although new species are formed, the number of mutations 
that have accumulated between them will have been small1]
[due to the recent divergence.2][As a result, it will be harder to 
distinguish between species since these differences are vital for 
determining relatedness using molecular homology.3]

I have stated that the number of mutations between 
species will be small.1

I have explained that this is due to the recent 
divergence.2

I have stated that this makes it difficult to determine 
relatedness using molecular homology.3

I have signposted my response using terms such as: as 
a result, this results in.

 iii  [The BMP4 gene encodes a signalling molecule1][that is 
responsible for controlling jaw formation in African cichlid fish.2]
[Since BMP4 controls the expression of many other genes,3]
[slight changes in BMP4 expression in the embryo can drastically 
change the jaw shape.4][The accumulation of mutations in the 
BMP4 gene over a short period of time has allowed diversity in 
jaw shape and length to develop, resulting in the variety of the 
current cichlid population.5]

I have referred to BMP4 as a signalling molecule or 
BMP4 as a master gene.1

I have identified that BMP4 controls jaw formation.2

I have explained that BMP4 controls the expression of 
other genes.3

I have described the effect of BMP4 on phenotype.4

I have explained how mutations in BMP4 have resulted 
in adaptive radiation in African cichlids.5

17 a [Isurus paucus.1]

I have stated the correct species.1

b i  [The model that suggests that the mutation rate can be used to 
determine relatedness between two organisms.1]

I have defined the molecular clock.1

 ii  [Mitochondrial DNA has a higher mutation rate than nuclear 
DNA and mitochondrial DNA does not undergo recombination.1]
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  Other acceptable responses include:

• While nuclear DNA is inherited from both parents, 
mitochondrial DNA is inherited only from the mother, making 
it easier to trace lineages with mtDNA.

I have given two advantages of using mitochondrial 
DNA.1

I have used comparative language such as: higher.

c [These results are unexpected since more nucleotide changes 
typically indicates more distant relatedness.1][These results are likely 
due to a limitation of the molecular clock model.2][Mutation rates 
are not always constant and may vary between species3][which 
may explain why Perca fluviatilis and Ichthyosaura alpestris have the 
same number of nucleotide differences but I. alpestris is more closely 
related to humans. In this case, I. alpestris has a higher mutation rate 
than P. fluviatilis.4]

 Other acceptable responses include:

• The different groups may have experienced different selection 
pressures that would have influenced the mutation rate of these 
two species.

I have explained why these results are unexpected.1

I have referred to the molecular clock model.2

I have identified that the mutation rate varies.3

I have explained a limitation of the molecular clock model 
for determining relatedness between I. alpestris, 
P. fluviatilis, and humans.4

d [Using multiple regions of the genome would increase the amount of 
data1][and would reduce the likelihood of any results that are due 
to chance.2]

I have identified that this would increase the amount 
of data.1

I have identified that the likelihood of results being due to 
chance is reduced.2
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14A Defining ‘human’
Theory review questions

1 a Bipedal b Mammals

c Primates d Prehensile

e Hominins

2 C 3 B

4 A 5 D

Exam-style questions

Within lesson

6 C 7 C 8 B 9 D

10 B 11 A 12 B

13 a  [Two features that identify this skull as a hominoid skull are its 
cranium size, which is larger than other primates, and its Y5 molar 
teeth, which are unique to hominoids.1]

I have stated two features that are unique to the hominoid 
superfamily of primates.1

I have used comparative language such as: larger.

b [Hominoids have a broad rib cage and do not have a tail.1] 
[These features indicate they are more closely related to Homo 
sapiens than other primate species.2]

 Other acceptable responses include:

• Hominoids have a shorter spine between the rib cage and pelvis.

I have stated two structural features that are present 
in hominoids.1

I have stated that these features indicate they are more 
closely related to Homo sapiens.2

14 a [Binocular vision, prehensile hands, and an opposable thumb.1]
 Other acceptable responses include:

• Sensitive fingertips.

• Flat fingernails.

• Flexible spine.

• Mobile shoulder joints.

• Relatively large cranium for body weight.

• Forward-facing eyes.

I have identified three features of primates.1

b [The species would not be classified as a primate.1][This is because 
in order to be classified as a primate a species needs to have a 
number of primate features, not just one.2]

I have stated that the species would not be classified as 
a primate.1

I have explained why the species would not be classified 
as a primate.2

15 a [Skeleton 1 is the hominin skeleton.1]

I have correctly stated which skeleton is the hominin 
skeleton.1

b Skeletal Differences Significance

1. Pelvis Hominins have more 
bowl-shaped pelvis 
compared to hominoids.

This provides support 
for the upper body of 
hominins while walking 
upright.

2.Spine Hominins have an 
S-shaped whereas 
hominoids have a 
C-shaped spine.

This allows hominins to 
stay upright for extended 
periods of time.

 Other acceptable responses include:

 Skeletal Differences Significance

Foot Hominin feet have two 
arches and a larger heel 
compared to hominoids.

This makes upright 
locomotion more energy-
efficient for hominins.

Rib cage Hominins have a more 
barrel-shaped rib cage 
compared to hominoids.

This allows hominins to 
remain upright for longer 
periods of time.

Angle of 
femur

Hominins have a greater 
angle of femur compared 
to hominoids

This increases stability 
when walking and 
standing upright for 
hominins

I have completed the table appropriately.

I have used comparative language such as: compared, 
whereas.

I have used appropriate biological terminology such as: 
bowl-shaped pelvis, S-/C-shaped spine, barrel-shaped rib 
cage, angle of femur.

Multiple lessons

16 D 17 A

Key science skills

18 a [Chimpanzee.1]

I have identified which species is most closely related 
to humans.1

b [DNA sequences from the same gene are compared between two 
species.1][Changes in the sequence from one nucleotide to another 
accumulate over time2][and so more nucleotide changes indicate 
more distant relatedness.3]

I have stated that the same gene from each species 
are compared.1

I have stated that nucleotide changes accumulate 
over time.2

I have identified that more nucleotide changes indicate 
more distant relatedness.3

c [Skeletal structure/morphology.1]

I have identified another type of information that could be 
obtained from the skeletons.1
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14B The last 3.6 million years of 
human ancestors

Theory review questions 

1 a Australopithecus b Bipedal

c Brow ridge d Foramen magnum

e Bowl f Homo neanderthalensis

g Cultural evolution

2 C 3 A

4 A 5 D

6 B

Exam-style questions

Within lesson

7 B 8 A 9 D 10 B

11 C 12 C 13 D 14 A

15 D 16 D

17 a  [The skull would have a heavier brow ridge and relatively 
small braincase.1]

 Other acceptable responses include: 

• A more sloped face.

• A less parabolic jaw (U-shaped jaw).

• A less central foramen magnum.

• Larger teeth.

• No chin.

• More prognathic/protruding jaw.

I have stated two features that are characteristic of 
Australopithecus but absent in Homo.1

I have used comparative language such as: heavier.

b i   [Yes, it would be bipedal1][because it was only from 2 million years 
ago and bipedalism evolved in hominins 4 million years ago.2]

I have stated that the species is bipedal.1

I have explained my answer with reference to the 
timeframe that hominins diverged.2

I have referred to the scenario in my response.

 ii  [A bowl-shaped pelvis is a structural feature of bipedalism1][as it 
provides upright hominins with more support whilst walking on 
two legs.2][A central foramen magnum is also a structural feature 
of bipedalism,3][and made it easier for hominins to hold their 
heads upright and look forwards whilst walking upright on 
two legs.4]

  Other acceptable responses include: 

• Short arm to leg ratio, as less time was spent in trees and 
more time walking/running.

• The femur set at a valgus angle between the knee and hip, 
to help with balance and support as the feet are in the middle 
of the body.

• An S-shaped spine, to support upright walking.

• Larger heel, to make bipedalism less impactful to the foot.

• Toes aligned, as no longer need to grasp branches.

• Non-grasping feet, as no longer need to grasp branches.

I have identified a first structural feature that is 
indicative of bipedalism.1

I have explained the role in bipedal locomotion for the 
first structural feature.2

I have identified a second structural feature that is 
indicative of bipedalism.3

I have explained the role in bipedal locomotion for the 
second structural feature.4

 iii  [Bipedalism freed the hands for toolmaking and enabled 
individuals to see above vegetation to scan for predators.1]

  Other acceptable responses include: 

• Carry young.

• Reach higher food.

• Engage in cultural activities and rituals.

I have identified two ways that bipedalism changed 
behaviour.1

I have made sure that I have not discussed ways that 
bipedalism affected physiology or function.

Multiple lessons

18 D

19 a  [Opposable thumbs allow primates to make grasping movements 
and hold both ‘precision’ and ‘power’ grips.1][Furthermore, 
opposable thumbs enabled hominins to develop fine motor skills and 
make tools.2]

I have stated what movements opposable thumbs enable.1

I have stated functional and cultural consequences of 
opposable thumbs for hominins.2

b [Among the ancestors of Homo floresiensis, variation in height would 
have existed.1][Moreover, height would have been a heritable trait.2]
[On the Indonesian island where they lived, there would have been 
a selection pressure3][that made it advantageous for H. floresiensis 
to be short.4][Perhaps the selection pressure was that they used 
less energy with smaller bodies, so didn’t need to eat as much when 
food was limited.5][Over time, shorter H. floresiensis would have had 
more offspring than taller H. floresiensis, leading to an overall smaller 
population.6][In comparison, H. sapiens and H. neanderthalensis 
would have been exposed to different selection pressures that made 
it advantageous to be taller.7]

d [Systematic error.1]

I have correctly identified the type of error that has 
taken place.1
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I have stated that variation in height existed in the 
ancestral population.1

I have stated that this variation was heritable.2

I have explained that there would have been a selection 
pressure acting on the population.3

I have explained that some individuals were fitter than 
others under this selection pressure.4

I have suggested a possible selection pressure.5

I have explained what would happen to the population's 
average height over time.6

I have compared this to H. sapiens and H. neanderthalensis.7

I have signposted my response using terms such as: 
moreover, over time, in comparison. 

c [There is evidence that H. floresiensis could hunt large animals 
and use stone tools.1][Neither of these would be possible without 
high levels of cooperation and communication, including passing 
knowledge on to new generations.2]

I have identified two pieces of evidence for well-developed 
communication and social cooperation.1

I have explained why these are indicators of well-
developed communication and social cooperation.2

Key science skills

20 a  [There would be no H. neanderthalensis DNA in modern African 
H. sapiens.1][This is because, while they shared a common ancestor, 
the two species did not interbreed.2]

I have stated that they would not share DNA.1

I have explained why they would not share DNA.2

b [Scientists could have used the mitochondrial DNA (mtDNA) 
molecular clock to construct this phylogenetic tree.1][The mtDNA 
sequence between Neanderthals, African humans, and 
non-African humans could be compared.2][More differences in 
mtDNA sequences indicates more distant relatedness, so humans 
would have less mtDNA differences between each other than with 
Neanderthals, showing they are more closely related.3]

 Other acceptable responses include: 

• Nuclear DNA.

• DNA hybridisation.

I have suggested a technique to build phylogenies.1

I have explained how the technique works.2

I have stated how the technique reveals relatedness.3

14C Interpreting the human fossil record
Theory review questions 

1 a Homo neanderthalensis b Out of Africa hypothesis

c interbreeding, or 
crossbreeding

d Homo denisova

2 B 3 B

4 C 5 D

6 A

Exam-style questions

Within lesson

7 C 8 B 9 C

10 D 11 B

12 a  [Since the Homo luzonensis fossils aren’t well preserved1] 
[this mixture of features may be a misinterpretation of the actual 
morphology of Homo luzonensis.2]

 Other acceptable responses include: 

• These traits may be analogous structures that have evolved 
independently in Homo luzonensis and other hominin species.

• Homo luzonensis may share traits with multiple hominin species 
because it is a transitional fossil between them.

I have identified a characteristic of the H. luzonensis 
fossils.1

I have given a reasonable explanation for the anatomy of 
Homo luzonensis.2

b [The Homo floresiensis fossils were astonishing because they 
resembled Australopithecus in morphology, suggesting relatedness.1]
[This is unexpected for two reasons. Firstly, H. floresiensis was dated 
to between 60 000 and 100 000 years ago, which is after the 
extinction of Australopithecus that is hypothesised to have occurred 
around 2 million years ago.2][Secondly, H. floresiensis was found in 
Flores in eastern Indonesia whereas Australopithecus is only known 
from sub-Saharan Africa.3]

I have stated the similarity to Australopithecus suggests 
relatedness.1

I have described the difference in age.2

I have described the difference in geographic range.3

I have referred to the scenario using terms such as: 
firstly, secondly.

c Evidence Justification Limitation

1. Fossil 
anatomy

The teeth and bones 
don’t resemble any 
other single hominin 
species, suggesting 
a new species.

The fossils were 
scarce and poorly 
preserved, hard to draw 
conclusions from this 
little evidence.
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I have explained that multiple independent 
interbreeding events would need to have occurred to 
support the other hypothesis.1

I have explained that lack of Neanderthal fossils in 
Australia does not support the other hypothesis.2

Key science skills

14 a  [Suggests Homo sapiens and Denisovans are not different species 
since they could interbreed.1]

I have stated the correct implication.1

b  [Denisovan DNA is not present in African H. sapiens because the 
two populations did not interbreed.1][However, Denisovans did 
interbreed with the ancestors of modern-day Asian and Australian 
H. sapiens, which explains the presence of Denisovan DNA in 
their genomes.2]

I have explained the absence of Denisovan DNA in African 
H. sapiens.1

I have explained the presence of Denisovan DNA in Asian 
and Australian H. sapiens.2

c  [Interbreeding between H. sapiens and Denisovans occurred twice 
independently, once in East Asia and again in Papua New Guinea.1] 
[This is evident because, firstly, the different amounts of Denisovan 
DNA in Papua New Guineans and East Asians may be due to 
different amounts of DNA being exchanged through two separate 
interbreeding events.2][Secondly, the higher similarity of Siberian 
Denisovan DNA to the DNA in the East Asian genome compared 
to the DNA in the Papua New Guinean genome suggests less 
divergence between the exchanged genetic material.3][This would 
mean the interbreeding event with East Asians occurred more 
recently, and therefore separately, than the Papua New Guinean 
interbreeding event.4] 

I have suggested that two separate interbreeding 
events occurred.1

I have explained how the first finding suggests separate 
interbreeding events.2

I have explained how the second finding suggests an 
earlier interbreeding event.3

I have inferred that this more recent interbreeding event 
would have been separate.4

I have signposted my response by using terms such as: 
firstly, secondly.

I have used comparative language such as: higher, 
compared to, fewer.

d  [This DNA could belong to another unidentified hominin species that 
humans interbred with in the past.1]

 Other acceptable responses include: 

• These sequences could simply be DNA from Neanderthals or 
Denisovans that have mutated to become unrecognisable.

I have given a reasonable explanation.1

2. Uranium-
series dating

The fossils were 
dated to around 50 
000 years ago, and 
look unlike any other 
hominins from that 
period and location, 
suggesting it’s a new 
species.

Uranium-series dating 
can be unreliable when 
dating bones and teeth.

I have filled in the table completely.

I have referred to the text in each justification 
and limitation.

I have used appropriate biological terminology such as: 
suggests, supports, hominin, dating.

Multiple lessons

13 a  [Scientists could compare DNA from a known Neanderthal to the 
human genome using molecular homology.1][Regions with incredibly 
high sequence homology indicate regions of Neanderthal DNA 
within the human genome.2]

I have suggested molecular homology using DNA.1

I have explained that high sequence homology indicates 
Neanderthal DNA.2

b  [Interbreeding occurred between H. neanderthalensis and ancestors 
of present-day European, East Asian, and Australian Aboriginal 
H. sapiens.1][DNA was exchanged between each species2][via gene 
flow3][and was passed from one generation to the next.4]

I have stated that interbreeding occurred between 
H. neanderthalensis and non-African H. sapiens.1

I have stated that DNA was exchanged between these 
two species.2

I have identified that gene flow occurred.3

I have stated that this exchanged DNA is inherited.4

I have not identified this as genetic drift.

c i  [The Out of Africa hypothesis is supported by this evidence since 
Neanderthals would have interbred with H. sapiens that migrated 
into Eurasia from Africa.1][This Neanderthal DNA would have 
remained in this group of humans as they colonised Europe, Asia, 
and Australia.2][to create the populations seen in the diagram.3]

I have stated that Neanderthals interbred with 
H. sapiens in Eurasia.1

I have explained how modern H. sapiens diverged from 
this Eurasian ancestor.2

I have linked my explanation to the data.3

 ii  [The DNA evidence does not support the multiregional 
hypothesis since interbreeding between Neanderthals and 
H. sapiens would have to have occurred independently between 
European, East Asian and Australian Aboriginal H. sapiens 
populations, which is unlikely.1][Furthermore, there is no 
evidence of Neanderthals ever being found in Australia.2]
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Chapter 14 Review
SECTION A

1 C 2 D 3 B

4 C 5 B 6 B

7 D 8 C 9 A

SECTION B

10 a  [Species 2.1]

I have identified which species is more closely related 
to Homo sapiens.1

b [Species 2 doesn’t have a tail.1]

 Other acceptable responses include:

Species 2 has a larger skull.

Species 2 has a shorter spine between the rib cage and pelvis.

Species 2 has longer arms than legs.

I have identified one feature of skeleton 2.1

c [Species 2 would most likely have sat upright.1][This is suggested by 
the width of the rib cage.2]

  Other acceptable responses include:

• The lack of a tail.

• A shorter spine between the rib cage and pelvis.

I have identified that species 2 would likely have sat upright.1

I have stated a feature of the skeleton that indicates the 
primate would have sat upright.2

11 a  [Firstly, the pelvis shape in hominins is more bowl-shaped compared 
to the longer, more narrow pelvis of primates. Secondly, hominins have 
an S-shaped spine, whereas other primates have a C-shaped spine.1]

 Other acceptable responses include:

• The foramen magnum has become more central.

• The ribcage has become more barrel-shaped.

• The arm-leg ratio has decreased.

• The foot arch has increased.

• The big toe has become more protruding.

• The heel size has increased.

I have correctly identified two structural changes.1

I have used comparative language such as: compared, 
whereas.

I have signposted my response using terms such as: 
firstly, secondly.

b [One behavioural effect of bipedalism in hominins is that they 
carried their young.1][This was possible because becoming bipedal 
meant hominin hands became free.2][Another behavioural effect of 
bipedalism in hominins is that they could raise their head to scan for 
predators.3][This was possible because standing on two legs gave 
them extra height.4]

  Other acceptable responses include:

• Toolmaking due to free hands.

• Reaching higher food due to increased height.

• Engaging in artistic pursuits due to free hands.

• Spend longer time in the open foraging and hunting due to 
energy-saving bipedal movement.

• Cooking due to free hands.

• Use of fire due to free hands.

I have identified one behavioural effect of bipedalism.1

I have explained how becoming bipedal led to this 
behaviour.2

I have identified a second behavioural effect of bipedalism.3

I have explained how becoming bipedal led to this 
behaviour.4

I have signposted my response using terms such as: 
one, another.

12 a  [A less central foramen magnum and a smaller braincase.1]
 Other acceptable responses include:

• A more sloped face.

• A larger brow ridge.

• More prognathic/protruding jaw.

• A less parabolic jaw (U-shaped jaw).

• Larger teeth.

• No chin.

I have stated two features that distinguish the genuses 
Homo and Australopithecus.1

I have used comparative language such as: less, more, 
smaller, larger.

b i  [Based on the diagram, the earliest appearance of the genus 
Homo was just over 2 million years ago with the species Homo 
habilis.1][If Homo naledi were a ‘link’ between the Australopithecus 
genus and the Homo genus then it would need to have existed 
before Homo habilis, over 2 million years ago and after the first 
appearance of Australopithecus over 4 million years ago.2][This 
explanation matches the first group of scientists’ dating of H. 
naledi fossils to be over 2 million years old, and supports their 
hypothesis that H. naledi 
is a ‘link’.3]

I have stated that the first appearance of the Homo 
genus was over 2 million years ago.1

I have stated when H. naledi must have existed for it to 
be a link between Homo and Australopithecus.2

I have shown the link between the scientists’ dating of 
the fossils and the diagram.3

I have referred to the figure in my response.

I have used appropriate biological terminology such as: 
hypothesis, supports, Homo.
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 ii  [Comparison of mtDNA sequences1][between Homo 
neanderthalensis and Homo sapiens from Eurasian and African 
populations.2][Such a comparison would reveal that Homo 
neanderthalensis and Eurasian Homo sapiens share sequences that 
are not found in African Homo sapiens,3][suggesting interbreeding 
between Homo neanderthalensis and Eurasian Homo sapiens.4]
Other acceptable responses include:

• Comparing Nuclear DNA.

• DNA hybridisation.

I have suggested an appropriate method.1

I have suggested a comparison between Homo 
neanderthalensis, Eurasian Homo sapiens, and African 
Homo sapiens.2

I have explained the results of such an experiment.3

I have explained how this evidence would support 
the hypothesis.4

13 a [Skull B.1]

I have correctly identified the gorilla skull.1

b [The presence of a sagittal crest, relatively smaller cranial capacity, 
and larger canine teeth.1]

 Other acceptable responses include:

• A less central foramen magnum.

• A larger brow ridge.

• A U-shaped/rectangular dental arch.

I have identified three features of the gorilla skull that 
differentiate it from the Homo sapiens skull.1

I have used comparative language such as: more, larger.

14 a  [A more posterior foramen magnum and a relatively smaller  
braincase.1]

 Other acceptable responses include:

• A more prominent brow ridge.

• A more U-shaped dental arch.

• Larger canine and molar teeth.

• A less central foramen magnum.

I have identified two features of the skull that would 
indicate it belonging to Australopithecus and not Homo.1

I have used comparative language such as: more, relatively. 

I have not included features common to all primates in 
my response.

b [A more C-shaped spine and a larger arm-leg ratio.1]
 Other acceptable responses include:

• A more funnel-shaped ribcage.

• A longer, more narrow pelvis.

• A flatter foot.

• A less protruding big toe.

• A small heel.

I have identified two non-skull features that would indicate 
it belonging to Australopithecus and not Homo.1

I have used comparative language such as: more, larger. 

I have not included features common to all primates in 
my response.

15 a [Longer arms and prehensile feet.1]

I have identified two skeletal features.1

b [The cranial capacity of the fossil’s skull.1][This suggests that the 
species would have had a large brain and would have been capable 
of language,2][which is a key component of cultural evolution.3]

I have identified a feature of the fossil.1

I have explained what the identified feature implies about 
the species’ cognitive capacity.2

I have related this back to the process of cultural evolution.3

c [Using the molecular clock model to compare nucleotide sequences 
between the three species would indicate their relatedness.1] 
[Comparing the genomes of each species with each other using 
DNA hybridisation would also indicate their relatedness.2]

 Other acceptable responses include:

• Using the molecular clock model to compare amino acid 
sequences between the three species would indicate  
their relatedness.

• Comparing homologous or vestigial structures may give an 
indication of their relatedness.

• Finding fossil evidence of a common ancestor and dating it would 
give an indication of the relationship between the three species.

I have stated one method that could be used to determine 
relatedness between the three species.1

I have stated second method that could be used to 
determine relatedness between the three species.2

d [Interbreeding resulting in the creation of fertile offspring may 
have occurred between bonobos and P. t. troglodytes and P. t. 
schweinfurthii.1][Firstly, the map shows the bonobos, P. t. troglodytes, 
and P. t. schweinfurthii live in adjacent areas, so it’s possible that 
individuals may have met and successfully mated.2][Additionally, 
one percent of these two chimpanzee subspecies genomes is shared 
with bonobos, suggesting an exchange of genetic material.3]

I have stated a hypothesis that explains the shared DNA.1

I have used geographic evidence to support the hypothesis.2

I have used genetic evidence to support the hypothesis.3

I have signposted by response using words such as: 
firstly, additionally. 
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BONUS  – CARTOON QUESTION ANSWERS

Multiple choice questions 

1 D. a shorter, bowl-shaped pelvis

2 C. language

Short answer questions 

3 [Bipedalism allowed the ancestors of homo douchensis to reach 
higher food while foraging 1] [and engage in cultural activities such 
as making art.2]
Other acceptable responses include:

• Carry young.

• Freed hands for toolmaking. 

• See above vegetation to search for predators and food.  

i have identified one ways that bipedalism changed 
behaviour.1

i have identified a second way that bipedalism 
changed behaviour.2

4 [Among the ancestors of Homo douchensis, variation in cranial 
capacity would have existed.1][Moreover, cranial capacity 
would have been a heritable trait.2][in the environment of Homo 
douchensis’ ancestors there would have been a selection pressure3]
[that made it advantageous for Homo douchensis to be capable of 
abstract thinking, which required a larger cranial capacity.4][Over 
time, ancestors of Homo douchensis with larger cranial capacities 
would have had more offspring, leading to the large cranial 
capacity of Homo douchensis we see today.5]

i have stated that variation in cranial capacity existed 
in the ancestral population.1

i have stated that this variation was heritable.2

i have explained that there would have been a 
selection pressure acting on the population.3

i have explained that some individuals were fitter than 
others under this selection pressure.4

i have explained what would have to the population’s 
average cranial capacity over time.5

i have signposted my response using terms such as: 
moreover, over time.
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15A Enzymes that cut, paste, and 
multiply DNA

Theory review questions 

1 a Polymerases b Sticky end

c Ligases d Restriction enzymes

e Recognition site f Blunt end

2 D 3 C

4 B 5 B

Exam-style questions

Within lesson

6 C 7 B 8 C 9 A

10 a  [To act as molecular scissors that cut phosphodiester bonds along 
nucleic acid strands1][at a specific recognition site.2]

I have stated the role of restriction enzymes.1

I have identified where they operate.2

b [Four.1]

I have identified the number of fragments produced.1

c [10, 20, 30, and 40 1][kbp.2]

I have identified the four fragment lengths.1

I have given my answer in kilobase pairs.2

Multiple lessons

11 a  [Transcription.1]

I have identified the correct process.1

b [The ribosome binds to and reads the mRNA, initiating translation.1]
[The tRNA delivers specific amino acids to the ribosomes, as 
prescribed by the order of codons on the mRNA.2][Amino acids 
are joined by condensation polymerisation, elongating into a 
polypeptide chain.3][Once the stop codon is reached, the translation 
is terminated and the GFP polypeptide chain is released.4]

I have stated that the ribosome binds to and reads  
the mRNA.1

I have explained that tRNA delivers amino acids to 
the ribosomes.2

I have identified how amino acids are joined.3

I have described the termination process.4

I have referred to GFP in my response.

I have used appropriate biological terminology such as: 
mRNA, tRNA, ribosome, codon, amino acid, elongation, 
termination, initiation.

c [Restriction enzymes (endonucleases).1]

I have identified the correct enzyme.1

d [To join fragments of DNA together by catalysing the formation of 
phosphodiester bonds between nucleotides to form the 
sugar-phosphate backbone.1]

I have identified the role of DNA ligase.1

Key science skills

12 a  [Polymerase.1]

I have identified the correct enzyme. 1

b i  [Sticky end restriction enzymes cleave DNA with overhanging 
additional nucleotides.1][The overhanging nucleotides are 
attracted to unpaired complementary nucleotides on another 
sticky-ended fragment so2][they can join two target fragments 
together in the right orientation more easily.3]

I have explained what sticky-end restriction 
enzymes do.1

I have explained the effect of the overhanging 
nucleotides.2

I have summarised how this is useful.3

 ii  [SalI, HindIII, and ClaI.1]

I have stated the correct sticky end restriction 
enzymes.1

c i  [The test tube without an enzyme acts as a control1][and 
shows that the changes in the other test tubes are due to the 
independent variable (restriction enzyme) rather than any 
confounding variables.2]

I have labelled the test tube as a control.1

I have explained the purpose of a control.2

I have referred to the scenario in my response.

 ii  [The concentration and the volume of the restriction enzyme in 
each sample.1]

  Other acceptable responses include: 

• The temperature of each test tube during incubation must be 
the same.

I have identified two controlled variables.1

note: Saying 'same amount of DNA buffer solution' or 'the 
same incubation time' is not acceptable since Ahmed and 
Sunitha already considered it in the scenario.

 iii  [Sunitha is correct1][as one recognition site for HindIII is present 
in the DNA sample.2]

I have named who is correct.1

I have given evidence by referring to the number of 
recognition sites for HindIII in the sample.2

d i  [They cannot identify the enzyme1][as its recognition site does 
not match any of the known samples that they completed.2]
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15B Polymerase chain reaction
Theory review questions 

1 a Taq polymerase b Primer

c Denaturing stage d Annealing

2 A 3 C

4 D 5 C

Exam-style questions

Within lesson

6 C 7 A

8 a [Polymerase chain reaction.1]

I have identified the method.1

b [DNA is heated to approximately 94 ˚C1][to denature and separate 
the strands.2]

I have stated an approximate temperature for stage 1.1

I have explained what happens to the DNA in stage 1.2

c [Primers are added to the mixture1][to bind to complementary 
nucleotide sequences of each single-stranded polynucleotide chain. 
This allows Taq polymerase to begin building a complementary 
strand.2]

I have named these molecules.1

I have explained the purpose of these molecules.2

d [Stage 3 must occur at 72 °C.1][This is the optimum temperature  
for Taq polymerase to elongate the strand of DNA.2]

I have identified the temperature stage 3 must occur at.1

I have explained why it must occur at a  
specific temperature.2

Multiple lessons

9 A 10 C

11 a [Polymerase chain reaction.1]

I have named the process.1

b [Taq polymerase1][is required in the extending stage to bind 
complementary nucleotides to the single-stranded DNA.2]

 Other acceptable responses include:

• A segment of DNA is required initially that then undergoes PCR 
to be amplified.

• A large supply of the four different nucleotide bases is required 
for Taq polymerase to create a new strand complementary to the 
single-strand.

• DNA primers are required to bind to single-stranded DNA to 
initiate the complementary strand and allow Taq polymerase to 
extend it.

I have identified a substance required for PCR.1

I have explained the purpose of the substance in PCR.2

c i  [The process is DNA hybridisation.1][This involves heating DNA 
to 95 °C to break the hydrogen bonds between strands.2][Single 
strands from both species are then mixed together and cooled, 
allowing the two strands to form hydrogen bonds with each 
other, creating double-stranded hybrid DNA.3][Hybrid DNA is 
then reheated and the temperature at which half of the DNA 
becomes single-stranded is noted. This temperature is known as 
the melting temperature (Tm)4][and can be used to determine the 
relatedness of two species.5]

I have identified the process.1

I have described the denaturation stage.2

I have described the hybridisation stage.3

I have described the melting stage.4

I have mentioned that the melting temperature is used 
to determine relatedness.5

I have not explained the polymerase chain reaction in 
my response.

 ii [Homo sapiens.1]

I have stated the species that Ötzi belongs to.1

Key science skills

12 a i [Polymerase chain reaction.1]

I have named the process.1

 ii  [In the denaturing stage, the mixture is heated to approximately 
94 °C to denature the DNA and separate the strands.1][In the 
annealing stage, DNA is cooled to approximately 55 °C to allow 
primers to attach to the single-stranded DNA.2][In the extending 
stage, the DNA is heated to 72 °C and Taq polymerase copies the 
strands.3][The cycle is then repeated to produce more copies.4]

I have explained the denaturing stage.1

I have explained the annealing stage.2

I have explained the elongation stage.3

I have stated whether the enzyme can be identified.1

I have explained that the recognition site is different to 
the other enzymes.2

I have referred to the scenario in my response.

 ii  [The restriction enzyme must produce sticky ends as there are 
overhanging nucleotides.1][The recognition site for this enzyme 
is 5’ G G A T C C 3’ and the cut occurs between the two guanine 
nucleotides.2]

I have identified the type of restriction enzyme.1

I have stated the recognition site.2
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15C Gel electrophoresis
Theory review questions

1 a Electrodes b Standard ladder

c Gel electrophoresis d Base pair (bp) or kilobase
   

e Ethidium bromide

2 A 3 B

4 D 5 D

6 C

Exam-style questions

Within lesson

7 D 8 A 9 D

10 a [Molecular size and charge.1]

I have stated both properties.1

b i  [The individuals corresponding to lanes 2 and 4 are homozygous 
for the D18S51 STR and so contain twice the amount of DNA  
for that allele, resulting in a thicker band.1][The lanes with two 
bands are heterozygous and so contain fragments of two  
different sizes.2]

I have explained why there is only one band in  
some lanes.1

I have explained why there are two bands in  
some lanes.2

I have used appropriate biological terminology such as: 
heterozygous, homozygous.

 ii  [Four.1]

I have stated the correct number of alleles.1

 iii  [Fragment A.1]

I have stated the correct fragment.1

 iv  [Suspect in lane 6.1][The bands in this lane are identical to the 
bands in the blood sample found on the victim in lane 3.2]

I have identified the correct suspect.1

I have explained my reasoning.2

Multiple lessons

11 B 12 D 13 D
 

14 B 15 C 16 A

Key science skills

17 a [Blood sample 2.1]

I have identified the correct blood sample.1

b [The blood samples could come from humans or other animals that 
the mammoth fought.1]

I have proposed a likely hypothesis for the presence of 
blood samples.1

18 a i [Polymerase chain reaction.1]

I have named the correct process for  
amplifying DNA.1

 ii   [The sample is heated to around 94°C in order to break down the 
hydrogen bonds in the DNA, denaturing it.1][DNA is then cooled 
to around 55°C to allow primers to bind to regions at either end 
of the region of interest.2][The sample is then heated to around 
72°C to allow Taq polymerase to make a copy of the region of 
interest using the primer as a starting point.3][This doubles the 
amount of DNA in the sample. This process is repeated many 
times to amplify the DNA sample.4]

I have described the denaturation stage of PCR.1

I have described the primer binding (annealing)  
stage of PCR.2

I have described the extension stage of PCR, 
mentioning Taq polymerase.3

I have specified that this process must be repeated  
many times.4

15C 

I have stated that the cycle is repeated.4

b i  [Mohammad’s method was unsuccessful,1][as the temperature 
he applied for the first step of PCR was far too low and would not 
have denatured the double-stranded DNA.2]

I have identified whose method was unsuccessful.1

I have justified my response.2

 ii [Systematic error.1]

I have identified the correct measurement error type.1

c [They must calibrate their machine so their temperatures  
are accurate.1]

 Other acceptable responses include:

• Mutagens inducing mutations that change the DNA.

• Spontaneous mutations changing the DNA.

• Avoid contamination with other DNA samples.

• Account for heat loss.

I have identified a possible factor that could influence  
the experiment.1

d [DNA primers join to their complementary nucleotide sequence 
in the specific segment of single-stranded DNA1][and allow Taq 
polymerase to start copying the DNA.2]

I have stated that the primers bind to the end of the DNA.1

I have explained how primers help Taq polymerase.2
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I have stated approximate temperatures for each of the 
three stages.

I have signposted my response using terms such as:  
firstly, secondly.

b [It could be due to contamination of that sample.1]

I have suggested contamination.1

c [Sample B is Riku’s mother. Sample C is his maternal grandfather. 
Sample D is his father.1]

I have correctly identified the three samples in the gel.1

d i  [A standard ladder allows a researcher to measure the molecular 
size of a molecule1][by comparing it to a series  
of molecules of a known size.2]

I have stated that standard ladders measure  
molecular size.1

I have stated how standard ladders work.2

 ii   [No.1][In this experiment, the purpose is to compare the 
relatedness between individuals.2][This is achievable by simply 
observing whether bands of different individuals are the same 
size as each other or not. Exact measurements of base pair length 

wouldn’t be necessary.3]

I have stated that a ladder is not necessary.1

I have stated the purpose of this experiment.2

I have explained why a standard ladder is unnecessary 
for this experiment.3

15D Bacterial transformation
Theory review questions 

1 a  Gene of interest (or desired 
gene or insert DNA)

b Plasmid vector

c Transformation d Reporter gene

e Antibiotic selection f Recombinant plasmid

2 D 3 A

4 B 5 B

Exam-style questions

Within lesson

6 D 7 B 8 C

9 C 10 C

Multiple lessons

11 a  [‘Transform’ refers to the uptake of a plasmid by a bacterium.1]

I have stated that transformation is the uptake of plasmids 
by bacteria.1

I have used appropriate biological terminology such as: 
plasmid, bacteria.

b i  [Restriction enzymes are used to cut the plasmid vector1][and 
the gene of interest2][allowing the gene to be inserted into  
the plasmid.3]

I have stated that the restriction enzymes cut  
the plasmid.1

I have stated that the restriction enzymes cut the gene  
of interest.2

I have explained that this makes it possible to insert the 
gene of interest into the plasmid.3

I have used appropriate biological terminology such as: 
plasmid, vector.

 ii  [DNA ligase is used to insert the gene of interest into the plasmid 
vector to form a single piece of DNA.1]

I have stated that DNA ligase inserts the gene of 
interest into the plasmid vector.1

I have used appropriate biological terminology such as: 
plasmid, vector.

c [The scientists should observe colonies of transformed bacteria 
on the nutrient agar.1][Transformed bacteria should form colonies 
because they contain the tcl gene, conferring resistance to 
tetracycline in the culture.2][The untransformed bacteria would be 
unable to form colonies and die3][since they do not contain the  
tcl gene.4] 

I have stated that transformed bacteria would  
form colonies.1

I have explained why transformed bacteria would  
form colonies.2

I have stated that untransformed bacteria would not  
form colonies.3

I have explained why untransformed bacteria would not 
form colonies.4

I have used appropriate biological terminology such as: 
transformed, culture, resistance.

d [The genetic code is universal,1][meaning that a human gene  
can be expressed by bacteria, despite the gene coming from a 
different species.2]

I have stated that the genetic code is universal.1

I have explained the meaning of the term ‘universal’.2

Key science skills

12 A 13 B 14 D

15 a  [Non-pathogenic means this bacteria does not cause disease.1]
[Recombinant means the bacteria contains foreign DNA.2]

I have explained the meaning of ‘non-pathogenic’.1

I have explained the meaning of ‘recombinant’.2

b [Polymerase chain reaction.1]
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I have identified which bacteria will die.2

I have described that the resistance to ampicillin is 
inherited by transformed bacteria.3

I have stated that transformed bacteria contain the 
human insulin gene.4

I have stated that scientists can extract transformed 
bacteria.5

I have not stated that the bacteria are selected for 
using tetracycline.

c  i  [EcoRI is a sticky-end restriction enzyme1][which means after 
each cut, there are overhanging nucleotides2][unlike the other 
blunt-end restriction enzymes with no overhanging nucleotides.3]

I have classified the which type of restriction  
enzyme EcoRI is.1

I have explained the features of this type.2

I have compared EcoRI to the other  
restriction enzymes.3

 ii  [EcoRI results in overhanging nucleotides,1][which means that 
fragments of DNA that have also been cut with EcoRI can form 
H bonds between the complementary base pairs between each 
strand.2][Additionally, blunt-ended cuts can result in target 
fragments being inserted back-to-front.3][Both of these factors 
mean that using EcoRI makes successful recombination more 
likely than using AluI or HaeIII.4]

I have stated what feature is beneficial.1

I have outlined how sticky ends affect specificity with 
target DNA.2

I have outlined how sticky ends affect the orientation  
of insert-DNA.3

I have stated that recombination is more likely to be 
successful if using sticky cuts.4

I have signposted my response using terms such  
as: additionally.

ANSWERS 757



16A The ethics of manipulating DNA
Theory review questions 

1 a Short tandem repeats (STR) b Ex vivo

c Clone d Gene therapy

e In vivo f DNA profiling or 
DNA fingerprinting

g Genetic engineering h Genetic screening

2 C 3 A

4 B 5 B

Exam-style questions

Within lesson

6 D 7 D 8 A

9 B 10 D 11 C

12 A 13 A 14 B

 15  a  [The viral vector has been modified to contain genes that encode for 
the production of the defensins protein.1][When introduced into the 
citrus tree, the modified virus integrates its own DNA into the nuclear 
DNA of the citrus trees,2][allowing the trees to produce the defensins 
protein and providing a natural resistance to citrus greening.3]

I have described the genetic makeup of the modified 
viral vector.1

I have explained what effect the viral vector has on the 
genetic makeup of the citrus trees.2

I have explained how this causes a resistance to citrus 
greening in treated trees.3

I have referred to the scenario in my response using terms 
such as: citrus tree, defensins.

I have used appropriate biological terminology such as: 
viral vector, DNA.

   b  [The treatment could have unforeseen consequences in future 
generations when exposed to new environments.1] 

    Other acceptable responses include:

• The treatment may have unforeseen effects on people ingesting 
the fruit.

• The treatment may reduce the fitness of treated trees when not 
at risk of citrus greening.  

• The treatment may induce a response within the tree's 
immune system.

• The viral vector may still be pathogenic.

I have identified an ethical concern of treating trees with a 
viral vector.1

Multiple lessons

 16  D  17  A  18  D

 19  a  [Suspect 3 is most likely to have been at the crime scene.1]

I have correctly identified the most likely suspect.1

   b  [The amount of DNA extracted from the crime scene would be too 
little for use in gel electrophoresis.1] [PCR was used to amplify the 
total amount of available DNA for use in gel electrophoresis.2]

I have explained how much DNA can be extracted from 
trace blood samples.1

I have explained how PCR could have been useful in 
this situation.2

   c  [Benefit: DNA profiling can accurately identify individuals from trace 
amounts of DNA.1][Concern: The individual whose DNA has been 
sequenced may not own the DNA data.2]

    Other acceptable responses include:

• Benefit: DNA profiling could help identify bodies after tragedies. 

• Benefit: DNA profiling could assist in matching organ donors 
and patients.

• Concern: Many people may have access to the DNA data.

• Concern: Many people may not consent to having their 
DNA sequenced.

I have identified an ethical benefit of DNA profiling.1

I have identified an ethical concern of DNA profiling.2

Key science skills

 20  a  [In vivo describes experimental processes taking place within an 
organism,1] [whereas ex vivo describes experimental processes 
taking place outside of an organism, usually in a lab.2]

I have explained what the term in vivo means.1

I have explained what the term ex vivo means.2

I have used comparative language such as: whereas.

b i  [The tadpole at the end of treatment A is genetically identical 
to animal Y, as all genetic material from animal X has been 
destroyed.1] [Whereas, the tadpole at the end of treatment B is 
genetically similar to animal X, but also contains genes which 
have been inserted by the viral vector.2]

I have described the genetic makeup of the tadpole 
after treatment A.1

I have described the genetic makeup of the tadpole 
after treatment B.2

I have used comparative language such as: whereas.

I have used appropriate biological terminology such as: 
viral vector, genetically identical, clone.

 ii  [The scientists were testing the effectiveness of each treatment1]
[as indicated by tadpole survival rates.2][20% of embryos in 
treatment A survived as normal tadpoles,3][and 28% of embryos 
in treatment B survived as normal tadpoles.4][Therefore, the 
scientists would have concluded that treatment B is the most 
effective procedure for treating this genetic disease.5]
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I have identified what the scientists were testing in 
the experiment.1

I have identified what measurement scientists would 
have used to indicate effectiveness.2

I have stated the results of treatment A.3

I have stated the results of treatment B.4

I have stated which treatment type is the 
most effective.5

 iii  [A potential experimental control could include allowing the 
embryos of animal X to develop in similar environmental 
conditions to treatments A and B, but not receive any 
treatment.1][Rates of early embryo formation and final survival as 
normal tadpoles would be recorded.2][If the rates of development 
to normal tadpoles in the control were less than either treatment 
A or B, then the treatments were having a positive effect on 
normal tadpole development.3]

I have described a potential experimental control.1

I have stated that individual stages of development will 
be recorded.2

I have explained how the results of this control could 
be used to help determine the effectiveness of 
each treatment.3

 iv  [The rate of survival of tadpoles would have likely been lower 
than the current treatment A.1][This is because incompatibilities 
between nuclear DNA and other sources of genetic information, 
such as mtDNA, would have arisen.2]

I have stated a likely rate of survival if the embryo were 
fertilised with a donor nucleus of a different species.1

I have explained the likely rate of survival.2

16B Genetic modification for agriculture
Theory review questions

1 a GM food b Ethical implications

c Genetically modified  
organism (GMO)

d Social implications

e Transgenic organism (TGO) f Biological implications

2 B 3 C

4 A 5 C

Exam-style questions

Within lesson

6 D 7 A 8 B

9 C 10 C 11 A

12 A

13 a  [Some people consider genetically modifying foods as ‘playing God’.1]
Other acceptable responses include:

• GM foods are not naturally occurring.

• Companies that own the patents for GM crops can make unfair 
rules regarding use of their product.

I have stated a reasonable ethical implication of GM foods.1

I have referred to the scenario by specifying an implication 
relevant to GM crops.

   b  [Golden rice contains higher levels of beta-carotene, a precursor  
to vitamin A.1][Increasing vitamin A in the diets of people in poorer 
countries will reduce the incidence of vitamin A deficiency.2]
[Reduced vitamin A deficiency will result in improved public health.3]

I have stated that golden rice contains increased levels of 
beta-carotene, a precursor to vitamin A.1

I have stated that increased golden rice intake will reduce 
vitamin A deficiency.2

I have stated that decreasing vitamin A deficiency 
improves public health in poorer countries.3

I have used appropriate biological terminology such as: 
beta-carotene, vitamin A, deficiency.

   c i [Improved nutrition through increased intake of vitamin A.1]
Other acceptable responses include:

• Saves lives as avoids vitamin A deficiency.

• Increased intake of vitamin A improves health, leading to 
benefits to the community.

I have stated a beneficial biological implication  
of golden rice.1

    ii  [Farmers can save rice to be used in the next year’s harvest, 
which can lead to increased profits.1]
Other acceptable responses include:

• Golden rice improves socioeconomic levels because  
of a reduction in death and disease.

• Increases public health resulting in increased morale.

• Proven safe to eat for consumers.

I have stated a beneficial social implication  
of golden rice.1

    iii  [Bt cotton reduces the environmental impacts of insecticides.1]
Other acceptable responses include:

• Increases crop yield due to less predation from insects.

I have stated a beneficial biological implication  
of Bt cotton.1
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16C Modern disease management
Theory review questions 

1 a Pandemic b Antibiotics

c Narrow spectrum d Antimicrobial resistance

e Epidemic f Vector

2 B 3 B

4 D 5 D

    iv [Bt cotton might contribute to skin allergies in farmers.1]
Other acceptable responses include:

• Genes might get into weed crops and reduce the number  
of predators for insects that feed on Bt cotton.

• Could reduce insect pest population which may impact  
the food web.

I have stated a detrimental biological implication  
of Bt cotton.1

Multiple lessons

14 a i  [Inserting the gene from the bacteria may give algae the ability to 
tolerate highly acidic conditions.1][Such algae will be less likely  
to leave the coral tissues due to environmental changes, thus 
reducing susceptibility to bleaching.2]

I have explained the effect of the gene insertion on algae.1

I have explained how such algae will reverse coral bleaching.2

I have referred to the scenario in my response.

    ii  [Less coral bleaching would result in increased tourism to the 
Great Barrier Reef.1]
Other acceptable responses include:

• Public outcry due to introduced GM algae may cause people  
to boycott the Great Barrier Reef and reduce tourism.

• Reducing coral bleaching will improve public morale.

I have suggested a social implication of creating GM 
coral to reverse coral bleaching.1

   b i  [This is not considered genetic modification1][since there is no 
alteration to DNA using genetic engineering technologies.2][This  
is simply just introducing algae from one population to another.3]

I have correctly identified whether this approach is 
genetic modification or not.1

I have supported my answer by referring to the 
definition of genetic modification.2

I have supported my answer by referring to  
the scenario.3

    ii  [Coral in the Great Barrier Reef will be less susceptible to coral 
bleaching due to the introduction of algae that are more tolerant 
to warmer conditions.1]
Other acceptable responses include:

• the genetic diversity of algae in the coral reef may be reduced 
due to the introduced algae out-competing the local algae.

• the genetic diversity of algae in the coral reef will be  
increased due to introduction of alleles from a new gene pool.

I have given an example of a biological implication of 
this approach.1

I have used appropriate biological terminology such as: 
algae, coral.

Key science skills

15 C 16 B 17 A

18 a  [The independent variable is treatment with viral vector1][whilst the 
dependent variable is presence/absence of citrus greening.2]

I have identified the independent variable.1

I have identified the dependent variable.2

   b  [Citrus trees containing the viral vector will be less affected  
by citrus greening than trees without the viral vector.1]

I have stated a plausible hypothesis.1

I have referred to both the independent and 
dependent variable.

   c  [The genetic engineers need to use a sufficient number of trees for 
both the treatment and control groups. They should also ensure 
that the trees in each group are kept in the same environmental 
conditions (e.g. light and water).1]
Other acceptable responses include:

• The same number of incisions are made in each tree.

• Same amount of viral vector delivered into each tree  
in the treatment group.

• All trees are treated at the same time.

I have outlined two measures that would increase the 
reliability of this experiment.1

I have referred to the scenario in each of my answers.

   d  [Extensive field trials are necessary in order to ensure the method is 
safe for use on the organism being modified.  
They also assess the effect of GM crops on an ecosystem  
(eg. pollinators, soil).1]
Other acceptable responses include:

• To ensure the method is safe for use on products  
for human consumption.

• To ensure the GMO does not impact on the  
environment negatively.

• To ensure the GMO does not impact on wildlife negatively.

• To ensure that the GMO does not spread uncontrollably  
to nearby crops.

• To assess the ability of the GM crop to grow in an  
agricultural setting.

I have outlined two reasons why field trials are necessary.1
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Exam-style questions

Within lesson

6 C 7 C 8 D

9 a  [Polio is spread via the faecal-oral route.1][Therefore, an  
effective method to prevent the spread of it would be to increase/

improve sanitation and hygiene.2]
 Other acceptable responses include: 

• Specific examples of improving sanitation/hygiene 
e.g. washing hands.

I have identified how the virus is spread.1

I have stated a method for preventing the spread of polio.2

I have not stated a method that could not be identified 
using the information provided such as: vaccination. 

b [Ebola.1]

I have correctly identified the least contagious disease.1

c i  [That the disease has not spread beyond a specific population in 
a specific place.1]

I have stated what the term epidemic means.1

 ii  [Scientists could test for the presence of the virus by using an 
enzyme-linked immunosorbent assay.1][This test identifies the 
presence of antibodies in the blood by using antigens 
from pathogens.2]

  Other acceptable responses include:

• Visualising the pathogen.

• Use of biochemical testing.

• Use of molecular techniques, including hybridisation-based 
detection, amplification-based detection, or whole 
genome sequencing.

I have identified one method of pathogen identification 
that could be used in this case.1

I have described this method.2

 iii  [Authorities would quarantine the traveller until they showed no 
signs of disease.1][This would prevent the disease from entering 
the Australian population.2] 

  Other acceptable responses include:

• Testing for the presence of the virus.

I have identified an appropriate course of action.1

I have stated why this course of action would be taken.2

I have used appropriate biological terminology such 
as: quarantine.

Multiple lessons

10 B 11 A

12 a [1958.1]

I have identified the correct year.1

b [No, antibiotics would not be effective in treating this person1]
[because measles is a viral disease and antibiotics only work  
against bacteria.2]

I have correctly stated if antibiotics would be effective.1

I have explained why antibiotics would not be effective in 
this situation.2

c i  [Herd immunity.1]

I have correctly identified the type of immunity the 
government is trying to achieve.1

 ii   [By immunising a large proportion of the population, there are 
fewer people who could carry the disease.1][This means that the 
spread of the disease is limited, protecting those who haven’t 
been immunised.2]

I have stated how herd immunity works at a 
population level.1

I have stated how this protects people who 
are unvaccinated.2

d [Firstly, mucus production in the airways helps protect against 
inhaled viral pathogens.1][Secondly, if the virus did invade the body, 
interferons would be released to combat infection.2]

 Other acceptable responses include:

• Release of pro-inflammatory cytokines.

• White blood cells (e.g. NK cells, macrophages) would be 
recruited to destroy viral particles or remove cells that have been 
infected by the virus.

• Cilia in the airways would sweep trapped pathogens from the 
respiratory tract.

I have identified one innate immune mechanism.1

I have identified a second innate immune mechanism.2

I have signposted my response using terms such as: 
firstly, secondly. 

I have not referred to other pathogens such as bacteria in 
my response.

Key science skills

13 C

14 a  [The higher the concentration of antibiotics the lower the amount  
of bacterial growth.1]

I have identified the expected difference.1

b  [This is an example of a random error1][because it affects the 
precision of a measurement and is unpredictable and inconsistent 
between repeated measurements.2][This uncertainty could be 
reduced by using a measuring device that has smaller, more precise 
units of measurement such as a ruler with 1mm markings instead of 
1 cm markings.3]

16C
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I have stated what type of error could occur.1

I have stated why this is a type of random error.2

I have provided a way to reduce this error.3

c [The size of the zone of inhibition of bacterial growth around the 
antibiotic.1][This is because the amount of bacterial growth changes 
depending on the concentration of antibiotic.2]

I have correctly identified the dependent variable in 
this experiment.1

I have justified my response by referring to the definition of 
a dependent variable.2

d [That different bacteria will have different sensitivities to the 
same antibiotic.1]

I have stated the hypothesis of this experiment.1

e [Sharon would expect that the antifungal drug would have no effect 
on bacterial growth.1][This is because antifungals are not effective 
against bacteria and only work against fungi.2]

I have stated the result Sharon would expect to obtain.1

I have stated why Sharon would expect this result by 
referring to the limitations of antifungals.2

16D Rational drug design
Theory review questions 

1 a Neuraminidase b Rational drug design

c Influenza d Host cell

e Relenza f Haemagglutinin

2 D 3 B

4 B

Exam–style questions

Within lesson

5 C 6 C 7 A

8 a  [Rational drug design is a process that involves first identifying the 
molecular cause of a disease1][and secondly designing a medicine 
that is complementary in shape and charge to it to interfere with its 
functioning,2][bringing about a therapeutic benefit for the patient.3]

I have stated that rational drug design involves identifying 
the cause of a disease.1

I have stated that rational drug design involves creating a 
medicine that is complementary in shape and charge to 
the disease–causing molecule.2

I have stated that this has a therapeutic benefit.3

I have used appropriate biological terminology such as: 
complementary, therapeutic benefit.

I have signposted my response using terms such as: 
firstly, secondly.

b [The structure of Imatinib must be complementary in shape and 
charge to the active site of the bcr–abl enzyme.1]

I have stated what the information provided suggests 
about the structure of Imatinib.1

I have used appropriate biological terminology such as: 
complementary, active site.

c [Imatinib is an effective treatment because it specifically targets 
the bcr–abl enzyme,1][blocking its active site and inhibiting the 
enzyme.2][This means that the abnormal cell division that leads to 
cancer is prevented.3]

I have stated that Imatinib is selective for the 
bcr–abl enzyme.1

I have stated that Imatinib inhibits the bcr–abl enzyme.2

I have stated the therapeutic effect of inhibiting bcr–abl.3

Multiple lessons

9 B 10 B

11 a  [Relenza selectively binds to the active site of neuraminidase on the 
surface of the influenza virus1][and blocks it, inhibiting its function.2]
[This means that neuraminidase can’t cut the connection between 
the virus and the host cell,3][meaning newly reproduced virus cannot 
escape from the host cell.4][This limits the spread of infection and 
reduces the severity of symptoms/duration of illness.5]

I have stated that Relenza selectively binds to the active 
site of the neuraminidase enzyme.1

I have stated that Relenza inhibits neuraminidase.2

I have outlined the function of neuraminidase.3

I have stated the effect of inhibiting neuraminidase.4

I have stated the therapeutic effect of inhibiting 
neuraminidase.5

I have used appropriate biological terminology such as: 
selectively, active site, neuraminidase, inhibiting.

b Relenza Influenza vaccine

Method of 
administration

Oral/inhalation Injection

Mechanism of 
action

Blocks the active site 
of neuraminidase

Exposes the immune 
system to antigens 
that do not cause 
influenza, to stimulate 
the creation of 
antibodies

Purpose of 
administration

Prophylaxis and early 
treatment

Prophylaxis
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Key science skills

12 a [Exposure to the drug Relenza.1]

I have identified the independent variable.1

b [The studies examined the effect of Relenza on two different 
populations.1][The Lancet study focused on a population affected 
by the H1N1 pandemic at all stages of infection,2][whereas the BMJ 
study focused on people already recovering from mild to moderate 
influenza.3][Relenza is only effective at managing symptoms if given 
early during infection, and this explains why the BMJ study found 
Relenza to have only a mild effect compared to the robust effect of 
the Lancet study.4]

I have identified a difference between the two studies that 
accounts for their differing findings.1

I have described the population of the Lancet study.2

I have described the population of the BMJ study.3

I have stated how the mechanism of Relenza would alter 
its effect in each population.4

I have used comparative terminology such as: 
whereas, compared.

c [A randomised control study cannot be performed on hospitalised 
patients because their illness must be severe or life–threatening for 
them to have been hospitalised.1][In a randomised control study 
they might be assigned to a control group and therefore not receive 
any treatment.2][This is unethical, as not being given treatment 
could result in an increase in their symptoms and possible death.3]
[Therefore, they should be excluded from the trial and given 
the treatment.4]

I have identified a feature of the population that explains 
why a randomised control study should not be performed.1

I have outlined how a randomised control study 
is structured.2

I have explained the ethical issue with performing a 
randomised control study on this population.3

I have stated that this population should be excluded from 
the randomised control study.4

d [No.1][The BMJ study was conducted on a similar population 
recovering from a mild to moderate season influenza outbreak and 
found that neuraminidase inhibitor drugs only had a minor effect.2]

I have stated whether influenza drugs should be stockpiled.1

I have justified my answer using the information provided 
by the article.2

Chapter 16 review
SECTION A

1 D 2 A 3 D 4 B

5 C 6 A 7 C 8 B

9 D 10 B 11 D 12 C

13 B 14 A 15 A

SECTION B

16 a [Blood sample 2.1]

I have identified the correct sample.1

b [Blood sample 5.1]

I have identified the correct sample.1

c [Because Ötzi and chimpanzees belong to different species, there 
would be many nucleotide differences between the two strands of 
DNA, due to an accumulation of mutations.1][On the other hand, 
there would be no differences between DNA strands sourced from 
the same individual.2][Therefore, there would be fewer hydrogen 
bonds holding the hybridised DNA strands together, causing a lower 
melting temperature.3]

I have described the nucleotide differences within the Ötzi-
chimpanzee hybridised DNA.1

I have described the nucleotide differences within the pure 
DNA samples.2

I have explained why this causes a lower melting temperature 
in the hybridised DNA.3

I have used appropriate biological terminology such as: 
hydrogen bonds, nucleotide differences, melting temperature.

17 a  [Drought-tolerant corn would have increased survival during 
droughts.1][This increases crop productivity since there would be 
fewer crops dying from weather conditions.2]

I have stated what effect drought tolerance would have  
on corn.1

I have stated what effect drought-tolerant corn would have 
on crop productivity.2

b i  [The Cas9 system can be designed to digest any section of DNA 
using a guide RNA, whereas individual restriction enzymes 

can only recognise one site.1]
  Other acceptable responses include: 

• The CRISPR-Cas9 protein is generally quicker and cheaper to 
use than restriction enzymes.

I have given one advantage of using CRISPR-Cas9 
over restriction enzymes.1

 ii   [Scientists could insert the three drought tolerance genes (NOT, 
TOO, and HOT) into Z. mays to create1][a transgenic crop.2]
[Inserting these genes could give Z. mays the drought  
tolerance trait.3]
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I have suggested inserting the three genes (NOT, TOO, 
and HOT) into Z. mays.1

I have used the term transgenic/transgene/
transgenesis in my answer.2

I have stated the consequences for Z. mays plants of 
inserting NOT, TOO, and HOT into their genome.3

 iii  [The public may have a negative response to GMO corn on an 

ethical basis.1]
Other acceptable responses include:

• These three genes alone may not give Z. mays drought 
tolerance.

• Inserting these genes may result in off-target effects on Z. 
mays.

• Pollen from GM cornfields may fertilise non-GM corn from 
other fields, resulting in the unwanted spread of GM corn and  
legal disputes.

• Widespread use of GM corn could result in a decrease in 
genetic diversity among the corn population.

I have given a likely disadvantage of GMO corn.1

18 a [Afghanistan.1]

I have correctly identified the country with the highest 
number of polio infections in 1983.1

b i   [An epidemic describes when the incidence of a particular 
disease within a particular area increases unexpectedly and 
dramatically.1]

I have described the concept of an epidemic.1

 ii  [No,1][because there isn’t a sudden or unusual increase in the 
occurrence of polio in this time period in the given regions.2]

I have stated if the graph supports the occurrence of  
a pandemic.1

I have justified my answer.2

I have not referred to the geographic distribution of 
polio in my answer. 

c [Systematic error.1]

I have stated that this is an example of a systematic error.1

d  i  [The structure of neuraminidase was analysed to determine 
the shape of the active site.1][The shape of Relenza was 
specifically designed to bind to the active site of neuraminidase,2]
[inhibiting this enzyme.3][Neuraminidase can no longer sever 
the connection between the virus and the host cell,4][limiting the 
spread of the influenza infection to healthy cells.5] 

I have stated that the structure of the active site of 
neuraminidase was determined.1

I have stated that the shape of Relenza allows it to bind 
to the active site of neuraminidase.2

I have stated that Relenza inhibits neuraminidase.3

I have explained the functional effect this has on 
neuraminidase.4

I have explained the benefit of Relenza on restricting 
the influenza infection.5

I have used appropriate biological terminology such 
as: active site, neuraminidase, inhibition.

   ii  [Random mutations that cause antibiotic resistance can 
spontaneously arise in the genomes of bacteria.1][When 
bacteria are exposed to antibiotics, the antibiotics impose a 
selection pressure and individuals without resistance mutations 
are killed.2][Surviving bacteria reproduce,3][passing on the 
antibiotic resistance allele and increasing its frequency in 
the population.4][This can create a bacterial population with 
increased antibiotic resistance.5]

I have explained how antibiotic resistance can 
spontaneously arise in bacteria.1

I have explained that antibiotics impose a selection 
pressure on bacteria.2

I have stated that antibiotic-resistant bacteria  survive 
and reproduce.3

I have explained the change in allele frequency.4

I have explained the overall effect on the 
bacterial population.5

I have used appropriate biological terminology such 
as: selection pressure, resistance. 

19 a  [These children would not be considered transgenic organisms1]
[since the inserted healthy allele comes from humans2][rather than 
another species.3]

 Other acceptable responses include: 

• The genetic modification may be due to a point mutation in the  
target gene which is not transgenic since DNA from another  
species is not being inserted.

• The genetic modification may be due to the deletion of DNA 
which is not transgenic since DNA from another species is not 
being inserted.

I have stated they are not transgenic.1

I have referred to the genetic modification used in 
germline gene therapy.2

I have justified my response by referring to the definition 
of transgenic.3

b [Widespread germline gene therapy would alter the gene pool,1]
[increasing the frequency of normal alleles within the population2]
[and decrease the frequency of deleterious alleles in the human 
population.3][This would decrease human genetic diversity,4]
[reducing the adaptive potential of human populations should new 
selection pressures arise.5]
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I have stated that germline gene therapy would alter the 
gene pool.1

I have explained the effect on normal allele frequency.2

I have explained the effect on deleterious allele frequency.3

I have explained the effect on the human gene pool.4

I have explained the consequence of a reduced gene pool.5

I have referred to the scenario.

I have used appropriate biological terminology such as: 
gene pool, normal, deleterious, genetic diversity, 
adaptive potential. 

c [Ethical issue 1: Germline gene therapy will alter the DNA of unborn 
children without their prior consent.1][Ethical issue 2: The decisions 
of individuals who use germline gene therapy will impact future 
human evolution, which has consequences on the entire human 
population.2][Biological implication: The decisions of individuals 
who use germline gene therapy will impact future human evolution, 
decreasing genetic diversity and making the population more 
susceptible to new selection pressures.3]

 Other acceptable responses include:

• Ethical implication: People should have the right to alter DNA in 
their own cells.

• Ethical implication: People should have the right to protect their 
future children from genetic disorders using DNA technology. 

• Biological implication: The future children of parents undergoing 
germline cell therapy will be unaffected by the faulty allele.

I have given an ethical implication of germline  
gene therapy.1

I have given a second ethical implication of germline  
gene therapy.2

I have given a biological implication of germline  
gene therapy.3

I have not repeated the same implication.
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GLOSSARY

5
5’ methyl cap (five-prime cap) a molecule added to the 5’ 
end of pre-mRNA during RNA processing p. 120

A
absolute age provides an estimate of the age (in years) of a 
fossil or rock p. 453

accurate a measurement that is close to the ‘true’ value of 
the quantity being measured p. 4

acetyl CoA the product of pyruvate oxidation that is an 
input into the Krebs cycle p. 221

acquired immunodeficiency syndrome (AIDS) a life-
threatening condition caused by an untreated infection 
with the human immunodeficiency virus (HIV) in which 
an individual’s immune system is no longer able to function 
normally p. 367

activation energy the energy required to initiate a  
reaction p. 52, 147

active immunity protection against a pathogen created 
by antibodies produced by an individual’s own immune 
system p. 355

active site the part of the enzyme to which the substrate 
binds p. 147, 648

active transport the movement of molecules across a 
semipermeable membrane requiring an energy  
input p. 75, 81

adaptive radiation rapid divergent evolution, producing a 
wide array of species/forms p. 470

ADP adenosine diphosphate, the unloaded form of  
ATP p. 166

advantageous phenotype a biochemical, physical, or 
behavioural trait that increases an individual’s fitness in its 
local environment p. 403

aerobic cellular respiration cellular respiration that occurs 
in the presence of oxygen. It involves three stages, during 
which glucose and oxygen are converted into ATP, CO2, 
and water p. 213

afferent lymphatic vessel thin-walled structures that 
collect lymph from the tissues of the body and deliver it to 
lymph nodes p. 340

agarose gel a sponge-like gel used in gel electrophoresis 
that contains pores for DNA fragments to move  
through p. 582

agglutination the clumping of particles together in a 
solution p. 330

allele frequency the proportion of certain alleles in a gene 
pool p. 396, 403, 412

alleles variants of a gene p. 396, 411

allergen a non-pathogenic antigen that triggers an allergic 
reaction p. 303, 368

allergic reaction an inappropriate immune response to a 
non-pathogenic antigen p. 303, 368

allergy a cluster of syndromes experienced by a person 
who has had an allergic reaction p. 368

allolactose an inducer molecule that binds to the lac 
repressor to release it from the operator region p. 133

allopatric speciation the geographic separation of a 
population from a parent population resulting in the 
evolution of a new species p. 419

allosteric site a region on an enzyme that is not the active 
site p. 159

alpha helix a coiled secondary structure of proteins p. 101

alternative splicing process during gene expression where 
different exons may be spliced, resulting in a single gene 
producing multiple mRNA strands p. 121

amino acid the monomer of proteins p. 99, 117

amino group the functional group on amino acid molecules 
that is made up of one nitrogen and two hydrogens (NH2). 
Also known as an amine group p. 100

amniocentesis sampling amniotic fluid from within the 
womb for use in genetic screening p. 614

amphipathic describes molecules with both hydrophilic 
and hydrophobic components. Also known as  
amphiphilic p. 67

amplify to make many copies of a molecule p. 576

anabolic an endergonic reaction where larger molecules 
are formed from smaller molecules p. 52

anaerobic cellular respiration cellular respiration that 
occurs in the absence of oxygen. It involves glycolysis, 
followed by further reactions that convert pyruvate into 
lactic acid, or ethanol and carbon dioxide. Also known as 
fermentation p. 213, 230

analogous structure a structure present in two or more 
species that fulfils the same function but does not originate 
from a common ancestor p. 470

ancestral trait a trait that is found in the ancestor of a 
species, but not necessarily in the species itself p. 490

aneuploidy when a cell or organism varies in the usual 
number of chromosomes in its genome by the addition or 
loss of a chromosome p. 394

animal cell eukaryotic cells that do not contain a cell wall 
or chloroplasts and are found in organisms in the kingdom 
Animalia p. 41

annealing stage second step in PCR when the primer 
bonds to a DNA strand by complementary base  
pairing p. 576
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antibiotic selection the process of culturing bacteria 
on antibiotic-containing medium, which only allows 
transformed bacteria to grow p. 594

antibiotics medications used to kill bacteria or slow their 
growth p. 638

antibody a protein produced by plasma cells during the 
adaptive immune response that is specific to an antigen 
and combats pathogens in a variety of ways. Also known as 
immunoglobulin p. 99, 329, 374

anticodon the sequence of three nucleotides on a tRNA 
molecule that recognises a specific sequence of three 
nucleotides (codon) on an mRNA strand p. 109, 122

antigen a substance that is recognised by the immune 
system as either foreign or self. A foreign antigen will 
trigger an immune response p. 303, 375

antigen-antibody complex formed by the interaction 
between antigen and antibody molecules p. 330

antigen-presenting cell a subgroup of phagocytes that 
display the antigens from consumed pathogens on their 
surface and interact with the adaptive immune  
system p. 318, 328

antimicrobial agent an agent that kills or slows the growth 
of microorganisms. Includes antiseptics, disinfectants, 
antifungals, antivirals, and antibacterial agents p. 640

antimicrobial resistance the ability of a microorganism to 
survive exposure to an antimicrobial agent p. 640

antiparallel a characteristic of DNA strands, describing 
how each strand runs in an opposite direction to the other. 
One strand runs in a 3’ → 5’ direction and the other runs in 
a 5’ → 3’ direction p. 108

antiseptic a substance that is applied to living tissue to kill 
or slow the growth of microorganisms p. 639

antivenom a medication containing antibodies that is used 
to treat people who have received a venomous bite or  
sting p. 356

antivirals medications used to treat viral infections p. 638

apoptosis the controlled death of cells in the body. Also 
known as programmed cell death p. 284

apoptotic bodies vesicles containing cell contents that are 
released from a dying cell during apoptosis and engulfed by 
phagocytes p. 285

archaea a domain of prokaryotic cell that is similar in size 
and structure to bacteria, but are different genetically and 
usually live in extreme environments p. 444

arm to leg ratio the ratio of arm length to leg length. Tree-
dwelling hominids have longer arms and shorter legs, or a 
larger arm to leg ratio p. 536

artificial active immunity protection conferred by 
antibodies produced by an individual’s own immune 
system due to medical intervention  
(e.g. a vaccination) p. 355

artificial immunity protection against a pathogen as a 
result of a medical intervention. Also known as induced 
immunity p. 355

artificial passive immunity protection conferred by 
externally produced antibodies injected as a medical 
intervention p. 355

artificial selection the alteration of a population’s gene 
pool due to direct human action, usually selecting for a 
desired trait. Also known as selective breeding p. 425

aseptic surgically clean and free from contamination by 
microorganisms. Also known as sterile p. 10

ATP adenosine triphosphate, a high energy molecule that, 
when broken down, provides energy for cellular processes 
p. 52, 75, 166, 212, 220, 237

ATPase an enzyme in the inner mitochondrial membrane 
that uses the concentration gradient of H+ to synthesise 
ATP from ADP and Pi p. 222

Australopithecus the genus name for an ancient hominin 
ancestor from which the genus Homo evolved p. 536

autoantibodies antibodies directed against an organism’s 
own tissues p. 364

autocrine signalling when a cell releases a signalling 
molecule that acts on itself p. 263

autoimmune disease a disease in which an individual’s 
immune system initiates an immune response against their 
own cells p. 303, 364

autoreactive a cell that recognises a self-tissue as  
non-self p. 364

autotroph an organism that makes its own food from 
inorganic substances. Phototrophs and chemotrophs are 
examples of autotrophs p. 444

axon the long projection of a neuron along which an 
electrical signal is transmitted p. 365

B
B lymphocyte a type of lymphocyte that plays an important 
role in humoral immunity and differentiates into plasma 
cells and B memory cells p. 328, 374

B memory cell a differentiated B lymphocyte that is 
responsible for providing long-lasting immunological 
memory of an antigen p. 329

background extinction rate expected rate of extinctions 
within a geographic area p. 471

bacterium (pl. bacteria) a group of single-celled, 
prokaryotic, microscopic organisms. They can live 
symbiotically with other organisms and/or act as 
pathogens p. 304

band a line seen in the gel after running gel 
electrophoresis that corresponds to a collection of DNA 
fragments of a specific size p. 582

bar graph a graph that shows changes in categorical 
variables using filled rectangles p. 22
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base deletion mutation when a nucleotide is removed from 
a gene, affecting every codon from that point  
forward p. 394

base insertion mutation when a nucleotide is added to a 
gene, affecting every codon from that point forward p. 394

base pair (bp) a unit of measurement that corresponds to 
one nucleotide p. 583

beta-pleated sheet a folded secondary structure of 
proteins p. 101

biogeography the study of the geographic distribution of 
species over geological time p. 462

biological implications consequences that affect 
ecosystems, environments, or public health p. 627

bipedal using two legs for walking upright p. 528

blebbing the bulging of the plasma membrane to form 
separate apoptotic bodies p. 285

block mutations a mutation that affects a large chunk of 
DNA, or an entire gene p. 394

blunt end a straight cut by a restriction enzyme resulting in 
no overhanging nucleotides p. 569

bone marrow semi-solid tissue found within bones. Serves 
as the primary site of the creation of red blood cells and 
leukocytes p. 342

bone morphogenetic protein 4 (BMP4) a master gene that 
is important for beak formation in Galápagos finches and 
jaw formation in African cichlid fish p. 509

booster vaccine a vaccination given to a person after the 
completion of a vaccination program to boost their existing 
immunity against a disease. Also known as a booster  
shot p. 356

bottleneck effect the reduction in genetic diversity that 
occurs when a large proportion of a population is removed 
due to a chance event p. 412

bowl-shaped pelvis the description of the shape of a Homo 
sapiens pelvis. Non- or partially-bipedal primates have 
comparatively flat pelvises p. 536

branch a line on a phylogenetic tree that represents an 
evolutionary path p. 489

branch length the length of a branch sometimes denotes 
evolutionary distance or time p. 489

broad-spectrum agent a type of antimicrobial agent that 
affects a wide variety of microorganisms p. 640

brow ridge a bony ridge above the eye sockets. It is found 
in all primates, but is greatly reduced in Homo  
sapiens p. 529, 536

buffer an ion-filled solution that carries current through 
the agarose gel p. 582

bulk transport the type of active transport that uses 
vesicles to move large molecules or groups of molecules 
into or out of the cell p. 81

bya short for ‘billion years ago’. Also written as Ba and  
Ga p. 442

C
Cambrian a geological time period ~535 mya during which 
many new groups of living things evolved, including major 
phyla that still exist today p. 444

cancer a disease caused by the uncontrolled replication of 
cells p. 286

canine teeth a type of tooth in mammals that is relatively 
long and pointed p. 529

carbohydrate the class of biomacromolecules made from 
monosaccharide monomers consisting of C, H, and O. Also 
known as saccharides or sugars p. 50

carboxyl group the functional group on amino acid 
molecules that contains a hydroxyl (-OH) and an oxygen 
double-bonded to a carbon atom p. 100

carrier an organism that is infected with and spreads a 
disease p. 638

caspase enzymes that cleave specific intracellular proteins 
during apoptosis p. 284

catabolic an exergonic reaction where larger molecules are 
broken down into smaller molecules p. 52

catalyse to increase the rate of a reaction p. 146

catalyst a substance capable of catalysing reactions p. 146

categorical variables factors that are qualitative, typically 
describing a characteristic such as gender, birth order (1st, 
2nd, 3rd), or nationality p. 22

causation demonstrated when change in one variable leads 
to reliable change in another p. 24

cell the smallest functional unit of a living organism p. 40

cell wall a sturdy border outside the plasma membrane 
that provides strength and structure to plant, bacteria, and 
fungal cells p. 44

cell-mediated immunity a component of the adaptive 
immune system in which infected/abnormal cells are 
destroyed by cytotoxic T cells. Also known as T cell 
immunity p. 328

cellular pathogen a pathogen that has a cellular structure 
and exhibits the processes of a living organism. Examples 
include bacteria, fungi, protozoa, and parasites such as 
worms p. 304

cellular respiration the biochemical process in all living 
things that converts glucose into ATP. Can be aerobic or 
anaerobic respiration p. 212

cerebrum the part of the brain responsible for complex 
functions, such as language and learning p. 538

chemical barrier a component of the first line of defence 
that features the use of chemicals to protect against 
pathogen invasion p. 311

chlorophyll a chemical found in the thylakoids of 
chloroplasts. It is responsible for absorbing light energy in 
photosynthesis p. 183, 190
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chloroplast a membrane-bound organelle only found in 
plant and algal cells that is the site of photosynthesis  
p. 44, 183, 197

cholesterol a steroid alcohol that regulates fluidity in 
plasma membranes p. 68

Chordata a group of animals including fish, amphibians, 
birds, reptiles, and mammals. Also known as  
chordates p. 463

chorionic villus sampling sampling cells adhered to the 
placental wall for use in genetic screening p. 614

chromosome the structure made of protein and nucleic 
acids that carries genetic information p. 107

cilium (pl. cilia) thin, hair-like projections that protrude 
from eukaryotic cells p. 44, 311

clonal deletion the process by which autoreactive 
immature lymphocytes are normally destroyed. Occurs in 
the bone marrow for B cells and the thymus for T  
cells p. 365

clonal expansion the process in which many copies of a 
lymphocyte are generated p. 329

clonal selection the process in which B and T cells 
encounter an antigen that matches their antigen-binding 
site, then generate many copies of themselves p. 329, 342

clone to make a genetically identical organism or section 
of DNA p. 612

coding strand the strand of DNA not transcribed by RNA 
polymerase, contains an identical sequence to the mRNA 
strand produced (except thymine is replaced with uracil in 
mRNA) p. 119

codon the sequence of three nucleotides in mRNA coding 
for one amino acid p. 117

coenzyme a non-protein organic cofactor that assists 
enzyme function. They release energy and are recycled 
during a reaction p. 166

cofactor any organic or inorganic molecule, such as a 
coenzyme or metal ion, that assists enzyme function p. 166

comparative anatomy the study of the similarities and 
differences in structure between animals, including fossils 
of extinct species. Also known as structural  
morphology p. 470

comparative embryology the comparison of embryo 
development and structures across species p. 463

competition an interaction between organisms in which 
both are harmed when trying to use the same limited 
resource. Can exist within or between species p. 403

competitive inhibition the hindrance of an enzyme through 
blocking the active site and prevention of substrate from 
binding p. 159

complement proteins a number of different types of 
proteins found in the blood that opsonise, cause lysis, and 
attract phagocytes to invading pathogens p. 319

complementary base pairing describes which nucleotides 
can form hydrogen bonds with each other; C pairs with G, 
A pairs with T (or U in RNA) p. 108

concentration gradient the difference in solute 
concentration between two adjacent areas p. 74

condensation reaction a reaction where two small 
molecules join to form one larger molecule, producing 
water as a by-product in the process p. 52, 100

conformational change a change in the three dimensional 
shape of macromolecules such as proteins p. 148

confounding variable an uncontrolled variable that affects 
the validity of the results p. 7

conjugation process in which bacteria exchange genetic 
material via direct cell-to-cell contact p. 640

contagious a property of disease meaning that it can be 
transmitted from one organism to another through direct 
or indirect contact p. 636

continental drift the movement of tectonic plates around 
Earth over millions of years p. 462

control group a group of individuals/samples that are not 
exposed to the independent variable. Also known as an 
experimental control, control treatment, or ‘the  
control’ p. 7

controlled variable a factor that is kept constant 
throughout the experiment. Also known as a constant 
variable p. 8

convergent evolution evolution of analogous traits due to 
similar selective pressures p. 470

correlation demonstrated when there is a statistical 
relationship between two variables p. 24

coupled inquiry an investigation in which students extend 
or build upon an initial, teacher-proposed question p. 20

covalent bond a chemical bond formed by sharing 
electrons between two non-metal atoms p. 48

cranial capacity the volume of the braincase, usually 
measured in cubic centimetres (cc or cm3) p. 536

cranium the part of the skull that covers the brain p. 528

crista (pl. cristae) the folds of the inner membrane of 
mitochondria. The site of the electron transport  
chain p. 214

cultural evolution the change in socially-transmitted 
information, beliefs, language, attitudes, or skills over  
time p. 539

culture a lab technique in which cells/organisms are 
grown in a sterile environment with a nutrient  
supply p. 594

cuticle a waxy protective film covering the surface of a 
plant leaf p. 312

cytochrome c a protein embedded in the inner 
mitochondrial membrane. Involved in the electron 
transport chain of aerobic cellular respiration and the 
mitochondrial pathway of apoptosis p. 284
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cytokine a signalling protein released by cells (typically in 
the immune system) that has an effect on other  
cells p. 263, 275, 319, 329

cytoplasm the cytosol and organelles inside the plasma 
membrane, excluding the nucleus p. 42

cytoskeleton the microscopic web of protein filaments 
in the cytoplasm. It provides structure, support, and 
transports products around the cell p. 44, 68

cytosol the aqueous fluid that surrounds the organelles 
inside the plasma membrane p. 42, 221

D
death receptor pathway the pathway of apoptosis which is 
initiated by the reception of extracellular death signalling 
molecules. Also known as the extrinsic pathway p. 284

degenerate a property of the genetic code which means 
that a single amino acid can be coded for by more than one 
codon p. 118

degranulation the release of granule contents from a  
cell p. 320

deleterious alleles that have an overall negative effect on 
individual fitness when expressed p. 396, 427

demyelination the disease process of multiple sclerosis in 
which the myelin sheath surrounding the axon is destroyed 
by the cells of the immune system p. 366

denaturation stage first step in PCR when hydrogen bonds 
are broken and individual strands of DNA are  
separated p. 576

denature to irreversibly change a protein’s tertiary 
structure p. 149, 198, 238

dendritic cell a type of white blood cell that engages in 
phagocytosis and antigen presentation p. 318

dependent variable (DV) the factor(s) changed by the 
manipulation of the IV p. 3, 22

derived trait a trait that has been acquired in the time since 
two species diverged p. 425, 490

developmental biology the study of the processes through 
which organisms grow and develop p. 463

differentiation the process in which cells develop 
specialised characteristics, typically transforming them 
from one cell type to another p. 329

diffusion the passive movement of molecules from areas of 
high concentration to areas of low concentration (down the 
concentration gradient) p. 73

disadvantageous phenotype a biochemical, physical, or 
behavioural trait that lowers an individual’s fitness in its 
local environment p. 403

disinfectant a substance that is applied to non-living 
materials to kill or slow the growth of  
microorganisms p. 639

divergent evolution when a common ancestor speciates 
into two or more descendant species p. 469

DNA (deoxyribonucleic acid) a double-stranded nucleic 
acid chain made up of nucleotides. DNA carries the 
instructions for proteins which are required for cell and 
organism survival p. 107, 117

DNA hybridisation a technique that determines 
relatedness between DNA sequences by measuring the 
temperature at which they break apart and become single-
stranded p. 500

DNA profiling the process of identification using genetic 
information. Also known as DNA fingerprinting p. 615

double helix double-stranded DNA in the nucleus of 
eukaryotic cells forms a double helix structure, where each 
DNA strand wraps around a central axis p. 109

E
effector a molecule or organ that responds to a signal and 
produces a response p. 256

efferent lymphatic vessels thin-walled structures that 
collect lymph that has drained through lymph nodes and 
returns it to the circulation p. 340

electrode conductors of electricity that are attached to 
both ends of a gel allowing a current to pass through  
it p. 582

electron a negatively charged component of atoms p. 48

electron transport chain (ETC) the name for the third stage 
of respiration, it refers to a series of proteins embedded in 
the inner membrane of the mitochondria p. 221, 237

elongation stage third step in PCR where nucleotides are 
added to synthesise a complementary strand of DNA p. 576

embryo a stage of offspring development, not unique to 
chordates p. 463

embryonic development process that occurs during the 
gestation period where structures of the animal are formed 
under the direction of molecular signals p. 508

emigration the movement out of a population p. 412

endergonic a reaction that stores energy, the products have 
a greater energy than reactants p. 52

endocrine signalling when a cell releases a signalling 
molecule into the blood to act on a distant target cell p. 263

endocrine system the collection of glands in animals 
responsible for producing hormones that can be 
transported in the bloodstream p. 263

endocytosis a type of bulk transport that moves large 
substances into the cell p. 83

endonuclease any enzyme that acts like molecular scissors 
to cut nucleic acid strands at specific recognition  
sites p. 569

endosymbiosis when one organism lives inside another in 
a mutually beneficial relationship p. 184, 214, 444

enzyme an organic molecule, typically a protein, that 
catalyses (speeds up) specific reactions p. 99, 146
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enzyme inhibition the inactivation of an enzyme by a 
molecule that binds to the enzyme and prevents it from 
interacting with the substrate p. 648

enzyme inhibitor a molecule that binds to and prevents an 
enzyme from functioning p. 158

enzyme-linked immunosorbent assay (ELISA) a technique 
used to identify a pathogen by determining the presence of 
antigen or antibodies in a sample p. 638

enzyme-substrate complex the structure formed when 
enzyme and substrate are bound together p. 148

epidemic a dramatically increased occurrence of a disease 
in a particular community at a particular time p. 637

error the difference between the measured value and the 
true value of what is being measured p. 4

ethanol an alcohol that is produced along with carbon 
dioxide during anaerobic cellular respiration in yeast, 
bacteria, and plants p. 231

ethical implications considerations based on moral or 
religious beliefs p. 616, 627

ethidium bromide a fluorescent dye that binds to DNA 
fragments in a gel and allows them to be visualised p. 582

eukaryote a group of single and multi-celled organisms 
with a nucleus and linear strands of DNA. Animals, plants, 
fungi, and protists are eukaryotic p. 40, 444

evolution the change in the genetic makeup of a population 
over successive generations p. 405

evolutionary relationship the relatedness of organisms 
based on shared ancestry p. 488

ex vivo scientific processes being performed on cells, 
tissues, or organs outside of the body p. 613

exergonic a reaction that releases energy, the products 
have less energy than reactants p. 52

exocytosis a type of bulk transport that moves large 
substances out of the cell p. 81

exons sequences of DNA that code for proteins. They make 
up the mRNA molecule p. 121

experimental group a group of individuals/samples in 
which the independent variable is manipulated. Also 
known as the treatment group p. 7

experimenter bias the inclination for scientists conducting 
research to alter their results based on their prior beliefs, 
for example by selecting an unrepresentative sample or by 
recording the results they expect to see p. 4

F
facilitated diffusion a type of passive transport where 
molecules move through a phospholipid bilayer with the 
aid of a membrane protein p. 74

FADH2 a proton and electron carrier created in the Krebs 
cycle p. 221

fatty acid tail the hydrophobic lipid subunit of a 
phospholipid p. 67

femur angle the angle between the top and bottom of 
the femur when standing. It is greater in hominins when 
compared to other primates p. 529

fertile having the ability to produce offspring p. 418

first line of defence a component of the innate immune 
system characterised by the presence of physical, chemical, 
and microbiological barriers to keep pathogens out of the 
host organism p. 311

fitness a measure of how well an organism survives and 
reproduces in its environment p. 403

flagellum (pl. flagella) a tail-like structure that attaches 
to the side of the cell body and is used for locomotion on 
single-celled organisms p. 44

flora naturally occurring, non-pathogenic bacteria present 
in an organism p. 311

flowering plants a group of plants that reproduce using 
flowers, fruit, and seeds (as opposed to plants like moss, 
ferns, and conifers, which reproduce with spores or cones). 
Also known as angiosperms p. 445

fluid mosaic model  the theory of how the plasma 
membrane is structured p. 69

foramen magnum the hole in the base of the skull through 
which the spinal cord passes p. 529, 536

foreign DNA DNA that is not found naturally within an 
organism p. 593

fossil the preserved body, impressions, or traces of an 
ancient organism p. 451

fossil succession the principle that fossils of the same age 
will be in the same layer of sedimentary rock, and fossils 
found in a higher or lower sedimentary layers will be 
younger or older respectively. Also known as the law of 
superposition p. 454

fossilisation the process by which an organism becomes a 
fossil p. 451

fossilisation bias certain organisms are more likely 
to be fossilised, based on physical and behavioural 
characteristics p. 461

founder effect the reduction in genetic diversity that 
occurs when a population is derived from a small group of 
colonising ancestors p. 412

frameshift mutations a mutation that involves the insertion 
or deletion of one or two nucleotides, affecting every codon 
from that point forward p. 394

fungi eukaryotic organisms characterised by spore 
production and chitinous cell walls. They can act as a 
pathogen and cause a number of different diseases in 
humans p. 304

G
gall abnormal outgrowths of tissue in plants designed to 
limit the spread of an invading pathogen p. 312

gel electrophoresis a technique that separates DNA 
fragments based on their molecular size p. 581
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gene a section of DNA that carries the code to make a 
protein p. 108, 117, 403

gene expression the process of reading the information 
stored within a gene to create a functional product, 
typically a protein p. 119

gene flow the flow of alleles in and out of a population due 
to the migration of individuals p. 411

gene of interest the gene we wish to express in 
recombinant bacteria. This gene often encodes a protein 
we wish to produce in commercial quantities. Also known 
as the desired gene or insert DNA p. 593

gene pool all the genes in a population p. 396, 412

gene regulation the control of gene expression, typically 
achieved by switching transcription on or off p. 132

gene therapy the use of genetic technologies to treat 
genetic disorders p. 613

genetic code the set of rules by which information is 
encoded in genetic material p. 117

genetic drift the dramatic change in allele frequencies due 
to a chance event p. 412

genetic engineering the use of genetic technologies to alter 
DNA and RNA p. 613

genetic screening testing an individual’s DNA to 
characterise their susceptibility to particular genetic 
diseases p. 614

genetic variation the differences in DNA sequences 
between individuals p. 405

genetically modified organism (GMO) an organism 
with genetic material that has been altered using gene 
engineering technology p. 625

genome the complete set of DNA within an  
organism p. 108

geographic barrier a physical factor that prevents gene 
flow, and thereby stops two populations from breeding 
together p. 419

geological time scale a system of chronological dating 
described in eras, eons, periods, epochs, and ages p. 443

germline cell cells involved in the generation of gametes in 
eukaryotes p. 396

gland a group of cells that secrete chemical substances for 
use in the body or to be discharged into the  
surroundings p. 263

glucose a six-carbon carbohydrate that comes from the 
food we eat p. 212, 221

glycolipid a phospholipid bound to a carbohydrate p. 68

glycolysis the first stage of aerobic respiration in which 
glucose is split into two pyruvate molecules p. 220

glycoprotein  a protein bound to a carbohydrate p. 68

GM food genetically modified crops that are used for 
human or animal consumption p. 627

Golgi body an organelle made of flattened sacs of 
membrane involved in modifying, sorting, and packaging 
proteins p. 43, 83

gracile having a slender or fine build p. 536

granum (pl. grana) a stack of thylakoids p. 183, 190

H
haemagglutinin a protein on the surface of the influenza 
virus that attaches the virus to the host cell p. 648

half-life the time taken for half the mass of a radioisotope 
to break down into its products p. 453

hay fever an allergic reaction to pollen that causes 
inflammation of the nose resulting in itching, runny nose, 
sneezing, and swollen and watery eyes. Also known as 
allergic rhinitis p. 368

herbicide tolerance a trait that increases a plant’s 
resistance to chemicals typically toxic to plants p. 627

herd immunity protection conferred to non-immune 
individuals when a high percentage of the population is 
immune to the same disease. Herd immunity can often be 
achieved through high vaccination rates p. 357

heritable transmissible from parent to offspring (i.e. 
encoded in genes) p. 403

histamine a molecule released by mast cells that plays a 
key role in inflammation p. 319

hominin a member of the taxonomic tribe Hominini that 
includes modern humans and our direct ancestors p. 528

hominoid a member of the superfamily Hominoidea that 
includes apes and humans p. 528

Homo denisova commonly called Denisovans, they are an 
extinct hominin species that lived alongside Homo sapiens 
with whom they are believed to have interbred. Their 
status as a distinct species or subspecies of Homo sapiens is 
still debated p. 549

Homo erectus an extinct hominin species that existed 
around 2 mya p. 536

Homo habilis an extinct hominin species that existed 
around 2.3 mya p. 536

Homo heidelbergensis an extinct hominin species that 
existed around 500 000 years ago and was the common 
ancestor of Neanderthals and modern humans p. 536

Homo neanderthalensis commonly called Neanderthals, 
they are an extinct hominin species that lived in cold 
climates alongside Homo sapiens with whom they are 
believed to have interbred p. 536, 549

Homo sapiens the species name for modern  
humans p. 527, 536

homologous structure a structure present in two or more 
species that may look and function very differently in each 
species, but is derived from a common ancestor p. 470

homozygous identical alleles at the same location on 
homologous chromosomes p. 427
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hormone a signalling molecule released from endocrine 
glands that regulates the growth or activity of target  
cells p. 263, 274

host cell an animal or plant cell that has a pathogen living 
inside it p. 648

human immunodeficiency virus (HIV) a viral blood-borne 
infection that targets immune cells, particularly helper T 
cells, and destroys them, eventually leading to an acquired 
immunodeficiency p. 366

humoral immunity a component of the adaptive immune 
system in which pathogens are neutralised or destroyed via 
the production and secretion of antibodies. Also known as 
B cell immunity p. 328

hybridoma the product of the fusion between a mouse’s 
extracted B lymphocyte and a myeloma cell p. 375

hydrogen bonds an intermolecular bond between a 
hydrogen of one molecule and an electronegative atom in 
another p. 49

hydrophilic having a tendency to be attracted to and 
dissolve in water p. 50, 67, 274

hydrophobic having a tendency to repel from and be 
insoluble in water p. 50, 67, 274

hygiene hypothesis a theory that suggests autoimmune 
diseases arise through a lack of contact with foreign 
antigens during childhood p. 365

hypertonic describes a solution with a higher solute 
concentration when compared to another p. 74

hyphae branching filaments of a fungus p. 304

hypothesis a testable statement that describes how 
experimenters expect the dependent variable to change as 
the independent variable changes p. 4

hypotonic describes a solution with a lower solute 
concentration when compared to another p. 74

I
immigration the movement into a population p. 412

immune deficiency a state in which the immune system 
is no longer able to protect the body against infection or 
disease. Also known as an immunodeficiency p. 366

immunological memory the ability of the immune 
system to quickly and aggressively combat a previously 
encountered pathogen due to T and B memory cells p. 328

impression fossil a fossil formed when an organism is 
encased in material but decomposes or is removed and the 
gap is filled with another substance. Also known as cast 
and mould fossils p. 452

in vitro  processes or experiments performed on cells 
outside a living organism (e.g. in a culture dish, test  
tube) p. 4

in vivo processes or experiments performed in the  
body p. 4, 613

inbreeding sexual reproduction between two related 
individuals p. 414, 427

independent variable (IV)  the factor(s) that is manipulated 
in an experiment p. 3, 22

index fossil a group of widespread fossils which existed 
for a short period and have a known age. Can be used as a 
reference to easily determine the age of unknown  
fossils p. 454

induced fit model a theory describing the model of 
the enzyme-substrate complex where a change in the 
conformation of the active site occurs when the substrate 
binds p. 149

inducer a molecule that enables the expression of the 
reporter by binding to the promoter sequence of the 
reporter gene p. 594

infectious disease a disease that is caused by a 
microorganism and can be transmitted between  
individuals p. 636

inflammatory response a series of biochemical events that 
occur in the body as a result of infection and/or trauma. 
Characterised by swelling, redness, pain, and heat in the 
affected tissue p. 319

influenza an illness caused by infection with the influenza 
virus. Also known as the flu p. 648

innate immune system a component of the immune system 
that is comprised of generalised and non-specific defences 
and/or responses to pathogens. Also known as the non-
specific immune system p. 318

insect resistance a trait that gives plants extra chemical 
defences that kill attacking insects p. 626

integral protein a protein that is permanently secured to 
the plasma membrane p. 68

interbreeding refers to the mating between different 
species (e.g. between Homo sapiens and other closely 
related species such as Neanderthals and Denisovans). Also 
known as crossbreeding p. 549

interferons a cytokine released by virally infected cells that 
increases the viral resistance of neighbouring uninfected 
cells p. 319

intermolecular force an attraction or repulsion that exists 
between molecules p. 49

intramolecular force a bond that joins together the atoms 
within a molecule p. 49

introns sequences of DNA that do not code for proteins. 
They are spliced out during RNA processing p. 120

ion a charged atom or group that has lost or gained 
electrons p. 48

ionic bond a chemical bond formed by donating and 
accepting electrons p. 48

irreversible inhibition enzyme inhibition that involves 
stronger bonds that cannot be broken p. 159

isotonic describes a solution with the same solute 
concentration when compared to another p. 74
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K
kilobase (kb)  a unit of measurement that corresponds to 
one thousand nucleotides. Also written as kbp p. 583

L
lac operon an operon in E. coli that contains a regulatory 
gene, promoter, operator, and three structural genes useful 
for digestion of lactose as an energy source p. 132

lactic acid the product of anaerobic cellular respiration in 
animals p. 230

lactic acid fermentation anaerobic cellular respiration 
in animals that involves glucose being broken down into 
pyruvate during glycolysis, followed by a conversion into 
lactic acid p. 230

lane the column of gel corresponding to each sample of 
DNA p. 583

leaf the end of a branch that shows the current (or final) 
form of a species p. 489

leukocytes a group of blood cells responsible for protecting 
the body against pathogens and foreign material. Also 
known as white blood cells p. 318

ligase an enzyme that joins two DNA or two RNA 
fragments together by catalysing the formation of 
phosphodiester bonds p. 570

light-dependent stage the first stage of photosynthesis, 
where light energy splits water molecules inside the 
thylakoid membranes p. 183, 190

light-independent stage the second stage of photosynthesis 
where carbon dioxide is used to form glucose in the stroma 
of the chloroplast. Also known as the Calvin cycle or the 
dark stage p. 183, 190

limiting factor the factor that restricts the reaction rate in a 
given process p. 197

lineage a direct sequence of species that evolved from a 
common ancestor p. 488

lipid the class of biomacromolecules typically made from 
fatty acids and glycerol monomers consisting of C, H, 
and O. Characterised by their nonpolar nature. Examples 
include fats, oils, and waxes p. 50

loaded the form of a coenzyme that can release stored 
chemical energy by donating a proton (H+), electron, or 
chemical group p. 166

lock and key model a theory describing the enzyme-
substrate complex, where the substrate fits into the active 
site perfectly like a lock and key p. 149

logbook a record of all your practical investigations. 
Maintaining a logbook is a compulsory component of VCE 
Biology p. 16

lumen the space contained within a tubular or circular 
membrane p. 42

lymph a pale fluid that flows through the lymphatic system 
and has a high concentration of leukocytes p. 339

lymph node a small secondary lymphoid tissue of the 
lymphatic system that is where antigen-presenting cells 
activate the adaptive immune system p. 341

lymphatic capillaries the smallest form of lymphatic vessel. 
Located in the spaces between cells p. 340

lymphatic system a large network of vessels and tissues 
throughout the body that form an important component of 
both the circulatory and immune systems p. 339

lysosome a vesicle containing digestive enzymes p. 43, 83

M
macrophage a type of leukocyte found throughout the 
body that engages in phagocytosis and antigen  
presentation p. 318

major histocompatibility complex (MHC) proteins a group 
of proteins present on the surface of self cells that enable 
the immune system to distinguish between self/non-self 
material. Also known as self-antigens p. 303

mammal warm-blooded vertebrates belonging to the 
taxonomic class Mammalia that have mammary glands, 
hair/fur, three middle ear bones, and one lower  
jawbone p. 527

mass extinction period of rapid species extinction, 
reducing biodiversity. Evident when the extinction rate is 
much greater than the background extinction rate p. 471

mast cell a type of leukocyte responsible for releasing 
histamine during allergic and inflammatory  
responses p. 319, 368

master gene a gene that controls the expression of a large 
number of genes in early development p. 509

maternally inherited only inherited from the mother, not 
the father p. 500

melting temperature (Tm) the temperature at which half of 
the DNA strands in a sample become single-stranded p. 500

membrane attack complex (MAC) a pore formed by 
complement proteins in the cell membranes of a pathogen, 
disrupting the membrane and leading to the pathogen’s 
death p. 320, 330

membrane-bound organelles structures within a cell that 
are enclosed by a membrane p. 40

messenger RNA (mRNA) RNA molecules that are 
produced during transcription and carry genetic 
information from the DNA to the ribosomes p. 109, 117

microbiological barrier a component of the first line of 
defence in which the presence of normal flora limits the 
growth of pathogenic bacteria p. 311

missense mutation a mutation in which a nucleotide is 
substituted for another, changing the codon and coding 
for a different amino acid. Therefore, there is an effect on 
protein structure p. 393

mitochondrial DNA (mtDNA) circular DNA found in 
mitochondria p. 500
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mitochondrial matrix the space inside the inner membrane 
of the mitochondria. The site of the Krebs cycle p. 214

mitochondrial pathway the pathway of apoptosis which is 
initiated by the detection of internal cellular damage. Also 
known as the intrinsic pathway p. 284

mitochondrion (pl. mitochondria) a double-membraned 
organelle that is the site of aerobic respiration p. 43, 83, 214

molecular clock a model that suggests the mutation 
rate can be used to determine relatedness between two 
organisms p. 499

molecule two or more atoms joined by covalent bonds to 
form a single chemical entity p. 48

monoclonal describes a clone of a cell formed asexually 
from a singular cell or organism p. 374

monoclonal antibodies (mAbs) identical laboratory-made 
antibodies produced by B cell clones p. 374

monomer a molecule that forms the smallest basic unit of a 
polymer p. 50, 100

motor protein a protein that converts chemical energy into 
mechanical work p. 99

multicellular an organism that consists of more than one 
cell. Most multicellular organisms have different cells (or 
groups of cells) specialised for different functions p. 444

multiple sclerosis (MS) an autoimmune disease in which 
the myelin sheath surrounding axons in the nervous system 
is destroyed by the body’s own immune cells p. 365

mummified fossil a fossil formed when the body is under 
conditions that slow down or stop the decaying  
process p. 452

mutagens agents that can cause mutations in DNA p. 396

mutation rate the average number of mutations that occur 
in a gene or genome over time p. 499

mya short for ‘million years ago’. Also written as Ma p. 442

myelin sheath a layer of protein-rich fatty material that 
wraps around an axon, increasing the speed of electrical 
transmission in the axon p. 366

myeloma cells rapidly dividing cancerous plasma cells 
which are fused with extracted B cells from mice to 
produce hybridomas p. 375

N
NAD+ the unloaded form of NADH p. 166

NADH a coenzyme that is a proton (H+) and electron 
carrier in cellular respiration p. 166, 220

NADP+ the unloaded form of NADPH p. 166

NADPH a coenzyme that is a proton (H+) and electron 
carrier in photosynthesis p. 166, 190

narrow-spectrum agent a type of antimicrobial agent that 
affects a small variety of microorganisms p. 640

natural active immunity protection against a pathogen 
conferred by antibodies produced by an individual’s own 
immune system without medical intervention p. 355

natural immunity protection against a pathogen formed 
without medical intervention p. 355

natural killer (NK) cell a leukocyte responsible for the 
recognition and destruction of damaged and/or infected 
host cells p. 319

natural passive immunity protection against a pathogen 
conferred by antibodies produced by another individual’s 
immune system without medical intervention (e.g. 
breastfeeding) p. 355

natural selection organisms that are better adapted to their 
local environmental selection pressures are more likely to 
survive and pass on their genes p. 405, 425

neuraminidase an enzyme on the surface of the influenza 
virus that releases the virus from the host cell p. 649

neuron a specialised cell that transmits electrical impulses 
in the nervous system p. 266, 365

neurotransmitter a signalling molecule that is produced 
and released by neurons and travels across a  
synapse p. 263, 275

neutrophil the most common type of leukocyte in the body. 
Engages in phagocytosis of pathogens and foreign material, 
as well as the release of cytokines p. 318

node the splitting point between two branches on a 
phylogenetic tree, representing a speciation event p. 489

non-cellular pathogen a pathogen that does not have 
a cellular structure or exhibit the processes of a living 
organism. Examples include viruses and prions p. 304

non-competitive inhibition the hindrance of an enzyme by 
binding to an allosteric site and changing the conformation 
of the active site to prevent substrate from binding p. 159

non-overlapping a property of the genetic code which 
means that nucleic acids are read in successive sets of three 
and each nucleotide is part of only one codon p. 118

non-recombinant plasmid a plasmid that has either ligated 
with itself rather than with the gene of interest or was 
never cut in the first place. These plasmids are selected 
against using antibiotic selection or reporter genes p. 594

non-self antigen a molecule from outside the body that is 
recognised by the immune system and initiates an immune 
response. Also known as a foreign antigen p. 303

non-specific describes a component of the immune system 
that responds the same way to all pathogens p. 311

nonpolar describes a molecule without a clearly positive or 
negative end. These tend to be hydrophobic p. 49, 69

nonsense mutation a mutation in which a nucleotide 
is substituted for another, changing the codon to a stop 
codon, ceasing transcription on the gene. Therefore, there 
is an effect on protein structure p. 393

nuclear DNA DNA that is located in the nucleus of a  
cell p. 109, 500

nucleic acid the class of macromolecules that includes 
DNA and RNA. All nucleic acids are polymers made out of 
nucleotide monomers p. 50, 108
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nucleotide the monomer unit of nucleic acids. Made up 
of a nitrogen-containing base, a sugar molecule (ribose in 
RNA and deoxyribose in DNA), and a phosphate  
group p. 108

nucleus an organelle present in eukaryotic cells consisting 
of a double membrane that contains the cell’s genetic 
material p. 43

numerical variables factors that are measured as a number 
such as height, count of population, and age p. 22

nutrient agar a jelly-like substance containing nutrients 
needed for bacterial survival in culture p. 594

O
offspring children of a parent p. 403

oligodendrocyte a cell of the nervous system specialised to 
support the function of neurons p. 366

open inquiry an investigation that is student-centred, 
whereby students develop their own question and 
experiment p. 20

operator a short region of DNA that interacts with 
regulatory proteins to alter the transcription of an  
operon p. 132

operon a cluster of linked genes that all share one 
promoter region and are transcribed at the same time p. 132

opposable digit a digit (either the thumb or the big 
toe) that is able to touch all the other digits on the same 
appendage p. 528

opsonisation the mechanism by which complement 
proteins attach to the surface of pathogens, making them 
easier to phagocytose p. 320

optimal the point at which, for a given condition (e.g. 
temperature), the maximum function of an enzyme occurs 
p. 149, 198, 238

organelle cellular structures that perform specific cellular 
functions p. 41

organic a molecule containing covalently linked  
carbon p. 50

origin of replication (ORI) a sequence found in prokaryotes 
that signals the start site of DNA replication p. 593

osmosis the passive transport of a solvent (typically water) 
through a semipermeable membrane from a hypertonic 
solution to a hypotonic solution p. 74

Out of Africa hypothesis a well-supported model for 
human migration that suggests Homo sapiens moved out of 
Africa in several waves and replaced other hominin species 
in Eurasia p. 548

outlier readings that vary drastically from other  
results p. 6

P
pandemic an epidemic that has spread across multiple 
countries and/or continents p. 637

paracrine signalling when a cell releases a signalling 
molecule that acts on a neighbouring target cell p. 263

parasite an organism that lives in or on another organism, 
usually deriving nutrition from the host organism p. 304

passive immunity protection against a pathogen conferred 
by externally produced antibodies p. 355

passive transport the movement of molecules through a 
semipermeable membrane and down the concentration 
gradient, without an input of energy p. 73

pathogen an agent that causes disease p. 303, 636, 648

peptide a short chain of amino acids p. 99

peptide bond  the chemical bond linking two amino acid 
monomer subunits p. 101, 122

peptide hormone a protein signalling molecule that 
regulates physiology or behaviour p. 99

peripheral protein a protein that is temporarily secured to 
the plasma membrane p. 68

permineralised fossil a fossil formed when organic matter 
is gradually replaced by hard minerals. Also known as a 
mineralised fossil p. 451

personal error mistakes or miscalculations due to human 
fault. Can be eliminated by performing the experiment 
again correctly p. 4

phagocyte a group of leukocytes responsible for the 
endocytosis and destruction of pathogens and foreign 
material p. 285, 318

phagocytosis endocytosis of solid material or food 
particles p. 84, 285

phenotype the physical or biochemical characteristics of 
an organism, resulting from expression of a gene (or set of 
genes) and interaction with the environment p. 396, 412

pheromone chemicals that are excreted by one organism 
and produce a response in another organism p. 263

phosphate head the hydrophilic subunit of a  
phospholipid p. 67

phosphodiester bond the chemical bond linking a five-
carbon sugar to a phosphate group p. 108

phospholipid the main molecule of which membranes are 
composed. They have a phosphate head and two fatty acid 
tails p. 67

phospholipid bilayer a double layer of amphiphilic 
molecules that forms the primary component of cell 
membranes p. 67

photolysis of water the reaction by which water is split 
into hydrogen and oxygen using light energy p. 190

photosynthesis the process of capturing sunlight energy to 
power the production of glucose and oxygen from carbon 
dioxide and water p. 182

phototroph an organism that uses light energy to make 
organic compounds for nutrition p. 444

phylogenetic tree a diagram used to show the relatedness 
between organisms p. 488
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phylogenetics the study of the relatedness between 
organisms p. 488

physical barrier a component of the first line of defence 
that features solid or fluid obstacles that block pathogen 
entry e.g. skin, mucus p. 311

pinocytosis endocytosis of liquid or dissolved  
substances p. 84

placebo a substance that has no therapeutic benefit or side 
effects and can be used as a control when testing new  
drugs p. 3

plant cell eukaryotic cells that contain a cell wall or 
chloroplasts and are found in organisms in the kingdom 
Plantae p. 41

plasma cell a differentiated B lymphocyte that is 
responsible for the generation and secretion of antibodies 
during the humoral response p. 329

plasma membrane the phospholipid bilayer and embedded 
proteins which separate the intracellular environment 
from the extracellular environment p. 44, 66, 274

plasmid a small, circular loop of DNA that is separate from 
a chromosome, typically found in bacteria p. 569

plasmid vector a plasmid that is modified to be an ideal 
vector for transformation experiments p. 593

platelets a component of blood responsible for forming 
clots and stopping bleeding p. 321

point mutation a mutation that alters one nucleotide p. 393

polar describes a molecule with both a positive end and 
negative end. These tend to be hydrophilic p. 49, 69

poly-A tail a stretch of adenine nucleotides added to the 3’ 
end of pre-mRNA during RNA processing p. 120

polymer a large molecule that is made up of small, 
repeated monomer subunits p. 50, 100

polymerase an enzyme that synthesises a polymer from 
monomers, such as forming a DNA strand from nucleic 
acids p. 570

polymerase chain reaction (PCR) a laboratory technique 
that results in the production of many identical copies of 
DNA over a short period of time through repeated thermal 
cycling p. 576

polypeptide a long chain of amino acids. Proteins can be 
made of one or many polypeptides p. 99

polyploidy when an organism contains additional sets of 
each chromosome in its genome p. 395

population a group of individuals of the same species living 
in the same location p. 403, 411

practical report  a structured record of an experiment p. 17

precise two or more measurements that closely agree with 
each other p. 3

precursor messenger RNA (pre-mRNA) the immediate 
product of transcription of a DNA sequence. Requires 
modifications before it can undergo translation p. 119

prehensile the ability to grasp objects p. 528

primary data results collected from experiments, 
interviews, or surveys undertaken by the researcher p. 16

primary immune response the reaction of the immune 
system to an antigen it has not previously come into 
contact with p. 356

primary lymphoid tissue components of the lymphatic 
system that are responsible for the production and 
maturation of lymphocytes. Includes bone marrow and the 
thymus p. 340

primary structure the first level of protein structure, which 
is the order of amino acids in the chain p. 101

primate a member of the order Primates that’s comprised 
of about 400 different living species and that share 
a number of features including opposable digits and 
binocular vision p. 527

primer a short, single strand of nucleic acids that act as a 
starting point for polymerase enzymes to attach p. 570, 576

prion an abnormally folded protein in the brain or central 
nervous system (CNS) of a mammal that induce other 
proteins to misfold. Causes a number of neurodegenerative 
diseases p. 304

product the transformed molecule(s) produced in a 
reaction p. 147

prokaryote a group of single-celled organisms with no 
nucleus and a circular loop of DNA. Bacteria and archaea 
are both prokaryotic p. 40, 443

promoter the sequence of DNA to which RNA polymerase 
binds p. 119, 132

prophylaxis a measure taken to prevent the onset of an 
illness p. 649

prosthetic group  a non-protein group bound to a protein. 
For example, a vitamin or ion p. 102

protein a type of biomacromolecule made of amino acid 
chains folded into a 3D shape p. 50, 81, 99

protein carrier  a polypeptide that undergoes 
conformational change to transport molecules across a 
membrane p. 74

protein channel  a protein-based pore in a phospholipid 
bilayer that selectively enables transport of large or polar 
molecules p. 74

protein pump  a polypeptide that transports molecules 
across a membrane against its concentration gradient with 
the aid of ATP p. 75

proteome all the proteins that are expressed by a cell or 
organism p. 99

protist a single-celled eukaryote from the kingdom 
Protista. Examples include amoeba and algae p. 444

protozoa a phylum of single-celled eukaryotes that can 
cause disease p. 304

pyroptosis a highly programmed form of cell death 
initiated by the human immunodeficiency virus in helper T 
cells p. 367
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pyruvate pyruvate a three-carbon molecule which is 
formed from the splitting of glucose p. 220

Q
qualitative data non-numerical data, typically collected 
through observations and interviews. Also known as 
categorical data p. 3

quantitative data numerical data that expresses an amount 
or range of values p. 3

quaternary structure the level of protein structure where 
multiple polypeptide chains bond together, or prosthetic 
groups are added to form a fully functional protein p. 101

R
R-group the variable part of the amino acid molecule. It 
can be one of twenty variations and determines the identity 
of the amino acid p. 100

radioisotope a radioactive atom of a specific element. 
This atom breaks down into a more predictable and stable 
product p. 453

radiometric dating a dating technique used to determine 
the absolute age of a fossil by measuring the relative 
amounts of radioisotopes to their products p. 453

random coil a secondary structure of proteins that is 
neither alpha helix nor beta-pleated sheet p. 101

random error variation in results caused by uncontrollable 
conditions between replicates in the measuring process, 
resulting in a less precise spread of readings. Can be 
reduced using more replicates or refining the measurement 
process p. 4

rational drug design a process in which scientists study 
the shape and charge of a target molecule and design 
a complementary–shaped drug that gives rise to a 
therapeutic benefit p. 648

raw data  results that have not been processed, 
manipulated, or formatted for use p. 17

reactant the molecule(s) that undergoes transformation 
into the product. When enzymes are involved, the 
reactant(s) is called a substrate p. 146

reading frame the order in which nucleotide triplets or 
codons are divided into a consecutive, non-overlapping 
sequence p. 394

reception the detection of a signal due to a change in the 
internal or external environment p. 255

receptor a structure that detects a signal, usually a  
protein p. 255

receptor protein a protein within or on the surface of a cell 
that binds with signalling molecules, leading to a change in 
cellular activity p. 99

recessive allele a trait that can be masked by a dominant 
allele on the homologous chromosome p. 427

recognition site a specific target sequence of DNA upon 
which a restriction enzyme acts p. 569

recombinant plasmid a plasmid vector that has ligated to 
the gene of interest to form a new single piece of circular 
DNA p. 594

regulatory gene a segment of DNA responsible for 
producing proteins that control the expression of other 
gene(s) p. 131, 508

relative age the age of a fossil as determined by relative 
dating techniques. Describes the age of a fossil compared to 
other fossils, instead of a fossil’s age in years p. 454

Relenza a drug designed to combat the influenza  
virus p. 648

reliable describes a measurement, tool, or experiment that 
produces similar results when repeated and reproduced, 
and therefore can be trusted p. 5

repeatable an experiment/measurement in which 
scientists, using the methods they designed, can obtain the 
same result multiple times p. 5

replicates multiple experimental runs exposed to the same 
level of the IV p. 3

reporter gene a gene located on the plasmid vector that 
expresses an easily identifiable characteristic, allowing 
scientists to identify transformed bacteria. For example, 
green fluorescent protein (GFP) p. 593

representative sample the subset of a population (e.g. 
of bacteria, tomato plants, yeast) that takes part in the 
experiment and accurately reflects the characteristics of 
the larger group p. 5

repressor protein a protein coded for by a regulatory gene 
that prevents gene expression by binding to an  
operon p. 132

reproducible an experiment/measurement in which a 
group of scientists, using the original methods designed 
by others, can obtain the same results as another group’s 
experiment p. 5

response the action of a cell, organ, or organism caused by 
a signal p. 255

restriction enzyme a bacterially-produced enzyme that 
acts like molecular scissors to cut nucleic acid strands at 
specific recognition sites. They are a type of  
endonuclease p. 569

reversible inhibition enzyme inhibition that involves 
weaker bonds that can be overcome p. 159

Rhesus antigen an antigen on the surface of red blood 
cells that can cause an immune response if not matched 
correctly between donor and receiver p. 331

ribosomal RNA (rRNA) RNA that is a key structural 
component of ribosomes, which assemble  
proteins p. 109, 122

ribosome an organelle made of rRNA and protein that is 
the site of protein synthesis. Can be free or attached to  
RER p. 43, 82, 120
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ribosome subunit a structure that forms part of a ribosome. 
Each ribosome is comprised of a small and a large  
subunit p. 122

RNA (ribonucleic acid) a single stranded nucleic acid chain 
made up of nucleotides. Includes mRNA, rRNA, and  
tRNA p. 109, 117

RNA polymerase the enzyme responsible for copying 
a DNA sequence and constructing an mRNA sequence 
during transcription p. 119

robust having a larger and stronger build p. 536

root represents the most recent common ancestor for all 
members of the phylogenetic tree p. 489

rough endoplasmic reticulum (RER) a membranous 
organelle shaped like a series of connected, flattened 
cylinders that folds and transports proteins p. 43, 83

S
sagittal crest a ridge of bone running from front-to-back 
along the top of the skull p. 529

Sahelanthropus tchadensis an early hominin species that is 
thought to be the last common ancestor of modern humans 
and chimpanzees p. 536

saturation point the point at which a substance (e.g. an 
enzyme) cannot receive more of another substance (e.g. a 
substrate) p. 150

scatter plot a graph in which the relationship between 
variables is plotted using dots, through which a trendline 
may reveal correlation. Also known as a scattergram p. 22

School Assessed Coursework (SAC) an internally-marked 
assessment (e.g. practical report, test, media response) that 
contributes to your overall study score in VCE Biology p. 16

second line of defence a component of the innate immune 
system characterised by the non-specific response to injury 
and pathogens by a variety of cells and molecules p. 317

second messenger a group of small molecules that relay 
a signal from a transmembrane receptor during signal 
transduction. Also known as secondary messengers p. 275

secondary data results from sources other than the 
researcher’s own investigations p. 16

secondary immune response the reaction of the immune 
system to an antigen it has previously been exposed  
to p. 356

secondary lymphoid tissue components of the lymphatic 
system that are responsible for the maintenance of mature 
lymphocytes and the activation of the adaptive immune 
response. Includes lymph nodes (including the tonsils) and 
the spleen p. 340

secondary structure the level of protein structure where 
the amino acid chain forms either alpha helices, beta 
pleated sheets, or random coils p. 101

secretory products the substances inside a vesicle that are 
being transported out of the cell p. 82

sedimentary rock rock that has formed through the 
accumulation of sediment and hardening under pressure 
p. 451

selection pressure a factor in the environment (e.g. 
limited resources, deforestation, changing temperature, 
predation) that impacts an individual’s ability to survive 
and reproduce. It causes a struggle for survival p. 405

selectively permeable a property of cell membranes that 
ensures only specific substances pass across them. Also 
known as semipermeable p. 68, 73

sexual dimorphism a difference in appearance between 
sexes of the same species p. 536

short tandem repeats (STR) short, repeated sequences of 
nucleotides found in the non-coding regions of nuclear 
DNA p. 615

signal amplification a process during signal transduction 
whereby a single signal carried by a molecule is converted 
into many signals carried by many molecules p. 275

signal transduction the series of events that occur after the 
reception of a signal which results in the generation of a 
response p. 255, 273

signalling molecule a molecule which can interact with 
and initiate a response in a target cell p. 255, 263, 273

silent mutation a mutation in which a nucleotide is 
substituted for another, changing the codon, while coding 
for the same amino acid. Therefore, there is no effect on 
protein structure p. 393

smooth endoplasmic reticulum (SER) a membranous chain 
of connected and flattened sacs which are not coated with 
ribosomes. They are responsible for the production of 
lipids in a cell p. 43

social implications consequences that affect economics, 
politics, or society p. 616, 627

solute a substance dissolved in the solvent p. 74

solvent a liquid in which a solute is dissolved, forming a 
solution p. 74

somatic cell any cell in an organism that is not a germline 
cell p. 396

species a group of individuals who are able to breed with 
each other and produce viable and fertile offspring p. 418

spleen an organ located in the upper abdomen that serves 
a variety of functions in the immune system and the 
regulation of red blood cells p. 342

spliceosome the enzyme that removes introns from the 
pre-mRNA molecule during RNA processing p. 121

splicing process during gene expression where introns 
are cut out of a pre-mRNA molecule, and exons are joined 
together p. 120

standard ladder a mixture of DNA fragments of known 
length that are used in order to infer the size of fragments 
in a sample p. 582

start codon the sequence of three nucleotides in mRNA 
that signals the start of translation p. 118
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sticky end a staggered cut (rather than straight cut) by a 
restriction enzyme resulting in overhanging  
nucleotides p. 569

stimulus (pl. stimuli) an event or molecule that can initiate 
a response p. 255

stimulus-response model a model that describes how a 
system responds to a stimulus via the three-step process of 
reception, transduction, and response p. 255, 273

stoma (pl. stomata) small pores on the leaf’s surface that 
open and close to regulate gas exchange p. 183, 190, 196

stop codon the sequence of three nucleotides in mRNA 
that signals the end of translation p. 118

storage protein a protein that is a reserve of amino acids 
and metal ions p. 99

strata separate layers within sedimentary rock p. 454

stroma the fluid substance that makes up the interior of 
the chloroplasts. It is the site of the light-independent stage 
of photosynthesis p. 183, 191

stromatolite a rock structure formed when minerals (e.g. 
limestone) are trapped by prokaryotes p. 443

structural gene a segment of DNA that doesn’t code for 
regulatory proteins, but codes for proteins that will be used 
functionally or structurally throughout a cell or organism 
p. 132, 509

structural protein a type of protein that confers strength 
and shape to cells p. 99

structured inquiry an investigation in which students 
explore a teacher-proposed question through a prescribed 
procedure p. 20

struggle (for survival) the battle for organisms to survive 
and reproduce in their environment, caused by selection 
pressures and limited resources p. 403

substrate the reactant of a reaction that an enzyme 
catalyses p. 146

sugar-phosphate backbone the strong covalently linked 
chain of five-carbon sugar molecules and phosphate groups 
in a nucleic acid chain p. 108

supercontinent a massive historical landmass (eg. Pangaea, 
Gondwana, Laurasia) that broke apart to form the modern 
continents p. 462

sympatric speciation the divergence of a species from an 
original species without the presence of a geographical 
barrier p. 419

synapse the junction between a neuron and a target cell 
where neurotransmitters cross p. 266, 365

systematic error  faults that cause measurements to differ 
from the true value by a consistent amount each time a 
measurement is made, resulting in a less accurate result. 
Can be reduced by calibrating and maintaining  
instruments p. 4

T
T cytotoxic cell (Tc) a differentiated T lymphocyte that is 
responsible for the destruction of infected or abnormal 
cells p. 284, 332

T helper cells (Th)  a type of differentiated T lymphocyte 
that supports the functioning of a number of different 
immune cells, including the cloning and differentiation of 
selected T and B cells p. 328

T lymphocyte a type of lymphocyte that plays an important 
role in cell-mediated immunity which differentiates into 
cytotoxic T cells and T memory cells p. 328

T memory cell a differentiated T lymphocyte that is 
responsible for providing long-lasting immunological 
memory p. 333

Taq polymerase a heat-resistant DNA polymerase 
enzyme that amplifies a single-stranded DNA molecule by 
attaching complementary nucleotides p. 576

TATA box a type of promoter region to which RNA 
polymerase binds p. 119

taxon (pl. taxa) a term referring to a group of organisms 
(eg. species, genus, family, phylum) p. 489

tectonic plates Earth’s outer crust is divided into tectonic 
plates that float on the magma below. These movements 
explain several natural phenomena, including earthquakes 
and mountain range formation p. 462

template strand the strand of DNA transcribed by RNA 
polymerase to produce a complementary mRNA  
strand p. 119

termination sequence a sequence of DNA that signals the 
end of transcription p. 119

tertiary structure the 3D shape of the polypeptide  
chain p. 101

the fossil record documentation of fossils across time and 
space p. 461

the Krebs cycle the second stage of aerobic cellular 
respiration, where multiple reactions occur to create ATP 
and loaded NADH and FADH2. Also known as the citric 
acid or TCA cycle p. 221

third line of defence a subset of the immune system 
within vertebrates that is comprised of the humoral and 
cell-mediated responses which create a specific immune 
response and form immunological memory. Also known as 
the adaptive immune system or specific immune  
response p. 328

thylakoid a flattened sac-like structure inside the 
chloroplast. Each thylakoid is made up of a chlorophyll-
containing membrane enclosing a lumen. Thylakoids are 
the location of the light-dependent stage of  
photosynthesis p. 183, 190

thymus a primary lymphoid organ located in the chest. 
Serves as the site of T cell maturation p. 342

tonsils the name given to the two lymph nodes that reside 
at the back of the throat p. 342
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trace fossil fossils of objects or structures indicating 
the presence of organisms, rather than the organisms 
themselves (e.g. nests, footprints, and burrows) p. 452

transcription the process whereby a sequence of DNA is 
used to produce a complementary sequence of mRNA p. 117

transcription factor proteins that bind to the promoter 
region and control the function of RNA polymerase p. 119

transduction cascade the relaying of a signal from a 
transmembrane receptor to the cytosol or nucleus, 
involving many second messengers and proteins p. 276

transfer RNA (tRNA) RNA that recognises individual 
codons on the mRNA strand and adds the corresponding 
amino acid to the polypeptide chain during protein 
synthesis p. 109, 122

transformation the process by which bacteria take up 
foreign DNA from their environment. Scientists use this 
process to introduce recombinant plasmids into  
bacteria p. 594

transformed data results that have been converted from 
their raw format into a more visually sensible presentation 
that is easier to analyse p. 17

transgenic organism (TGO) a type of GMO that contains 
genetic material from another species that has been 
artificially introduced p. 625

transitional fossil fossils that show an intermediate stage of 
evolution p. 461

translation the process whereby an mRNA sequence is 
used to produce a corresponding amino acid sequence to 
build a polypeptide p. 117

transmembrane protein an integral protein that spans from 
the intracellular to the extracellular side of the plasma 
membrane p. 68, 275

transport protein a protein that moves substances across 
membranes or around organisms p. 99

trendline a line that shows the main pattern followed by a 
set of points on a graph. Also known as a line of best  
fit p. 24

trichomes small hairs on the surface of plants used to deter 
pathogens and/or insects p. 312

triplet a sequence of three nucleotides in DNA coding for 
one amino acid p. 117

U
uncertainty a quantification of the error associated with a 
measurement, often represented by the symbol ‘±’ after a 
reading p. 4

uncontrolled variable a factor that is not kept constant or 
accounted for throughout the experiment. Also known as 
an extraneous variable p. 8

universal a property of the genetic code which means that 
the same nucleic acid sequence codes for the same amino 
acids in all living things p. 118

unloaded the form of a coenzyme that cannot release 
stored chemical energy, but is free to accept a proton (H+), 
electron, or chemical group p. 166

V
vaccination program a series of vaccinations designed 
to confer an individual with immunity to a disease. Also 
known as a vaccination schedule p. 356

vaccine a medical treatment containing antigens designed 
to stimulate an individual’s immune system against a 
pathogen without causing disease p. 355

vacuoles a membrane-bound sac that is used for water and 
solute storage. It can also play a role in maintaining plant 
cell structure p. 44

valid a measurement or experiment that actually tests 
what it claims to be evaluating p. 5

vasodilation the expansion of blood vessels p. 320

vector a means of introducing foreign DNA into an 
organism; plasmids are a popular vector in bacterial 
transformation p. 593

vector an organism that is not affected by a disease but 
spreads it between hosts p. 639

venom inhibitors a molecule in the blood that locks onto 
venom molecules (e.g. snake or spider venom) and prevents 
them from reacting with cells in the body p. 319

vesicle a small fluid-filled organelle enclosed in a 
phospholipid membrane that transports substances around 
the cell p. 82

vestigial structure a part of an organism that has lost all 
or most of its usefulness as a result of evolution by natural 
selection p. 470

viable able to survive p. 418

virulence the potential of a pathogen to cause  
harm p. 356, 636

virus an infective agent composed of genetic material 
enclosed in a protein coat that requires a host cell to 
multiply p. 304, 648

W
well an indent in the gel into which a DNA sample is 
loaded p. 582

worm an invertebrate that can cause disease in its host by 
acting as a parasite p. 304

X
x-ray crystallography a technique used to determine the 
structure of target molecules p. 648

Y
yeast unicellular eukaryotic organisms from the kingdom 
Fungi p. 230

Z
zygote the cell formed by the combination of two gamete 
cells p. 463
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