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PREFACE: ABOUT THE AUTHORS 

My interest in Biology is a significant reason why I applied for medicine in university, and VCE Biology was 

genuinely one of my favourite subjects at school!. A narraKve around VCE Biology that is all too common is 

that you are required to relentlessly rote learn and memorise facts. While it’s true that there is quite a large 

breadth of content to cover, I do believe that there is a way to go through the subject exploring the content 

and finding the parts of biology and the world around us that fascinate you and keep you engaged, without 

losing yourself to boredom and hundreds of cue cards. I get that for most of us VCE is about marks, and 

there are absolutely Kps and tricks that enable you to score highly - some of which are as simple as using a 

parKcular keyword anyKme you come across a certain topic. However, I think that the ability to maintain 

moKvaKon throughout the year and into the exam period really comes from striking the right balance 

between ‘playing the VCE game’, and making the effort to find the passion and interest that made you 

choose the subject in the first place -  that’s what I would really encourage you to do! 

AUer compleKng VCE biology, for the first Kme I was able to directly apply the what I had learnt into 

everyday life. Yes atoms are cool, but have you ever looked down at your skin and just taken a moment to 

appreciate what a great first line of defence it is and how well its ‘intactness’ prevents the entry of 

pathogens! Sure, you could say that ‘any science in VCE can be applied to every day life’, but there’s a 

reason you’re reading these words now and hopefully, it’s because you find the science of life interesKng 

enough to add into your top 4 VCE subjects! Good luck with your VCE biology journey! 

Back when my sisters were in kindergarten, my mum would drag me along to pick them up. She’d speak 

with my sisters’ teachers for ages and I was leU behind to stare at a wall of neatly organised pockets, 

stacked full with medical brochures displaying big words like ‘Bacterial MeningiKs’, ‘ImmunisaKons’ and 

‘Chickenpox’. Naturally, curiosity got the best of me and I’d read them, taking one or two brochures home 

each Kme (sorry to the kindergarten staff - don’t think I was the intended audience). And that’s how I wrote 

my first ever ‘research paper’ on meningiKs, which I then proceeded to “diagnose” everyone on the 

playground with. When asked what kicked off my interest in biology and medicine, I will always refer to 

these moments of genuine curiosity and interest. Over a decade later, my passion for medicine and biology 

are sKll as strong as ever; what I’ve come to understand is that the more you learn, the more you realise you 

don’t know. Biology is pracKcal: it’s the study of life. You might not cure cancer with VCE Biology, but every 

piece of knowledge brings you one step closer! 

© JGJ Publishing

- Gaia Charan (99.85, 49 Study Score, Medical Student)

- Rachel Chen (99.85, 49 Study Score, Medical Student)

- Cindy Zeng (99.65, 42 Study Score, Medical Student)
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SAC AND EXAM TIPS 

1. STUDYING TIPS 

© JGJ Publishing

MAKE NOTES BASED 
OFF THE STUDY 
DESIGN

Some VCE Biology books in the market contain irrelevant pieces of information or concepts from 
old study designs that make it confusing for students to understand what they need to know. The 
study design provides the exact curriculum which students need to know for SACs and Exams. 
Since Biology examiners can only test you on content from the study design, you should create 
notes on what will be examined! 

ERROR BOOK An ‘error book’ is simply a book with all your mistakes! Throughout the year you will complete 
many practice assessments for Biology and are bound to make at least a few mistakes. A book 
like this is useful in: a) understanding why you made the specific error and b) identifying all your 
common errors so that, in subsequent practice tasks, you are less likely to make the same 
mistake. This means you can maximise the amount of marks earned!

WORK AHEAD OF 
CLASS

This one is quite logical — if you learn a concept before you cover it in class then you won’t be 
learning anything new in that next lesson! This means you will instead be revising and so, you can 
ask questions to consolidate your understanding rather than learn the content from scratch.

FLASHCARDS Flashcards are a useful active recall revision technique that can be used to learn definitions, 
concepts, theories or examples for Biology. You can make your own flashcards through 
purchasing them from the local store or via an online mean (such as Quizlet!).

READ/WATCH THE 
NEWS

The exam will not only test your knowledge of concepts but also your ability to apply that to 
contemporary Biology examples. So, reading or watching the news will be of benefit to you in 
becoming a Biology student with a holistic understanding of the scientific community.

EXAMINATION 
REPORTS

The Examination Reports for Biology are useful for three reasons: a) it provides information on 
how students performed in specific questions, b) there are examples of high scoring responses 
and c) general feedback is provided for student performance across the state.  

Knowledge of how students have performed is useful in predicting questions for future years (as I 
have done in this book!) — if students perform poorly in a question that targets a specific 
concept, it is highly likely that it will be tested the following year. Additionally, reading through 
the high scoring example responses allows you to know how you can improve the structure and 
quality of your own writing (so that you too can tailor your response to be a ‘high scoring’ answer).

UNDERSTAND THE 
RELATIONSHIP 
BETWEEN DIFFERENT 
TOPICS OF THE 
COURSE

The concepts taught in Biology are not separated but rather, are interrelated. For example, the 
processes of transcription and translation (AOS 1 topic) leads to the synthesis of photosynthetic 
enzymes like Rubisco (AOS 2 topic). 

Knowing how different parts of the study design relate can help you develop a deeper 
understanding of the Biology course, which is useful for answering the harder questions in the 
exam!
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2. WRITING TIPS 

© JGJ Publishing

SIGNPOSTING Signposting can be useful in giving your response structure and directly ‘showing’ the examiner where 
to allocate marks. Examples of signposting include: 
• “One application of the polymerase chain reaction is…” 
• “The difference between CAM and C4 plants is…” 
• “One international strategy to prevent pandemics is…”

UNDERLINE KEY 
TERMS

Underlining key terms can, again, ‘show’ the examiners where to allocate marks for your response — 
this is particularly important for extended response questions where large quantities of information 
must be processed by the examiner. Examples of responses where key terms are underlined can be 
found in the solutions section of this book. 

USE BRACKETS Brackets can be used to define key terms in the response and also explain your thought process 
regarding specific concepts! So, instead of wasting writing space and time by writing out a new 
sentence to explain your thoughts, you can instead use brackets.

HAVE A 
CHECKLIST 
AFTER 
ANSWERING A 
QUESTION

A ‘checklist’ can just be a series of questions you ask yourself after responding to the question to 
ensure that you have adequately responded to all parts of the question. This can include:  
• Have I used the task word properly? 
• Have I underlined key terms? 
• Have I linked to the case study? 
• Have I justified my response using sound biological principles?

EXPAND YOUR 
VOCABULARY

This can almost be seen as a way to ‘subtly flex’ on your examiner. Similar to VCE English, using complex 
words can elevate your responses by providing it with a new level of sophistication. You can expand 
your vocabulary by creating a list of unique words (separated by AOS). 

For example, when you learn immunity, you would potentially learn medical jargon which may be useful 
if a medical-oriented immunity question appeared in your exam!
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COMMAND TERM LIST 
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COMMAND 
TERM

DEFINITION EXAMPLE

DEFINE Present the meaning of a specific term. “Define the term speciation.”

DISCUSS Present the advantages and disadvantages. “Discuss the biological implications of genetic 
modification of crops.”

COMPARE Present the similarities and differences. “Compare the cell-mediated immune response 
with the humoral immune response.”

EVALUATE Present the advantages and disadvantages 
along with a final opinion.

“Evaluate the effectiveness of CRISPR-Cas9 as 
a gene replacement technology.”

EXPLAIN Present the features along with reasoning 
or implications.

“Explain how global travel influences the spread 
of disease.”

OUTLINE Present the specific features of a concept. “Outline one method to measure the rate of 
photosynthesis.”

DISTINGUISH Present how two concepts differ by a 
specific feature. 

“Distinguish between anaerobic and aerobic 
respiration in terms of ATP yield.”

DESCRIBE Present an overview of the features of a 
concept.

“Describe the role of mast cells in the allergic 
response.” 

IDENTIFY Present from alternative options. “Identify, from the electron microscope diagram, 
where photosynthesis occurs.”

JUSTIFY Present the advantages and significance of 
a specific concept.

“Justify the use of face masks as a public health 
measure for reducing the spread of COVID-19.”

STATE Present in a simple manner. “State one reason why the average brain size of 
hominins increased over time.”



8

PRACTICE QUESTIONS 

Ques%ons: Unit 3 AOS 1 
1. Nucleic acids as informa2on molecules that encode instruc2ons for the synthesis of proteins: the 

structure of DNA, the three main forms of RNA (mRNA, rRNA and tRNA) and a comparison of their 
respec2ve nucleo2des.*VCE BIOLOGY SD, p. 29* 

1.1 Define the term ‘nucleic acid’. [1 mark] 
 
1.2 Draw a labelled diagram of a nucleoKde from a DNA molecule. [3 marks] 

22% of a specific DNA molecules’ bases are adenine.  

1.3 What percentage of this DNA molecule is composed of cytosine bases? [1 mark]

1.4 Use the table below to describe the cellular role played by the three forms of RNA in protein synthesis. 
[3 marks] 

1.5 Outline three structural differences between DNA and RNA molecules. [3 marks] 

2. The gene2c code as a universal triplet code that is degenerate and the steps in gene expression, 
including transcrip2on, RNA processing in eukaryo2c cells and transla2on by ribosomes.*VCE BIOLOGY SD, p. 

29* 

2.1 IdenKfy the two main stages of protein synthesis. [1 mark] 

2.2 Define the terms ‘transcripKon’, ‘post-transcripKonal modificaKons’ and ‘translaKon’. In your response, 
idenKfy where these processes occur within a cell. [5 marks]

2.3 Outline the difference between introns and exons. [2 marks] 

Hypoproteinemia is a medical condiKon in which diagnosed paKents have low levels of protein in their 
blood. This means that the concentraKon of essenKal proteins such as membrane-transport proteins would 
be low.

2.4.1 Other than a lower rate of protein synthesis, suggest one reason why this paKent may be diagnosed 
with hypoproteinemia. [1 mark]

2.4.2 Explain the consequence of a paKent having a low concentraKon of membrane-transport proteins. [2 
marks]

2.4.3 Describe the main steps of the first stage of synthesis of a membrane-transport protein. [3 marks] 

© JGJ Publishing

Form of RNA Func%on

mRNA

tRNA

rRNA
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2.4.4 Explain the purpose of adding a poly-A tail and methyl cap to a pre-mRNA molecule. [2 marks] 

2.4.5 Describe the main steps of the second stage of synthesis of a membrane-transport protein. [3 marks] 

Explain the roles of the following in transcripKon: 

 2.5.1 RNA polymerase. [2 marks] 
 2.5.2 DNA template strand. [2 marks] 

Explain the roles of the following in translaKon: 

 2.6.1 Ribosome. [2 marks] 
 2.6.2 tRNA. [2 marks] 

A secKon of a DNA template strand that codes for amino acids has the following sequence: 

3’ CAGCTATATAACGCG 5’ 

2.7.1 Explain why this sequence of DNA codes for 5 amino acids rather than 15 amino acids. [2 marks] 

2.7.2 Outline the purpose of DNA having a 3’ and 5’ end. [1 mark] 

3. The structure of genes: exons, introns and promoter and operator regions.*VCE BIOLOGY SD, p. 29* 

3.1 Define the term ‘gene’. [1 mark] 

3.2 DisKnguish between the terms ‘introns’ and ‘exons’. [2 marks] 

3.3 Outline the funcKon of the ‘promoter' region of a gene. [2 marks] 

3.4 Outline the funcKon of the ‘operator' region of a gene. [2 marks] 

4. The basic elements of gene regula2on: prokaryo2c trp operon as a simplified example of a regulatory 
process.*VCE BIOLOGY SD, p. 29* 

4.1 Describe the purpose of gene regulaKon. [1 mark] 

4.2 Outline the purpose of the trp operon. [1 mark] 

4.3 Explain how the trp operon operates when there is a low concentraKon of tryptophan present. [3 
marks]  

4.4 Explain how the trp operon operates when there is a high concentraKon of tryptophan present. [3 
marks] 

Explain the role of the following components of the trp operon: 

 4.5.1 RNA Polymerase. [2 marks] 
 4.5.2 Operator. [2 marks] 
 4.5.3 Inhibitory TranscripKon Factor. [2 marks] 

© JGJ Publishing
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5. Amino acids as the monomers of a polypep2de chain and the resultant hierarchical levels of structure 
that give rise to a func2onal protein.*VCE BIOLOGY SD, p. 29* 

5.1 Define the term ‘condensaKon polymerisaKon’. [1 mark] 

5.2 Complete the following equaKon: 

Alanine + Glycine  DipepKde + __________. [1 mark]

A specific secKon of RNA is extracted and it is found to contain 540 monomers. However, it is known that a 
polypepKde chain containing only 25 amino acids is translated from this secKon.  

5.3 Explain how this may be the case. [2 marks] 

5.4 Explain the main steps involved in the process of condensaKon polymerisaKon. [3 marks] 

6. Proteins as a diverse group of molecules that collec2vely make an organism’s proteome, including 
enzymes as catalysts in biochemical pathways.*VCE BIOLOGY SD, p. 29* 

6.1 Define the term ‘proteome’. [1 mark]  

6.2 DisKnguish between the genome and the proteome of a cell. [3 marks]  

6.3 Explain why proteins are generally studied collecKvely rather than in isolaKon. [1 mark] 

6.4 IdenKfy whether the proteome or human genome is larger. Explain your choice. [3 marks] 

6.5 Use the spaces provided to define each level of protein structure and outline the bonding present. [4 
marks]

© JGJ Publishing

Level of Protein 
Structure

Defini%on Bonding Present

Primary

Secondary

TerKary

Quaternary
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7. The role of rough endoplasmic re2culum, Golgi apparatus and associated vesicles in the export of 
proteins from a cell via the protein secretory pathway.*VCE BIOLOGY SD, p. 29* 

7.1 Complete the table below, explaining the funcKon of the following organelles involved in protein 
exportaKon. [4 marks] 

7.2 Outline the funcKonal difference between free cellular ribosomes and ribosomes studded on the rough 
endoplasmic reKculum. [2 marks] 

8. The use of enzymes to manipulate DNA, including polymerase to synthesise DNA, ligase to join DNA 
and endonucleases to cut DNA.*VCE BIOLOGY SD, p. 29* 

8.1 Outline the general funcKon of endonucleases. [1 mark] 

8.2 Describe the general funcKon of ligases. [2 marks]

8.3 Describe the general funcKon of polymerases. [2 marks] 

9. The func2on of CRISPR-Cas9 in bacteria and the applica2on of this func2on in edi2ng an organism’s 
genome.*VCE BIOLOGY SD, p. 29* 

9.1 What does the term ‘CRISPR’ in CRISPR-Cas9 stand for? [1 mark] 

9.2 Explain the funcKon of the CRISPR-Cas9 system in bacteria. [2 marks] 

9.3 Explain how the CRISPR-Cas9 system in bacteria acts to develop immunological memory and respond to 
viruses that they have been previously exposed to. [5 marks] 

© JGJ Publishing

Organelle Organelle Func%on

Ribosomes

Rough 

Endoplasmic 

ReKculum

Golgi Body

Secretory 

Vesicle
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Sickle cell anaemia is an autosomal recessive disorder that causes the breakdown of premature red blood 
cells. A mutaKon in haemoglobin, a protein in red blood cells that is responsible for delivering oxygen to 
cells throughout the body, results in the disease. Research is currently taking place to determine if geneKc 
ediKng technologies can treat sickle cell anaemia paKents.  
 
Below is a diagram of haemoglobin. 

 
9.4.1 IdenKfy and define the level of protein structure of haemoglobin. [1 mark] 

β-globin is a protein subunit of haemoglobin and is necessary for carrying oxygen in red blood cells. The 
gene that codes for this parKcular protein, when mutated, results in sickle cell anaemia. CRISPR-Cas9, a 
gene ediKng tool, is proposed to be a potenKal soluKon to replacing this mutated gene. HematopoieKc stem 
cells, a type of cell that can differenKate into red blood cells, would be first collected from affected paKents. 
CRISPR-Cas9 technology would then be used to replace the defecKve gene with a funcKonal β-globin gene 
in these cells.  

9.4.2 Using your own understanding and the informaKon above, explain how CRISPR-Cas9 technology can 
be used to replace the defecKve β-globin gene. [4 marks]  

9.4.3 Explain one advantage and one disadvantage of using CRISPR-Cas9 technology to treat sickle cell 
anaemia. [4 marks] 

© JGJ Publishing
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10. Amplifica2on of DNA using polymerase chain reac2on and the use of gel electrophoresis in sor2ng 
DNA fragments, including the interpreta2on of gel runs for DNA profiling.*VCE BIOLOGY SD, p. 29* 

10.1.1 Describe the purpose of the polymerase chain reacKon. [1 mark] 

10.1.2 Describe the steps of the polymerase chain reacKon. [4 marks] 
 
10.1.3 State two applicaKons where the polymerase chain reacKon can be used. [2 marks] 

The polymerase chain reacKon process can be described as ‘sensiKve’. 

10.2 Explain the above statement. [2 marks] 

10.3 Complete the table below, explaining the funcKon of the following components involved in the 
polymerase chain reacKon. [4 marks] 

10.4.1 Describe the purpose of gel electrophoresis. [1 mark]

10.4.2 IdenKfy one molecule, other than DNA fragments, that can be separated through gel electrophoresis. 
[1 mark] 

10.5 Explain why DNA molecules are negaKvely charged. [2 marks] 

10.6 Explain the main steps of the process of gel electrophoresis. [4 marks] 

© JGJ Publishing

Components Func%on

NucleoKdes

Taq 

Polymerase

Primers

DNA Sample
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10.7 Complete the table below, describing the funcKon of the following features involved in the process of 
gel electrophoresis. [6 marks]

11. The use of recombinant plasmids as vectors to transform bacterial cells as demonstrated by the 
produc2on of human insulin.*VCE BIOLOGY SD, p. 29* 

11.1 Define the term ‘gene cloning’. [1 mark] 
 
11.2 Describe the structure and funcKon of plasmids. [2 marks] 
 
The diagram below displays the process of bacterial transformaKon.  

11.3 Describe the process of bacterial transformaKon and outline how transformed bacteria are idenKfied. 
[4 marks] 

© JGJ Publishing

Feature Func%on

Buffer SoluKon

Wells

Terminals

Dye

Current (power)

DNA Ladder

RestricKon 

Enzymes
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12. The use of gene2cally modified and transgenic organisms in agriculture to increase crop produc2vity 
and to provide resistance to disease.*VCE BIOLOGY SD, p. 29* 

12.1 DisKnguish between ‘geneKcally modified organisms’ and ‘transgenic organisms’. [3 marks] 

12.2 Explain two benefits, one agricultural and one immunological, of the geneKc modificaKon of 
organisms. [4 marks] 

12.3 Complete the table below, explaining the social implicaKons of the use of geneKcally modified 
organisms. [6 marks] 

12.4 Complete the table below, explaining the biological implicaKons of the use of geneKcally modified 
organisms. [6 marks] 

12.5 Complete the table below, explaining the ethical implicaKons of the use of geneKcally modified 
organisms. [6 marks] 

© JGJ Publishing

Implica%on Explana%on

Social inequality is created.

MalnutriKon can be solved.

Human self-interest is prioriKsed over the 

ethical treatment of organisms. 

Implica%on Explana%on

Cross pollinaKon between geneKcally modified 

crops and non-geneKcally modified crops can 

occur.

Loss of biodiversity.

GeneKcally modified animals may compete 

with natural populaKons.

Implica%on Explana%on

ViolaKon of animal rights.

Inappropriate intervening of evoluKon.

Costs for farmers increases. 
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Ques%ons: Unit 3 AOS 2 
1. The general structure of the biochemical pathways in photosynthesis and cellular respira2on from 

ini2al reactant to final product .*VCE BIOLOGY SD, p. 30* 

1.1.1 Define the term photosynthesis. [1 mark] 

1.1.2 Explain the importance of photosynthesis. [3 marks] 

1.1.3 Write the chemical equaKon for photosynthesis. [1 mark] 

1.1.4 Write the worded equaKon for photosynthesis. [1 mark] 

1.2.1 Define the term cellular respiraKon. [1 mark] 

1.2.2 Explain the importance of cellular respiraKon. [3 marks] 

1.2.3 Write the chemical equaKon for cellular respiraKon. [1 mark] 

1.2.4 Write the worded equaKon for cellular respiraKon. [1 mark] 

2. The general role of enzymes and coenzymes in facilita2ng steps in photosynthesis and cellular 
respira2on.*VCE BIOLOGY SD, p. 30* 

 

2.1 Define the term ‘enzyme’. [2 marks] 

Enzymes are referred to as biological catalysts. 

2.2 Outline what is meant by the terms ‘biological’ and ‘catalyst’ in the term biological catalyst. [2 marks] 

2.3 Define the term ‘acKvaKon energy’. [1 mark] 

2.4 IdenKfy two enzymes in the human body and outline their purpose. [3 marks] 
 
2.5 Outline how the structure of an enzyme’s acKve site suits its funcKon. [2 marks] 

Yeasts metabolise different sugars to varying extents.  
 
2.6 Suggest two reasons for this. [2 marks] 

Catalase is an enzyme that catalyses the breakdown of hydrogen peroxide. Below is a chemical reacKon that 
demonstrates this: 

2.7.1 Draw a labelled diagram of the acKon of catalase using the lock and key model of enzyme acKon. [3 
marks] 

2.7.2 Draw a labelled diagram of the acKon of catalase using the induced fit model of enzyme acKon. [3 
marks] 

2.8 Explain the difference between coenzymes and cofactors. [3 marks] 

© JGJ Publishing

2H2O2 2H2O + O2
Catalase
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2.9 DisKnguish between the ‘unloaded’ and ‘loaded’ form of a coenzyme. [2 marks] 

2.10.1 Explain the funcKon of the coenzyme ATP. [2 marks] 

2.10.2 Explain the funcKon of the coenzyme NADH. [2 marks] 

2.10.3 Explain the funcKon of the coenzyme NADPH. [2 marks] 

2.11 Outline one similarity and one difference between NADPH and NADH. [2 marks] 

3. The general factors that impact on enzyme func2on in rela2on to photosynthesis and cellular 
respira2on: changes in temperature, pH, concentra2on, compe22ve and non-compe22ve enzyme 
inhibitors.*VCE BIOLOGY SD, p. 30* 

3.1 Explain the importance of kineKc energy in enzyme-catalysed reacKons. [2 marks] 

3.2.1 Define the term ‘inhibitor’. [1 mark] 

3.2.2 Explain the mode of acKon of compeKKve inhibitors. Draw a labelled diagram to support your 
response. [4 marks] 

3.2.3 Explain the mode of acKon of non-compeKKve inhibitors. Draw a labelled diagram to support your 
response. [4 marks] 

A student accidentally mislabels an inhibitor soluKon and is unsure whether it contains a 2% soluKon of a 
compeKKve inhibitor, X, or a 2% soluKon of a non-compeKKve inhibitor, Y. Both these inhibitors inhibit the 
acKon of enzyme Z.  

3.3 Design an experiment to determine if the inhibitor in the soluKon is X or Y. [5 marks] 

3.4 IdenKfy three factors, other than the acKon of inhibitors, that can have an effect on enzyme acKvity. [1 
mark] 

To determine the effect of increasing temperature on the rate of lipid breakdown, five separate test tube 
soluKons of lipase are subject to varying temperatures. The individual test tubes are then added to separate 
soluKons of milk. Lipase acts to break down lipids in the milk into glycerol and faxy acids. The rate of 
enzyme acKvity is determined by recording the concentraKon of glycerol before and 5 minutes aUer adding 
the lipase soluKon. This data is presented below.  

3.5.1 IdenKfy the temperature at which lipase acKvity was most opKmal. Explain your choice using data 
from the above table. [3 marks] 

3.5.2 Using your understanding of enzyme structure and funcKon, explain the data obtained at 50ºC. [3 
marks] 

© JGJ Publishing

Temperature (ºC) Concentra%on of glycerol in milk before 
lipase is added (M)

Concentra%on of glycerol in milk aQer lipase is 
added (M)

10ºC 0.1M 0.15M

20ºC 0.1M 0.25M

30ºC 0.1M 0.4M

40ºC 0.1M 0.28M

50ºC 0.1M 0.13M
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3.5.3 Explain how recording the pH of the milk soluKon before and aUer adding the lipase soluKon can be 
used to determine the rate of lipase acKvity in this experiment. [3 marks] 

Below is a line graph displaying the effect of varying temperature on the acKvity of amylase.  

3.6.1 Explain what the ascending and descending porKons of the graph above reflects in terms of amylase 
acKvity. [4 marks] 

3.6.2 Describe the term ‘denaturaKon’ with reference to enzyme structure. [2 marks] 

3.6.3 Explain why the primary structure of amylase is unaffected by denaturaKon whereas the terKary 
structure is. [3 marks] 

Below is a line graph displaying the effect of varying pH on the acKvity of catalase. 

3.7 Explain what the ascending and descending porKons of the graph above reflects in terms of catalase 
acKvity. [3 marks] 

Below is a line graph displaying the rate of reacKon between lipase and lipids. In this parKcular experiment, 
the concentraKon of lipids is increasing and the concentraKon of lipase is fixed.  
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3.8.1 Explain the results of the graph from 0-20 seconds. [3 marks] 
 
3.8.2 Explain the results of the graph from 20 seconds onwards. [3 marks] 

Below is a line graph displaying the rate of reacKon for an experiment whereby trypsin, an enzyme that 
catalyses the breakdown of proteins, is increasing in concentraKon.  

3.9.1 Explain the results of the graph from 0-30 seconds. [3 marks] 

3.9.2 Explain the results of the graph from 30 seconds onwards. [3 marks] 

4. Inputs, outputs and loca2ons of the light dependent and light independent stages of photosynthesis 
in C3 plants (details of biochemical pathway mechanisms are not required).*VCE BIOLOGY SD, p. 30* 

4.1 IdenKfy the two stages of photosynthesis and where each stage occurs. [2 marks] 

4.2 Explain the steps of the light-dependent stage of photosynthesis. [3 marks] 

4.3 Explain the steps of the light-independent stage of photosynthesis. [3 marks] 

5. The role of Rubisco in photosynthesis, including adapta2ons of C3, C4 and CAM plants to maximise the 
efficiency of photosynthesis required).*VCE BIOLOGY SD, p. 30* 

Rubisco is one of the most abundant enzymes in the world and is a key enzyme in photosynthesis. Below is 
an incomplete chemical equaKon that demonstrates the acKon of rubisco.  

5.1.1 Complete the above chemical equaKon by wriKng the correct input in the empty space. [1 mark] 

5.1.2 Explain the funcKon of Rubisco in photosynthesis. [2 marks] 

5.1.3 IdenKfy whether Rubisco is involved in the light-dependent or light-independent stage of 
photosynthesis. [1 mark] 

5.1.4 IdenKfy where Rubisco is found in a cell. [1 mark] 

5.1.5 Describe the main steps of the first stage of Rubisco synthesis. [3 marks] 
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ScienKsts have hypothesised that two different types of plants, C4 and CAM, arrived from natural selecKon. 
Their primary purpose is to minimise the chance of engaging in photorespiraKon.  

5.2.1 Define the term ‘photorespiraKon’. [1 mark] 

5.2.2 Describe two consequences of a C3 plant engaging in photorespiraKon. [2 marks] 

5.2.3 Explain how C4 plants avoid engaging in photorespiraKon. [3 marks] 
 
5.2.4 Explain how CAM plants avoid engaging in photorespiraKon. [3 marks] 

A secKon of a C3 plant leaf is prepared and viewed under a light microscope. Below is what is viewed.  

5.3.1 Outline why the stomata of a C3 plant remains closed during hot condiKons and explain the 
consequences of this on the efficiency of photosynthesis. [4 marks] 

Although the stomata of CAM pants remain closed during the day, they are sKll able to photosynthesise. 
 
5.3.2 Explain how this is the case. [3 marks] 

Euphorbia balsamifera is a flowering plant that grows in the hot and dry condiKons of the Sahara desert. 
Due to these condiKons, E. balsamifera separates the light-dependent and light-independent stages of 
photosynthesis. However both these stages occur in the mesophyll cells of the plant.  

5.4 IdenKfy whether E. balsamifera is a C3, C4 or CAM plant and outline how these two stages of 
photosynthesis are ‘separated’. [2 marks] 

Corn is a C4 plant that has developed adaptaKons to minimise the chance of undergoing photorespiraKon.  

5.5.1 IdenKfy one example of a C4 plant, other than corn. [1 mark] 

5.5.2 Explain one physical feature of C4 plants that disKnguish them from C3 plants. [2 marks] 

5.5.3 In regards to corn, idenKfy which cell type the light-dependent stage occurs and in which cell type the 
light-independent stage occurs. [2 marks] 
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5.5.4 Explain the purpose of separaKng the light-dependent and light-independent stage by cellular locaKon 
as seen in C4 plants. [3 marks] 

Oxygen is a compeKKve inhibitor of Rubisco. This is because oxygen has a high affinity for the acKve site of 
Rubisco. The binding of oxygen to Rubisco can lead to photorespiraKon.  

5.6.1 Draw a labelled diagram explaining the mode of acKon of oxygen as a compeKKve inhibitor of Rubisco. 
[3 marks] 

Below is a graph displaying the effect of increasing the concentraKon of oxygen in a closed system on the 
rate of photosynthesis.  

5.7 Explain the results of the data above. [3 marks] 

6. The factors that affect the rate of photosynthesis: light availability, water availability, temperature 
and carbon dioxide concentra2on).*VCE BIOLOGY SD, p. 30* 

 

6.1 Define the term ‘limiKng factor. [1 mark] 

An experiment was conducted to determine the effect of varying temperature on the rate of 
photosynthesis. The results of this experiment are graphed below.  

6.2.1 Explain the results of the experiment at point A of the above graph. [3 marks] 

6.2.2 Explain the results of the experiment at point B of the above graph. [3 marks] 

6.2.3 Explain the results of the experiment at point C of the above graph. [3 marks] 
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Two separate experiments were conducted in the classroom to prove that CO2 is required for 
photosynthesis. Two enclosed test tubes with two halves of a leaf are prepared in the same condiKons 
except test tube 1 contains potassium hydroxide and test tube 2 does not contain potassium hydroxide. The 
funcKon of potassium hydroxide is to absorb CO2. The exposed parts of each leaf are then tested for starch.  

6.3 IdenKfy whether the leaf in test tube 1 or test tube 2 will test posiKve for starch. JusKfy your choice. [3 
marks] 

An experiment was conducted to determine the effect of increasing the concentraKon of carbon dioxide on 
the rate of photosynthesis. The results of this experiment are graphed below. 

6.4.1 Explain the results from of the experiment from point A onwards. [3 marks] 

The arrow on the above graph indicates where the rate of photosynthesis is zero. 

6.4.2 Explain why the rate of photosynthesis is zero when there is no carbon dioxide available. [2 marks] 

6.5 Explain the relaKonship between water availability and the rate of photosynthesis. [3 marks] 

6.6 Explain the relaKonship between light intensity and the rate of photosynthesis. [3 marks] 

7. The main inputs, outputs and loca2ons of glycolysis, Krebs Cycle and electron transport chain 
including ATP yield (details of biochemical pathway mechanisms are not required).*VCE BIOLOGY SD, p. 30* 

7.1 Define the term ‘glycolysis’. [1 mark] 

7.2 IdenKfy the inputs and outputs of glycolysis. [2 marks] 

7.3 Explain why glucose is broken down via a series of reacKons rather than a single-step reacKon. [3 marks] 

7.4 IdenKfy the inputs and outputs of the Krebs Cycle. [2 marks] 

7.5.1 IdenKfy the inputs and outputs of the Electron Transport Chain. [2 marks] 

7.5.2 Describe the main steps of the Electron Transport Chain. [3 marks] 

8. The loca2on, inputs and the difference in outputs of anaerobic fermenta2on in animals and 
yeasts).*VCE BIOLOGY SD, p. 30* 

8.1 Define the term ‘anaerobic fermentaKon’. [1 mark] 

8.2 Explain two reasons why anaerobic respiraKon is a less efficient process than aerobic respiraKon. [2 
marks] 

8.3 IdenKfy the cellular locaKon of anaerobic fermentaKon in animals and yeasts. [2 marks] 
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8.4 IdenKfy the inputs and outputs of anaerobic fermentaKon in animals. [2 marks] 

8.5 IdenKfy the inputs and outputs of anaerobic fermentaKon in yeasts. [2 marks] 

8.6 Describe two applicaKons of anaerobic fermentaKon. [2 marks] 

9. The factors that affect the rate of cellular respira2on: temperature, glucose availability and oxygen 
concentra2on).*VCE BIOLOGY SD, p. 30* 

An experiment was conducted to determine the effect of varying temperature on the rate of 
photosynthesis. The results of this experiment are graphed below.  

9.1.1 Explain the results of the experiment at point A of the above graph. [3 marks] 

9.1.2 Explain the results of the experiment at point B of the above graph. [3 marks] 

9.1.3 Explain the results of the experiment at point C of the above graph. [3 marks] 

9.2 Explain the relaKonship between glucose availability and the rate of cellular respiraKon. [3 marks] 

9.3 Explain the relaKonship between oxygen availability and the rate of cellular respiraKon. [3 marks] 

10. Poten2al uses and applica2ons of CRISPR-Cas9 technologies to improve photosynthe2c efficiencies 
and crop yields.*VCE BIOLOGY SD, p. 31* 

10.1 Outline one bioKc and one abioKc stressor which plants can possess tolerance against if CRISPR-Cas9 
technology is used to modify the plant genome. [2 marks] 

Cucumis saKvus L., commonly referred to as cucumbers, was the subject of geneKc tesKng in January 2016. 
ScienKsts used CRISPR-Cas9 technology to target a gene elF4E, which is associated with increased viral 
pathogenesis. DisrupKon of this gene can lead to viral resistance in cucumbers. ConsumpKon of virally-
infected cucumbers do not cause negaKve health effects for humans - only the plant will be harmed if 
infected by a plant-specific virus.   

10.2 Explain one advantage of using CRISPR-Cas9 technology to produce virally-resistant plants. [2 marks] 

10.3 Based on the above informaKon and using your own knowledge, outline two way in which CRISPR-Cas9 
technology can be used to control plant viruses. [2 marks] 

11. Uses and applica2ons of anaerobic fermenta2on of biomass for biofuel produc2on.*VCE BIOLOGY SD, p. 31* 

11.1 Define the term 'biomass'. [1 mark] 

11.2 Define the term ‘biofuel’. [1 mark] 

11.3 Explain whether biofuels are renewable or non-renewable sources. [3 marks] 

11.4 IdenKfy one type of biofuel. Explain how it is produced and its environmental benefits. [3 marks] 
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Ques%ons: Unit 4 AOS 1 
1. Physical, chemical and microbiota barriers as preventa2ve mechanisms of pathogenic infec2on in 

animals and plants.*VCE BIOLOGY SD, p. 34* 

1.1 Define the term ‘pathogen’. [1 mark] 

1.2 Explain how pathogens cause disease. [3 marks] 

1.3 Outline two differences between plant and animal immune systems to prevent pathogenic infecKon. 

1.4.1 Describe two physical barriers that would protect the human body from an invading pathogen. [2 
marks] 

1.4.2 Describe two chemical barriers that would protect the human body from an invading pathogen. [2 
marks] 

1.4.3 Describe two microbiological barriers that would protect the human body from an invading pathogen. 
[2 marks] 

1.5.1 Describe two physical barriers that could be present in a plant that would protect itself from an 
invading pathogen. [2 marks] 

1.5.2 Describe two chemical barriers that could be present in a plant that would protect itself from an 
invading pathogen. [2 marks] 

1.5.3 Describe two microbiological barriers that could be present in a plant that would protect itself from an 
invading pathogen. [2 marks] 

2.  The innate immune response including the steps in an inflammatory response and the characteris2cs 
and roles of macrophages, neutrophils, dendri2c cells, eosinophils, natural killer cells, mast cells, 
complement proteins and interferons.*VCE BIOLOGY SD, p. 34* 

2.1 IdenKfy two anKgen presenKng cells. [2 marks] 
 
2.2 Draw a labelled diagram of the steps involved in phagocytosis. [3 marks]

Sam was recently diagnosed with the common cold as a result of infecKon by the Influenza virus.

2.3.1 IdenKfy whether the Influenza virus is a cellular or non-cellular pathogen. Explain your choice. [2 
marks]

2.3.1 Describe how natural killer cells would protect Sam once the Influenza virus has gained entry to the 
internal environment. [2 marks]

2.3.2 Describe how complement proteins would protect Sam once the Influenza virus has gained entry to 
the internal environment. [2 marks]

2.3.3 Describe how neutrophils would protect Sam once the Influenza virus has gained entry to the internal 
environment. [2 marks]

2.3.4 Describe how interferons would protect Sam once the Influenza virus has gained entry to the internal 
environment. [2 marks] 
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2.3.5 Explain why Sam is more suscepKble to being infected by other invading pathogens now that he has 
been diagnosed with the cold. [3 marks] 

2.3.6 Explain the importance of a fever in reducing the spread of the Influenza virus and describe how a 
fever is brought on. [4 marks] 

Rachel is a keen biology student who is studying for her end of year examinaKons. Whilst compleKng a 
pracKce examinaKon, she cuts her finger with the edge of the paper. 

2.4.1 Explain the inflammatory response that will occur at a cellular level. [5 marks] 

2.4.2 Explain the purpose of the inflammatory response. [3 marks] 

During spring, James develops watery eyes, a runny nose and congesKon as symptoms of hay fever. This is 
brought on when he plays outside, parKcularly on windy days. These symptoms are due to an allergic 
reacKon to pollen.  
 
2.5 Explain, at a cellular level, the steps leading to an allergic reacKon in James. [4 marks] 

Neutrophils are located in the bloodstream. When a pathogen gains entry into the internal environment, 
neutrophils migrate to the site of invasion by a process called extravasaKon. Below is a labelled diagram 
displaying this process.  

2.6.1 Describe the role of mast cells in the migraKon of leukocytes. In your response, idenKfy what chemical 
X is. [3 marks] 

2.6.2 Explain why the epithelial lining is impermeable when there are no invading pathogens. [2 marks]

2.6.3 Describe how the neutrophil will respond when in the presence of the invading pathogens. [2 marks] 
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3. Ini2a2on of an immune response, including an2gen presenta2on, the dis2nc2on between self-
an2gens and non-self an2gens, cellular and non-cellular pathogens and allergens.*VCE BIOLOGY SD, p. 34* 

3.1 Define the term ‘anKgen’. [1 mark] 

3.2 Explain why it is important for immune cells to be able to recognise the difference between self and 
non-self anKgens. [3 marks] 

3.3 Describe the role of mast cells in an allergic response. [2 marks] 

3.4 Outline how sensiKsaKon to an allergen first occurs. [2 marks] 

3.5 IdenKfy the key difference between MHC-I and MHC-II. [1 mark] 

3.6 Give an example of one cellular and one non-cellular pathogen, and describe how the body responds 
differently to each. [3 marks] 

4.  The role of the lympha2c system in the immune response as a transport network and the role of 
lymph nodes as sites for an2gen recogni2on by T and B lymphocytes.*VCE BIOLOGY SD, p. 34* 

4.1 Define the term ‘lymphaKc system’. [1 mark]

4.2 Describe two funcKons of the lymphaKc system in humans. [2 marks] 

4.3 Describe how lymph fluid moves in the lymphaKc system. [2 marks] 

4.4 Name one body system that is closely connected to the lymphaKc system. [1 mark] 

4.5 State one example of a primary and secondary lymph organ. [2 marks] 

4.6 State the locaKon of B and T lymphocyte formaKon and maturaKon. [2 marks] 

4.7 Describe how the lymph system assists in anKgen recogniKon. [2 marks]  

4.8 Describe one structural feature of the lymphaKc system and explain how it assists in its funcKon. [2 
marks] 

AUer infecKon with a virus, Jane noKces that the lymph nodes underneath her chin are hard and swollen.  
 
4.9 Explain why this has occurred. [2 marks] 

Weil’s disease is a severe form of infecKon caused by the Leptopspira bacteria. It is generally not spread 
from person to person but instead passed from the urine of infected animals. The bacteria can easily pass 
through skin abrasions, or through the consumpKon of contaminated food and water.  

4.10 Describe how the lymph system assists in anKgen recogniKon of the Leptopspira bacteria. [3 marks] 
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5. The characteris2cs and roles of the components of the adap2ve immune response against both 
extracellular and intracellular threats, including the ac2ons of B lymphocytes and their an2bodies, 
helper T and cytotoxic T cells.*VCE BIOLOGY SD, p. 34*

5.1 Explain how clonal selecKon and expansion contribute to the adapKve immune response. [2 marks]  

Cancer occurs when mutated DNA in cells produce uncontrolled cellular growth. A normal body cell 
differenKates and produces proteins specific to its funcKon, whereas cancer cells do not require 
differenKaKon to produce proteins required for proliferaKon. Cancer cells do not require the same growth 
factors as normal cells, in addiKon to other factors, this enables them to grow at a faster rate. Not all 
cancerous cells result in the formaKon of a tumour. In many instances, the cancerous cells are detected by 
the immune system and subsequently removed. 

The immune system contains mulKple methods for removing cancer cells. 

5.2.1 Name and describe one adapKve pathway that can reduce cancer cells. [4 marks] 

5.2.2 Name and describe another adapKve pathway that can impair cancer cells. [4 marks] 
  
5.2.3 Explain how both pathways can prevent the same type of cancer cells from growing. [2 marks] 

5.3 Graph the concentraKon of anKbody that occurs during a secondary immune response and label key 
points on the graph below. [3 marks] 

6. The difference between natural and ar2ficial immunity and ac2ve and passive strategies for acquiring 
immunity.*VCE BIOLOGY SD, p. 34* 

6.1 DisKnguish between natural and arKficial immunity. [2 marks]  

6.2 DisKnguish between acKve immunity and passive immunity. [2 marks] 

6.3 Complete the following table, classifying examples of acKve and passive immunity. [4 marks]
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6.4 Describe one advantage and one disadvantage of acKve immunity. [2 marks] 

6.5 Describe one advantage and one disadvantage of passive immunity. [2 marks]

7. The emergence of new pathogens and re-emergence of known pathogens in a globally connected 
world, including the impact of European arrival on Aboriginal and Torres Strait Islander peoples.*VCE 

BIOLOGY SD, p. 34* 

7.1 Explain how global travel increases the risk of infecKous diseases emerging in a populaKon. [3 marks] 

7.2 IdenKfy two factors that increase the likelihood of a pathogen spreading in a populaKon. [2 marks] 

7.3 Explain why people previously unexposed to parKcular microbes are more suscepKble to becoming ill 
aUer exposure. [2 marks] 

7.4 Outline two ways in which Aboriginal and Torres Strait Islander people’s health may have been 
negaKvely impacted by colonisaKon beyond the introducKon of new pathogens into the environment. [2 
marks] 

Measles was declared to be eradicated from Australia in February 2009. However in 2019, 57 confirmed 
cases of measles was reported in Victoria.  

7.5 Explain two reasons for why there are sKll cases in Australia, 10 years aUer endemic measles was 
eradicated. [2 marks] 

Severe acute respiratory syndrome (SARS) is a viral respiratory illness caused by a coronavirus, called SARS-
associated coronavirus (SARS-CoV). Following the outbreak in February 2003, the illness spread to more 
than two dozen countries in North America, South America, Europe, and Asia in a maxer of months. 

7.6.1 Would the spread of this disease be more correctly referred to as an epidemic or a pandemic? Provide 
a reason to support your answer. [2 marks] 

Some scienKsts tried to put samples from the affected individuals onto agar in Petri dishes and incubaKng 
them.  

7.6.2 Explain why this approach was unsuccessful in isolaKng the SARS-CoV virus. [2 marks] 

7.7 IdenKfy two factors which may have contributed to the rapid spread of disease. [2 marks] 

Within fourteen months of the arrival of the First Fleet, it was reported that over half the Indigenous people 
in Sydney had succumbed to epidemic diseases brought over by the Europeans, such as smallpox, influenza 
and measles. However, the European sexlers were only minimally affected by this disease due to previous 
exposure in Europe.  

7.8 Explain why previous exposure to a pathogen minimises the effect of the pathogen. [3 marks] 

7.9 Explain why a pandemic is more likely to occur when a new pathogen emerges. [3 marks] 

8. Scien2fic and social strategies employed to iden2fy and control the spread of pathogens, including 
iden2fica2on of the pathogen and host, modes of transmission and measures to control 
transmission.*VCE BIOLOGY SD, p. 34* 

In the food industry, many methods are employed to idenKfy pathogens in foods being sold to consumers. 

8.1.1 Explain how culturing of pathogens on agar plates can be used to idenKfy specific pathogens. [3 
marks] 
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8.1.2 Briefly explain the steps of polymerase chain reacKon and how this technique can be use to idenKfy 
pathogens. [3 marks] 

8.1.3 Why might a company choose to use polymerase chain reacKon techniques over culturing for 
pathogen idenKficaKon. [2 marks] 

8.2 Explain two adaptaKons of bacteria that enable it to evade host defences. [2 marks]

8.3 How does the mode of transmission of a pathogen influence the spread of disease? [2 marks] 

COVID-19 is transmixed from person to person through direct contact with respiratory droplets of an 
infected person, generated through coughing and sneezing. Individuals can be infected from touching 
surfaces contaminated with the virus and then touching their face (via World Health OrganisaKon). 

8.4.1 Outline two public health measures that could control the spread of COVID-19 and explain how they 
would be effecKve. [2 marks] 

ProtecKve gowns and masks are a preventaKve measure used against AIDS, a disease that spreads via 
infected body fluids.  

8.4.2 Describe another effecKve method for prevenKng the transmission of diseases that spread through 
infected body fluids. [2 marks] 

8.4.3 Explain why wearing protecKve gowns and masks is not completely effecKve when prevenKng the 
spread of COVID-19. [2 marks] 

Explain how the following three strategies can limit the impact of new emerging diseases: 

 8.5.1 Carrying out research. [2 marks] 
 8.5.2 Improving internaKonal relaKonships. [2 marks] 
 8.5.3 Developing training programs. [2 marks] 

9. Vaccina2on programs and their role in maintaining herd immunity for a specific disease in a human 
popula2on.*VCE BIOLOGY SD, p. 34* 

9.1 Define the term ‘vaccine’. [1 marks]

9.2 Describe the purpose of vaccines. [2 marks] 
 
9.3 Explain how vaccinaKons generate immunological memory to specific pathogens. [4 marks] 

VaccinaKons serve to develop an individual’s primary immune response to a parKcular pathogen. 
 
9.4 IdenKfy two reasons why a mother may choose not to vaccinate her child. [2 marks]

In some circumstances, a booster vaccinaKon may be required years aUer an iniKal vaccinaKon against a 
pathogen.

9.5 Explain why this may be the case. [2 marks] 

9.6 Explain two health-related impacts of implemenKng vaccinaKon programs. [3 marks]

9.7 Define the term ‘herd immunity’. [1 mark] 
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9.8 Explain how vaccines can be used to achieve herd immunity. [3 marks] 

9.9 Describe two features of an effecKve vaccinaKon program? [2 marks]  

9.10 Explain how opposiKon to vaccinaKon programs poses a challenge to the development of herd 
immunity in a populaKon. [3 marks] 

10. The development of immunotherapy strategies, including the use of monoclonal an2bodies for the 
treatment of autoimmune diseases and cancer.*VCE BIOLOGY SD, p. 34* 

10.1 Define the term ‘monoclonal anKbody’. [1 mark] 

10.2 Describe one advantage and one challenge with the use of monoclonal anKbody treatment. [2 marks] 

10.3 Assuming that anKbodies created are derived from a mouse, explain how monoclonal anKbodies can 
be developed for the treatment of cancer. [4 marks] 

10.4 Describe two ethical associated with using animals to create monoclonal anKbodies. [2 marks] 

10.5.1 Define the term ‘autoimmune disease’. [1 mark] 

10.5.2 Explain why autoimmune diseases occur, with reference to self and non-self cells. [2 marks] 

10.5.3 Explain why it is difficult to diagnose and treat autoimmune diseases. [3 marks] 
 
10.6 Explain why immunotherapy is considered a type of biological treatment. [2 marks] 

In a lab, a sample of lung cancer Kssue has been used to culKvate monoclonal anKbodies to treat 
adenocarcinoma. AUer purificaKon, the monoclonal anKbodies are read to be used. 

10.7.1 Describe how monoclonal anKbodies are administered to paKents. [1 mark] 
 
During transportaKon, the monoclonal anKbodies produced were mistakenly labelled under another name, 
and given to a paKent with leukaemia, which refers to cancers of blood cells.  
 
10.7.2 How will the cellular effects of the monoclonal anKbody change as a result? [2 marks] 

Largely used in the treatment of cancer, chemotherapy causes many unwanted side effects such as nausea, 
hair loss and faKgue. A new therapy is being trialled that involves delivering a chemotherapy drug 
conjugated to a monoclonal anKbody specific to an anKgen on the cancer cell. 

10.8.1 Explain why this may help to minimise the side effects of chemotherapy drug. [1 marks] 
 
A diagram of the proposed setup is shown below. 
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The chemotherapy drug that is axached to the anKbody unfortunately breaks down before it is able to 
axach to the anKgen of the cancer cell. 

10.8.2 Determine what acKons the now naked monoclonal anKbody may perform. [1 mark] 

Cancer cells are generally quite difficult to detect by the immune system as they contain many similar 
anKgens to other healthy cells in your body.  
 
10.8.3 Explain why this is the case. [1 marks] 

A radioacKve tag may be bound in place of the drug. 

10.8.4 Explain why this tag may be useful in the detecKon and treatment of cancer. [2 marks] 

Rheumatoid arthriKs (RA) is an autoimmune disease that presents with joint pain and arthriKs as the 
immune system axacks the joint linings. Blood tests of paKents with rheumatoid arthriKs present with 
elevated levels of interleukin-6 (IL-6), a cytokine that promotes inflammaKon and leads to joint pain. Recent 
developments of monoclonal anKbodies known as IL-6 inhibitors have shown promising results in relieving 
the pain associated with rheumatoid arthriKs. 

10.9.1 Explain why IL-6 inhibitors may relieve the pain and inflammaKon associated with rheumatoid 
arthriKs. [2 marks] 

An adult RA paKent receiving treatment from IL-6 inhibitors is infected with a virus that is typically self-
limiKng, causing fever and cough for a maximum of five days in most adults. However, this paKent does not 
develop a fever and their cough persists for over two weeks. 
 
10.9.2 Explain why this may be the case. [1 mark] 

Interleukin-1 (IL-1) is another cytokine that is involved in the inflammatory response and is over-expressed 
in paKents with RA. A diagram of a IL-1 molecule is depicted below. 

10.9.3 Draw a labelled diagram of a monoclonal anKbody that could be used to minimise the acKon of IL-1. 
[2 marks] 

Ques%ons: Unit 4 AOS 2 
1. Causes of changing allele frequencies in a popula2on’s gene pool, including environmental selec2on 

pressures, gene2c dric and gene flow; and muta2ons as the source of new alleles.*VCE BIOLOGY SD, p. 35* 

1.1.1 Define the term ‘gene pool’. [1 mark] 

1.1.2 Define the term ‘geneKc driU’. [1 mark]  

1.1.3 DisKnguish between the terms ‘gene flow’ and ‘geneKc driU’. [2 marks] 

1.2.1 Explain how the ‘founder effect’ can reduce geneKc variaKon in a populaKon. [2 marks] 
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1.2.2 Explain why the frequency of a specific mutaKon would be higher in the founding populaKon 
compared to a parent populaKon. [2 marks] 

1.3.1 Explain how the ‘boxleneck effect’ can reduce geneKc variaKon in a populaKon. [3 marks] 
 
1.4 Explain why geneKc driU has a greater impact on small populaKons compared to larger ones. [2 marks] 

The sable antelope species possess horns that arch backwards, with males having larger horns than 
females. However, the larger horns make it difficult for these antelopes to move, catch prey and eat. There 
are more male sable antelopes with larger horns compared to smaller horns.  

1.5 Explain how the larger horns in the males of this species could have evolved despite the difficulKes 
stated above. [3 marks]  

Phytophthora infestans is a fungus that causes a disease in potatoes and tomatoes termed ‘late blight’. It is 
considered to be the catalyst for the Irish potato famine. The organism originated in Mexico and it is 
theorised that a single microorganism was transported into Europe, and Ireland specifically, due to global 
trade. 

1.6.1 IdenKfy the phenomenon that best describes the movement of P. infestans from Mexico to Europe. [1 
mark] 

1.6.2 Compare the likely geneKc diversity of the P. infestans populaKons in Mexico and Europe, and explain 
why this would be the case. [3 marks] 

1.6.3 IdenKfy and describe two consequences of lowered geneKc diversity. [2 marks] 
 
1.6.4 Outline one method to increase the geneKc diversity of a populaKon. [2 marks] 

The New Zealand black robin suffered a severe boxleneck when cats and rats depleted the populaKon to 
only five individuals, of which only one was a mature female. 

1.7.1 Explain the boxleneck effect and its impact on the geneKc diversity of a populaKon. [4 marks] 

1.7.2 Describe one benefit and one risk of human intervenKon to encourage breeding and populaKon 
growth aUer a boxleneck like that of the New Zealand black robin. [2 marks] 

In the event of a fixed gene pool, determine whether the following statements are true or false: 

 1.8.1 The populaKon must be small. [1 mark] 
 1.8.2 There must be no mutaKons occurring at all. [1 mark] 
 1.8.3 Natural selecKon must not be operaKng on the populaKon. [1 mark] 
 1.8.4 There can be immigraKon but not emigraKon. [1 mark]  

1.9.1 Define the term ‘mutaKon’ and outline one cause of mutaKons. [2 marks] 
 
1.9.2 Explain how point mutaKons are sources of new alleles. [2 marks]  

A secKon of DNA was found to have the following sequence: 

3'... CCAAGCCAA ...5' 

1.10.1 Using a codon table, write down the amino acid sequence coded for by this DNA sequence. [1 mark] 
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A mutaKon occurs, causing the first adenine nucleoKde to be replaced with a thymine.  

New strand: 3'... CCTAGCCAA ...5' 

1.10.2 Name the type of mutaKon and outline the potenKal effect on the resultant protein produced. [2 
marks] 

A mutaKon occurs, causing the first guanine nucleoKde to be replaced with a thymine.  

New strand: 3'... CCAATCCAA ...5' 

1.10.3 Name the type of mutaKon and describe the potenKal effect on the resultant protein produced. 
[3marks] 

A secKon of DNA was found to have the following sequence: 

3’… TACCCAAGTCAT … 5’ 
 
1.11.1 Using a codon table, write down the amino acid sequence coded for by this DNA sequence. [1 mark] 

A mutaKon occurs in which the 7th base in the DNA sequence, adenine, was replaced by a guanine base. 

3’… TACCCAGGTCAT … 5’ 

1.11.2 What type of mutaKon has occurred in this example? [1 mark] 

1.11.3 Explain the effect that this mutaKon will have on the structure and funcKon of the polypepKde. [3 
mark] 

1.11.4 Assuming that the protein produced as a result of the mutaKon is funcKonal, describe the effect that 
the mutaKon will have on the geneKc diversity of the populaKon. [2 marks] 

1.12 Explain how evoluKon by natural selecKon brings about phenotypic differences between species. [3 
marks] 

2. Biological consequences of changing allele frequencies in terms of increased and decreased gene2c 
diversity.*VCE BIOLOGY SD, p. 35* 

“PopulaKons tend to produce more offspring than the environment can support.” 

2.1 Explain the consequences of the above statement. [2 marks] 

2.2 Complete the table below, idenKfying whether or not the below factors increase or decrease geneKc 
variaKon. [4 marks] 
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2.3 Explain why offspring are not geneKcally idenKcal to their parents. [2 marks] 
 
2.4 Explain how inbreeding lowers the fitness levels of populaKons. [2 marks] 

Northern elephant seals have reduced geneKc variaKon because of a populaKon boxleneck that humans 
inflicted on them in the 1890s. HunKng reduced their populaKon size to as few as 20 seals by the end of the 
19th century. 

2.5.1 Describe how the boxleneck effect has impacted the variaKon of the northern elephant seals. [3 
marks] 

2.5.2 IdenKfy two strategies that can help to increase geneKc diversity in criKcally endangered species like 
the northern elephant seals. [2 marks] 

There is a higher incidence of fumarase deficiency in a populaKon of members of a fundamentalist church. 
The enzyme, fumarase, plays an important role in energy producKon. Some people who experience this 
condiKon are severely disabled, with both developmental abnormaliKes and mental retardaKon. PracKces 
of the church include endogamy, marrying within the religion, and polygyny or the pracKce of taking several 
wives. The populaKon that pracKces this religion is isolated from surrounding populaKons and experience a 
much higher incidence of this specific geneKc condiKon.  

2.6.1 What evoluKonary mechanism has caused a higher incidence of fumarase deficiency to occur within 
this populaKon? [1 mark] 

2.6.2 Describe how this mechanism has caused this to occur.  [3 marks] 

2.6.3 Which organelle does this geneKc condiKon most likely affect? [1 mark] 

3. Manipula2on of gene pools through selec2ve breeding programs.*VCE BIOLOGY SD, p. 35* 

3.1 Explain the purpose of ‘selecKve breeding programs’. [2 marks] 
 
3.2 IdenKfy the selecKve pressure in selecKve breeding programs. [1 mark] 

3.3 Describe one similarity and one difference between natural and arKficial selecKon. [2 marks] 

3.4.1 Explain how domesKc dogs can be selecKvely bred. [3 marks] 

3.4.2 Describe the effect that the selecKve breeding of dogs has on the gene pool of the domesKc dog 
populaKon. [2 marks] 

3.4.3 Explain one advantage and one disadvantage of the selecKve breeding of dogs. [2 marks] 

3.4.4 Explain two ethical issues associated with the selecKve breeding of dogs. [2 marks] 

3.4.5 Explain two reasons, except for aestheKc value, why individuals want to selecKvely breed dogs. [2 
marks] 

3.5 Explain how drought-resistant crop plants can be produced by selecKve breeding. [3 marks] 

3.6 Describe how phenotypic differences in two unrelated species would prevent them from producing 
offspring. [2 marks]  
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4. Consequences of bacterial resistance and viral an2genic dric and shic in terms of ongoing challenges 
for treatment strategies and vaccina2on against pathogens.*VCE BIOLOGY SD, p. 35* 

SARS-CoV-2, known by the common name COVID-19, was declared a pandemic in March 2020 by the World 
Health OrganisaKon. In countries where it was highly prevalent among the populaKon, new strains 
emerged.  

4.1.1 Describe the process for the emergence of these new viral strains. [4 marks] 

4.1.2 Explain why these new strains soon infected a larger proporKon of the populaKon, compared to the 
old strains. [2 marks] 

In order to control the spread of the disease, many countries implemented vaccine programs.  

4.1.3 Explain how the appearance of new strains potenKally affect the vaccine program. Describe one 
method to manage this effect. [3 marks] 

4.2 Explain why new strains of bacteria spread rapidly in populaKons. [2 marks] 

4.3.1 Define the term ‘anKgenic shiU’ and explain the consequence of viruses undergoing anKgenic shiU. [3 
marks]

4.3.2 Define the term ‘anKgenic driU’ and explain the consequence of viruses undergoing anKgenic driU. [3 
marks] 

Methicillin-resistant Staphylococcus aureus (MRSA) is a ‘superbug’ that is capable of causing infecKon in 
different parts of the body. MRSA arises as a result of S. aureus, a bacteria, being resistant to common 
anKbioKcs. MRSA infecKons typically occur in hospital environments. 
 
4.4.1 With reference to Darwin’s theory of evoluKon by natural selecKon, explain how MRSA bacteria have 
evolved to become resistant to anKbioKcs. [3 marks]

4.4.2 Outline two methods to reduce the development of anKbioKc-resistant strains of bacteria. [2 marks]

4.4.3 Explain why it would be infeasible to create new anKbioKcs to reduce the spread of MRSA. [2 marks]

HaemaggluKnin (HA) and neuraminidase (NA) are the two main anKgens found on the influenza virus. 

4.5.1 Draw and annotate a diagram that shows how anKgenic shiU may occur in influenza virus parKcles. [3 
marks] 

4.5.2 IdenKfy whether anKgenic shiU or anKgenic driU is a greater challenge against treatment and 
immunity, and explain why this is the case. [3 marks] 

5. Changes in species over geological 2me as evidenced from the fossil record: faunal (fossil) succession, 
index and transi2onal fossils, rela2ve and absolute da2ng of fossils.*VCE BIOLOGY SD, p. 35* 

5.1 Define the term ‘palaeontology’. [1 mark] 

5.2.1 Define the term ‘fossil’. [1 mark] 

5.2.2 Explain what is meant by the term ‘fossil record’ and what it provides evidence of. [3 marks] 

5.3 Explain why the fossil record is incomplete. [2 marks] 
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5.4 What is the term used to describe daKng methods that make use of radioisotopes such as carbon-14? 

A fossil was located which was believed to be approximately 8 million years old. 

5.5.1 Determine whether it is possible to establish the age of the fossil using carbon-14 daKng. [2 mark] 
 
5.5.2 Determine what other methods can be used to determine the absolute age of this fossil. [1 mark] 

An alternaKve method of daKng involves the use of straKgraphy, such as in the diagram shown below - 
different strata and formaKons are indicated with different lexers. 

5.5.3 Given that there are fossils in each secKon, which secKon would have the oldest fossil? Provide a 
reason to support your answer. [2 marks] 

Human artefacts, such as old poxery pieces and rudimentary cooking supplies are found in layers B and C 
only.  

5.5.4 What informaKon can you infer on the sexlement of humans in the area? [2 marks] 

5.6 Explain what is meant by the term ‘transiKonal fossils’ and how they can be used to determine 
relatedness between species. [3 marks] 

5.7.1 Explain what is meant by the term ‘index fossils’ and how they can be used to determine relatedness 
between species. [3 marks] 

5.7.2 List two criteria that a fossil must saKsfy in order to be classified an ‘index fossil’. [2 marks] 

Explain the importance of the following condiKons for fossilisaKon: 

 5.8.1 Low oxygen levels. [2 marks] 
 5.8.2 Lack of scavengers. [2 marks]  

5.9 Explain why the most common fossils found are shelled invertebrates that existed in an aquaKc 
environment. [2 marks] 

5.10 Describe the specific condiKons that would have to occur in order for a terrestrial animal to become 
fossilised. [3 marks] 
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5.11.1 Explain how ‘relaKve daKng’ can be used to establish the age of a fossil. [3 marks] 

5.11.2 Outline one advantage and one disadvantage of relaKve daKng. [2 marks] 

5.11.3 Explain how ‘absolute daKng’ can be used to establish the age of a fossil. [3 marks] 

5.11.4 Outline one advantage and one disadvantage of absolute daKng. [2 marks] 
 
5.11.5 IdenKfy two differences between relaKve and absolute daKng. [2 marks] 

 

In 1977, the fossil of a baby wooly mammoth was discovered. It dates back approximately 40,000 years ago 
and was found frozen in an ice tomb in Siberia. 

5.12.1 Explain why the wooly mammoth was found in a well-preserved state with lixle evidence of 
decaying. [3 marks] 

Wooly mammoths are said to be descendants of modern elephants. 

5.12.2 Describe two methods that can be taken to determine if this is true. [2 marks] 

5.12.3 Suggest two reasons why wooly mammoths are exKnct. [2 marks] 

6. Evidence of specia2on as a consequence of isola2on and gene2c divergence, including Galapagos 
finches as an example of allopatric specia2on and Howea palms on Lord Howe Island as an example 
of sympatric specia2on.*VCE BIOLOGY SD, p. 35* 

6.1 Define the term ‘master regulatory gene’. [1 mark] 

6.2 Define the term ‘novel phenotype’. [1 mark] 

6.3 Define the term ‘speciaKon’. [1 mark] 
 
6.4 Define the term ‘adapKve radiaKon’. [1 mark] 

A river separates members of a rabbit populaKon that used to occupy the same geographical area. AUer 
many generaKons, the rabbits on the leU side of the river are significantly smaller and more athleKc than 
the rabbits on the right side of the river. ScienKsts observed that it may be because of the populaKon of 
foxes on the leU side of the river. 

6.5.1 Explain what happened to the rabbit populaKon on the leU side of the river. [4 marks] 
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ScienKsts discovered that these two rabbit populaKons were no longer of the same species.  

6.5.2 Define the term 'species'. [1 mark] 

6.5.3 Describe the process of allopatric speciaKon with relaKon to these rabbit populaKons. [3 marks] 

It was found that finches on the island of Galapagos expressed a variety of beaks that differed in shape and 
size. AUer analysis, it was found that these differences were caused by mutaKons in the BMP4 gene.  

6.6.1 State the funcKon of the BMP4 gene. [1 mark] 

6.6.2 Explain why mutaKons occurring in the BMP4 gene can quickly create a variety of phenotypes with 
regards to beak shapes in Galapagos finches. [3 marks] 

6.6.3 What name is given to structures that have the same common evoluKonary origin? [1 mark]  

6.6.4 Using the diagram above, explain the condiKons that are suitable for the finches to undergo 
speciaKon. [3 marks] 

6.6.5 Explain how one species of finch can be found on different islands in Galapagos. [1 mark]  

6.6.6 Name the process that allows for the accumulaKon of differences between populaKons of finches. [1 
mark] 

A longer, more pointed beak is bexer equipped to eat the food available to finches in a certain 
environment. A populaKon of finches includes those with beaks of various lengths.  

6.6.7 Explain how this populaKon is likely to evolve. [4 marks] 

There are two species of Howea plants (H. belmoreana and H. forsteriana) on Lord Howe Island that appear 
to have a common ancestor and accumulated enough differences to be considered different species. 

Experiments were conducted to test the effect of soil pH and height above sea level on the growth of the 
two species of Howea plants aUer one month. In the first experiment, the Howea plant species were 
planted in soils of varying pH. In the second experiment, they were planted in soils at different heights 
above sea level. All other factors were controlled. 

Data for these two experiments can be found below.  

6.7.1 Explain what key features result in two populaKons being considered different species. [1 mark] 
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6.7.2 IdenKfy the process through which the two species of Howe plants would have developed from their 
common ancestor. [1 mark] 

6.7.3 Explain why the process idenKfied in 6.7.2 is less likely to occur then the type of speciaKon in which 
populaKons are geographically isolated and name the process that occurs when different species develop 
from geographically isolated populaKons. [3 marks] 

6.7.4 Using the data from Figure 1, explain how the two species of Howea plants developed. [3 marks] 

6.7.5 Using the data from Figure 2, explain how the two species of Howea plants developed. [3 marks] 

7. Evidence of relatedness between species: structural morphology – homologous and ves2gial 
structures; and molecular homology – DNA and amino acid sequences. *VCE BIOLOGY SD, p. 35* 

7.1 Define the terms ‘analogous structures’ and ‘homologous structures’. [2 marks] 
 
7.2 Explain how DNA sequencing provides evidence of relatedness between species. [3 marks] 

A secKon of an intron from four species: A, B, C and D, was taken and analysed. The results are as shown 
below: 

A  …GCACTTCGATAGGC… 
B  …GCACTTCGATAAGC… 
C  …GAACTCCGATACGC… 
D  …GGACTACGATACGC… 

7.3.1 Based on the sequences of DNA listed above, draw a cladogram showing the relaKve geneKc 
relaKonship between the four species. [2 marks] 

A study of the four species’ ancestry indicates that individuals B and D were the most closely related.  

7.3.2 Explain why this result might differ from that provided by the DNA sequences above. [2] 

7.3.3 Why can studying mutaKons within introns be more useful than studying mutaKons that occur within 
exons? [3 marks] 

We can also use amino acid sequences to determine relatedness between species.  

7.3.4 Why is DNA generally more preferable than amino acid sequences in molecular homology? [2 marks] 

7.4 Explain how amino acid sequencing of a protein can provide evidence of relatedness between 
organisms. [3 marks] 

© JGJ Publishing



40

 

7.5 State whether or not the above diagram suggests that the six organisms evolved from a common 
ancestor. Explain your choice. [3 marks] 

7.6 Explain why using mulKple different types of data can improve the reliability of esKmated evoluKonary 
relaKonships. [2 marks] 

Sharks and dolphins are distantly related species, with their most recent common ancestor having existed 
over 290 million years ago. As such, sharks are classified as fish and dolphins as mammals. However, these 
two species have similar structures such as the streamlined body and fins opKmised for swimming rapidly 
through water. 

7.7.1 What term is used to describe these structures? [1 mark] 

7.7.2 Name the type of evoluKon that occurred between sharks and dolphins from their respecKve 
ancestors, explained how it occurred. [2 marks]

8. The use and interpreta2on of phylogene2c trees as evidence for the relatedness between species.*VCE 

BIOLOGY SD, p. 35* 

8.1 Outline what informaKon is obtained from analysing phylogeneKc trees. [1 mark] 

8.2 Explain the relaKonship between branch length and species relatedness. [2 marks] 

9. The shared characteris2cs that define mammals, primates, hominoids and hominins.*VCE BIOLOGY SD, p. 36* 

9.1 Define the term ‘primates’. [1 mark] 

9.2 Define the term ‘hominoids’. [1 mark] 

9.3 Define the term ‘hominins’. [1 mark] 

9.4 State two characterisKcs of primates that differenKates them from other mammals. [2 marks] 

9.5 IdenKfy a characterisKc of hominoids that differenKate them from primates? [1 mark] 

Explain the purpose of the following primate characterisKcs: 
 9.6.1 Pentadactylism. [2 marks] 
 9.6.2 Mobile arms. [2 marks] 
 9.6.3 Prehensile toe. [2 marks] 
 9.6.4 Being able to live in social groups. [2 marks] 

Outline the purpose of the following hominin characterisKcs: 
 9.7.1 Having less body hair. [2 marks] 
 9.7.2 Being bipedal. [2 marks] 
 9.7.3 Central foramen magnum. [2 marks] 
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10. Evidence for major trends in hominin evolu2on from the genus Australopithecus to the genus Homo: 
changes in brain size and limb structure.*VCE BIOLOGY SD, p. 36* 

Using data from the above table, explain the reason for the following trends: 

 10.1.1 Average brain size increasing. [3 marks] 
 
 10.1.2 Average adult height increasing. [3 marks] 

Approximately 40% of a skeleton of Australopithecus afarensis, commonly known as Lucy, was discovered in 
1974. It has been dated back 3.2 million years. The skeletal structure indicates that Lucy walked upright. 

10.2 Explain the changes in limb structure that have facilitated an upright walking posiKon in early 
hominins. [3 marks] 

Explain how the following aspects of hominin cultural evoluKon provide supporKng evidence of an 
increasing brain size: 

10.3.1 DomesKcaKon of plants and animals. [2 marks] 

10.3.2 ConstrucKon of containers. [2 marks] 

10.3.3 ProducKon of tools. [2 marks] 

10.3.4 PainKng in caves. [2 marks]  

10.3.5 A greater number of animals animals being hunted and killed. [2 marks] 

10.4 Describe one product of the cultural evoluKon of hominins that has led to increased geneKc evoluKon 
and one product that has led to decreased geneKc evoluKon. [3 marks] 

10.5 IdenKfy two differences that would be expected to be observed between a skull of Homo erectus and a 
skull of Homo sapiens. [2 marks] 
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The above diagram is a complete skeleton of a modern day human. Over millions of years, many changes 
have occurred to hominins. The specific features that have changed are indicated by the lexers above.  

Explain the reason for the changes in the labelled hominin features: 

 10.6.1 (A): The cranial capacity has increased. [3 marks] 
 10.6.2 (B): The face has become flaxer. [2 marks] 
 10.6.3 (C): The supraorbital brow ridges have reduced in size. [2 marks] 
 10.6.4 (D): The size of the cranial capacity compared to body size has increased. [2 marks] 
 10.6.5 (E): The size of teeth has reduced. [2 marks] 
 10.6.6 (F): The foramen magnum has become more centrally located. [2 marks] 
 10.6.7 (G): The jaw has decreased in size. [2 marks] 
 10.6.8 (H): The strength of bones has reduced. [2 marks] 
 10.6.9 (I): The shape of the spine has become more ’S-shaped’ and less ‘C-shaped'. [3 marks] 
 10.6.10 (J): The pelvis has become shorter and more bowl shaped. [3 marks] 
 10.6.11 (K): The carrying angle has increased. [2 marks] 
 10.6.12 (L): The leg length has increased relaKve to the arm length. [2 marks] 
 10.6.13 (M): The toes of the feet point more outwards. [3 marks] 
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11. The human fossil record as an example of a classifica2on scheme that is open to differing 
interpreta2ons that are contested, refined or replaced when challenged by new evidence, including 
evidence for interbreeding between Homo sapiens and Homo neanderthalensis and evidence of new 
puta2ve Homo species.*VCE BIOLOGY SD, p. 36* 

Some modern humans of European or Asian background carry about one to two percent of Neanderthal 
DNA. 

11.1 What does this indicate about the two species of H. neanderthalensis and H. sapiens? [1 mark] 
 
11.2 State one reason for the exKncKon of H. neanderthalensis. [1 mark] 

Consider the below three statements regarding hominin migraKon: 
1. Modern Europeans and Asians have between one and two percent of Neanderthal DNA. 
2. Modern Africans have close to zero Neanderthal DNA. 
3. Modern humans have no evidence of Neanderthal mtDNA. 

11.3.1 Explain how both statements 1 and 3 can be true. [3 marks] 
 
11.3.2 Explain the reasons for statement 2. [3 marks] 

New anthropomorphic (meaning human-like) skeletons were discovered under volcanic rock on the island 
of Indonesia. These skeletons are thought to belong to a separate species from the homo genus and are 
given a new species name: Homo florensiensis. 

11.4.1 What criteria must be saKsfied in order to determine that Homo florensiensis is a new undiscovered 
species? [2 marks] 

11.4.2 How does the evidence of Homo neaderthalensis and Homo sapiens interbreeding challenge this 
criteria? [2 marks] 

12. Ways of using fossil and DNA evidence (mtDNA and whole genomes) to explain the migra2on of 
modern human popula2ons around the world, including the migra2on of Aboriginal and Torres Strait 
Islander popula2ons and their connec2on to Country and Place.*VCE BIOLOGY SD, p. 36* 

12.1.1 IdenKfy one strength and one weakness of using fossil evidence to track migraKon of human 
populaKons around the world. [2 marks] 

12.1.2 IdenKfy one strength and one weakness of using mtDNA to track migraKon of human populaKons 
around the world. [2 marks] 

The 'Out of Africa' theory is a proposed explanaKon of how modern homo sapiens have evolved.  
 
12.2.1 Explain the main principles of the ‘Out of Africa’ theory of modern human migraKon. [2 marks] 

A scienKst claimed that “the greatest variaKon in mitochondrial DNA is found in African people compared to 
populaKons in other conKnents.” 

12.2.2 Explain whether or not the above claim supports or opposes the ‘Out of Africa’ theory. In your 
response, refer to geneKc driU. [4 marks] 

12.3 Explain the main principles of the ‘MulKregional’ theory of modern human migraKon. [2 marks] 

12.4 Outline one similarity and one difference between the ‘Out of Africa’ theory and the ‘MulKregional’ 
theory. [2 marks] 
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Two fossils of Aboriginal and Torres Strait Islanders were discovered - one on the coast of Sydney and one in 
Northern Territory. There are visible phenotypic differences between the skull shapes of both individuals 
discovered. ScienKsts would like to determine the extent of relatedness between the two individuals as this 
may help to determine migraKon paxerns.  

12.5 Explain why extracKng mtDNA from both fossils would be more useful in determining relatedness than 
extracKng nuclear DNA. [3 marks] 

Studies suggest that Homo denisovans are more closely related to Homo neanderthalensis than Homo 
Sapiens. 

12.6.1 Using the above informaKon, draw a phylogeneKc tree, including H. denisovans, H. neanderthalensis 
and H. sapiens. [2 marks] 

12.6.2 Suggest why Neanderthals and Denisovans are believed to have more features in common with each 
other than either species have in common with modern humans. [1 mark] 

There was evidence that Neanderthals created art in the form of etchings onto cave walls.  

12.7 Describe the significance of this finding with regards to cultural evoluKon. [1 mark] 

© JGJ Publishing
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Solu%ons: Unit 3 AOS 1 
 

1.1 Define the term ‘nucleic acid’. [1 mark] 

Extension notes:  
 

1.2 Draw a labelled diagram of a nucleo%de from a DNA molecule. [3 marks] 

Extension notes: 

 
1.3 What percentage of this DNA molecule is composed of cytosine bases? 

Extension notes: 

 

© JGJ Publishing

1 There are two types of nucleic acids you are required to know for the VCE Biology course - DNA 
(deoxyribonucleic acid) and RNA (ribonucleic acid).

1

1 It is important to note whether the nucleoKde needs to be drawn for a DNA or RNA molecule! If the 
quesKon specifies a RNA molecule, then the sugar molecule in the nucleoKde needs to be labelled as 
a ‘ribose sugar’ (as opposed to a 'deoxyribose sugar’).

1

2 A phosphodiester bond is formed between two adjacent nucleo%des in DNA, while hydrogen bonds 
are formed between nitrogenous bases of DNA; do not confuse these! The weaker hydrogen bonds 
allow DNA to be unwinded for replicaKon or transcripKon, while the stronger phosphodiester bonds 
ensure that the DNA does not degrade or fall apart during these processes.  

2

1 If 22% of the nitrogenous bases in a DNA molecule are adenine bases then, by complementary base pairing, 
22% of the nitrogenous bases in this DNA molecule must be thymine bases. Remember that DNA is 
compromised of adenine, thymine, guanine and cytosine. The rest of the DNA molecule must be made up 
of guanine and cytosine bases! Therefore, we perform some calculaKons: 

22% + 22% = 44% <— this is the percentage of the DNA molecule comprised of adenine and thymine! 

100% - 44% = 56% <— this is the percentage of the DNA molecule compromised of guanine and cytosine! 

This quesKon asks specifically about cytosine bases within this DNA molecule; therefore, to calculate the 
percentage of this DNA molecule composed of cytosine bases, we perform the calculaKon:  

56% ÷ 2 = 28%

1
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1.4 Use the table below to describe the cellular role played by the three forms of RNA in protein 
synthesis. [3 marks] 

 
Extension notes 

 
1.5 Outline three structural differences between DNA and RNA molecules. [3 marks]

© JGJ Publishing

1 It is important to dis%nguish between the three forms of RNA in pictorial form. See below:

mRNA tRNA rRNA

Form of RNA Func%on

mRNA

tRNA

rRNA



47

2.1 Iden%fy the two main stages of protein synthesis. [1 mark] 

  
2.2 Define the terms ‘transcrip%on’, ‘post-transcrip%onal modifica%ons’ and ‘transla%on’. In your 
response, iden%fy where these processes occur within a cell. [5 marks] 

2.3 Outline the difference between introns and exons. [2 marks]

Extension notes: 

2.4.1 Other than a lower rate of protein synthesis, suggest one reason why this pa%ent may be diagnosed 
with hypoproteinemia. [1 mark] 

© JGJ Publishing

1 An alternaKve explanaKon is that introns are transcribed but not translated whereas exons are 
transcribed and translated!

1
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2.4.2 Explain the consequence of a pa%ent having a low concentra%on of membrane-transport proteins. 
[2 marks] 

 
2.4.3 Describe the main steps of the first stage of synthesis of a membrane-transport protein. [3 marks] 

Extension notes: 

© JGJ Publishing

1

1 Below is a labelled diagram of the steps of transcripKon - it is important to visualise this process as 
this will help to improve your understanding of the content.

2 For quesKons that require a step-by-step outline of a specific process, consider using numbers like this 
in order to present the informaKon more succinctly.

3 Note that RNA polymerase will "read" the DNA template strand in a 3’ to 5’ direcKon and synthesise a 
complementary pre-mRNA strand in a 5' to 3' direcKon. RNA polymerase reads up (3’ to 5’) and 
makes down (5’ to 3’)!

4 The product of transcripKon is pre-mRNA and NOT mRNA!

2

3

4
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2.4.4 Explain the purpose of adding a poly-A tail and methyl cap to a pre-mRNA molecule. [2 marks] 

 

2.4.5 Describe the main steps of the second stage of synthesis of a membrane-transport protein. [3 
marks] 

Extension notes: 

 
2.5.1 RNA polymerase. [2 marks] 

© JGJ Publishing

1 The labelled diagram below presents the steps of translaKon - it is important to visualise this process 
as this will help to improve your understanding of the content.

1
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2.5.2 DNA template strand. [2 marks] 

 
2.6.1 Ribosome. [2 marks] 

 
2.6.2 tRNA. [2 marks] 

 
2.7.1 Explain why this sequence of DNA codes for 5 amino acids rather than 15 amino acids. [2 marks] 

 

2.7.2 Outline the purpose of DNA having a 3’ and 5’ end. [1 mark] 

Extension notes: 

© JGJ Publishing

1 The 3’ and 5’ ends refer to the 3rd and 5th carbon of the pentose sugar respecKvely (see diagram below). 
Enzymes can only catalyse reacKons in one specific orienta%on; RNA polymerase can only 'read' DNA in a 
3’ to 5' direcKon and ‘synthesise' DNA in a 5' to 3’ direcKon. 

1
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3.1 Define the term ‘gene’. [1 mark] 

 
3.2 Dis%nguish between the term ‘introns’ and ‘exons'. [2 marks] 

\\\\
\\\

 
3.3 Outline the func%on of the ‘promoter region’ of a gene. [1 mark] 

 
3.4 Outline the func%on of the ‘operator region’ of a gene. [1 mark] 

 

4.1 Describe the purpose of gene regula%on. [1 mark] 

Extension notes: 

 
4.2 Outline the purpose of the trp operon. [1 mark] 

© JGJ Publishing

1 Note that gene regulaKon has two purposes:  
1. to prevent excessive gene expression —> this is to converse energy and Kme 
2. to prevent reduced gene expression —> this is to ensure there is a sufficient proteins available for 

cellular processes

1
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4.3 Explain how the trp operon operates when there is a low concentra%on of tryptophan present. [3 
marks]  

Extension notes: 

 

4.4 Explain how the trp operon operates when there is a high concentra%on of tryptophan present. [3 
marks] 

Extension notes: 

© JGJ Publishing

1 Below is a labelled diagram displaying how the trp operon operates when there is a low concentraKon 
of tryptophan present:

1

1 Below is a labelled diagram displaying how the trp operon operates when there is a high concentraKon 
of tryptophan present:

1
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4.5.1 RNA Polymerase. [2 marks] 

 
4.5.2 Operator. [2 marks] 

 
4.5.3 Inhibitory Transcrip%on Factor. [2 marks] 

 

5.1 Define the term ‘condensa%on polymerisa%on’. [1 mark] 

Extension notes: 

© JGJ Publishing

1 Please note that condensaKon polymerisaKon does not just apply to polypepKde chain formaKon but 
other polymers such as: 
• Nucleic acids 
• Carbohydrates 
• Lipids
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5.2 Complete the following worded equa%on: 

Alanine + Glycine —> DipepKde + __________. [1 mark] 

Extension notes: 

 
5.3 Explain how this may be the case. [2 marks] 

5.4 Explain the main steps involved in the forma%on of a dipep%de by condensa%on polymerisa%on. [3 
marks] 

Extension notes: 

 

6.1 Define the term ‘proteome’. [1 mark]  

© JGJ Publishing

1 Remember that, when monomers are joined together to form a larger molecule (polymer), water is 
released at the site of bonding. 

1 Below is a labelled diagram of how dipepKdes are formed by condensaKon polymerisaKon:
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6.2 Dis%nguish between the genome and the proteome of a cell. [3 marks] 

  

6.3 Explain why proteins are generally studied collec%vely rather than in isola%on. [2 marks] 

Extension notes: 

 
6.4 Iden%fy whether the proteome or human genome is larger. Explain your choice. [3 marks] 

Extension notes: 

© JGJ Publishing

1 For example, proteins in the electron transport chain, called cytochromes, rely on each other to 
transfer hydrogen ions across the cristae.

1

1 From an evoluKonary perspecKve, alterna%ve splicing can increase the phenotypic varia%on within a 
species over Kme. 

2 Increasing the proteome diversity helps to overcome the lack of proporKonality between genome size 
and cell complexity —> put more simply, a cell is very is complex and requires many complex 
processes and the diversity of the promote allows it to compensate for the propor%onally small 
genome size. 

1

2
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6.5 Use the spaces provided to define each level of protein structure and outline the bonding present. [4 
marks] 

7.1 Complete the table below, explaining the func%on of the following organelles involved in protein 
exporta%on. [4 marks] 

Extension notes: 

© JGJ Publishing

Organelle Organelle Func%on

Ribosomes

Rough 

Endoplasmic 

ReKculum

Golgi Body

Secretory 

Vesicle

1 It is important to be able to disKnguish between smooth endoplasmic reKculum and rough 
endoplasmic reKculum - smooth endoplasmic reKculum is responsible for the synthesis of lipids 
whereas, the rough endoplasmic reKculum is responsible for protein synthesis (including the 
subsequent folding and transport of the polypepKde chain to the golgi body).

1

Level of Protein 
Structure

Defini%on Bonding Present

Primary

Secondary

TerKary

Quaternary
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7.2 Outline the func%onal difference between free cellular ribosomes and ribosomes studded on the 
rough endoplasmic re%culum. [2 marks] 

 

8.1 Outline the general func%on of endonucleases. [1 mark] 

 

8.2 Outline the general func%on of ligases. [1 mark]

8.3 Outline the general func%on of polymerases. [1 mark] 

 

9.1 What does the term ‘CRISPR’ in CRISPR-Cas9 stand for? [1 mark] 
 

9.2 Explain the func%on of the CRISPR-Cas9 system in bacteria. [2 marks] 

Extension notes: 

© JGJ Publishing

1 The CRISPR-Cas9 naturally exists in specific bacteria, but is conKnually being adapted to treat 
condiKons in humans, such as cancer and heart disease. 

2 ScienKsts exploit the specificity of the CRISPR-Cas9 system to edit ‘faulty’ genes within humans.

3 Note that the use of CRISPR-Cas9 technology in humans bear many intrinsic ethical issues because it 
involves permanently edi%ng the human genome. 

1

2

3

1

2
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9.3 Explain how the CRISPR-Cas9 system in bacteria acts to develop immunological memory and respond 
to viruses that they have been previously exposed to. [5 marks] 

Extension notes: 

 

© JGJ Publishing

1 It is important to menKon that, when the bacteria is exposed to a virus (such as a bacteriophage) for 
the first Kme, it has no immunological memory to it. It is only AFTER exposure to this virus the first 
Kme that it will develop immunological memory! This is why it is important to menKon that the 
bacteria is re-exposed to the same virus to answer the second part of this quesKon (which refers to 
how the bacteria will respond to the virus)!

2 Below is a labelled diagram of this process:

Bacterial 
DNA

Viral ‘spacer’ DNA 
incorporated into 
bacterial cell DNA

TranscripKon of viral 
spacer DNA into 

crRNA crRNA

crRNA binds to 
cas9 enzyme

cas9-crRNA 
complex Bacteria is re-

exposed to the same 
virus

cas9-crRNA 
complex cleaves 

viral DNA sequence 
which is 

complementary to 
crRNA

Double-
stranded DNA break is induced

Note that viruses are non-
living and require the host 

cell to survive. 

Viral  
DNA

1
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9.4.1 Iden%fy and define the level of protein structure of haemoglobin. [2 marks] 

9.4.2 Using your own understanding and the informa%on above, explain how CRISPR-Cas9 technology can 
be used to replace the defec%ve β-globin gene. [4 marks]  

Extension notes: 

 

 

9.4.3 Explain one advantage and one disadvantage of using CRISPR-Cas9 technology to treat sickle cell 
anaemia. [4 marks] 

© JGJ Publishing

1 Below is a labelled diagram of this process:

sgRNA is prepared 
which is 

complementary to the 
target DNA sequence

cas9 enzyme
cas9-sgRNA 

complex
sgRNA

Target DNA 
sequence

complex cleaves target 
DNA sequence

target DNA 
sequence is 

deleted

non-funcKonal 
gene is replaced 
with a funcKonal 

one
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10.1.1 Describe the purpose of the polymerase chain reac%on. [1 mark] 

 

10.1.2 Describe the steps of the polymerase chain reac%on. [4 marks] 

Extension notes: 

 
© JGJ Publishing

1 The diagram below demonstrates the process of polymerase chain reacKon:

1

2 Many students oUen forget the fourth step and that is that the polymerase chain reacKon process is 
repeated! To calculate the total number of DNA molecules produced by undergoing the polymerase 
chain reacKon process, use the formula 2n where n is the number of cycles repeated. For example, if 
the cycle is repeated 3 Kmes, then we will have a total of 23 DNA molecules (which is 8 DNA 
molecules).

3 Recall that Taq polymerase is naturally synthesised in bacteria and is resistant to heat (thermostable). 

Thereby, it is able to assemble complementary daughter strands despite the high temperature of 72ºC.

3

2
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10.1.3 State two applica%ons where the polymerase chain reac%on can be used. [2 marks] 

 
10.2 Explain the above statement. [2 marks] 

10.3 Complete the table below, explaining the func%on of the following components involved in the 
polymerase chain reac%on. [4 marks] 

 
© JGJ Publishing

Components Func%on

NucleoKdes

Taq 

Polymerase

Primers

DNA Sample
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10.4.1 Describe the purpose of gel electrophoresis. [1 mark]

10.4.2 Iden%fy one molecule, other than DNA fragments, that can be separated through gel 
electrophoresis. [1 mark]  

 
10.5 Explain why DNA molecules are nega%vely charged. [2 marks] 

Extension notes: 

 
© JGJ Publishing

1 Below is a diagram of a nucleoKde with an annotated phosphate group:

1
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10.6 Explain the main steps of the process of gel electrophoresis. [5 marks] 

Extension notes:  

© JGJ Publishing

1 The aim of gel electrophoresis is to separate macromolecules, specifically DNA, based on their rate of 
movement through a gel under the influence of electric charge. 

2 DNA is negaKvely charged due to the presence of phosphate groups; therefore, the DNA fragments 
migrate towards the posiKve end (anode).

3 Components in gel electrophoresis are separated based on the number of DNA nucleoKdes in the 
fragment (equivalent to the size of the DNA fragment) - larger fragments are slowed by resistance and 
move slower through the gel. 

1

2

3
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10.7 Complete the table below, describing the func%on of the following features involved in the process 
of gel electrophoresis. [6 marks]

© JGJ Publishing

Feature Func%on

Buffer 

SoluKon

Wells

Terminals

Dye

Current 

(power)

DNA 

Ladder

RestricKon 

Enzymes
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11.1 Define the term ‘gene cloning’. [1 mark] 

 
11.2 Describe the structure and func%on of plasmids. [2 marks] 

11.3 Describe the process of bacterial transforma%on and outline how transformed bacteria are 
iden%fied.  [4 marks] 

Extension notes: 

© JGJ Publishing

1 One applica%on of this process is the produc%on of human insulin for paKents with type 1 diabetes. 
Type 1 diabetes is a condiKon in which paKents are unable to produce insulin, which is responsible for 
the uptake of glucose into cells. The absence of insulin means that blood glucose levels will rise, 
leading to symptoms like increased thirst! 

Bacterial transformaKon can be used to produce insulin, which can then be regularly injected into 
paKents with type 1 diabetes to treat symptoms.

1
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12.1 Dis%nguish between ‘gene%cally modified organisms’ and ‘transgenic organisms’. [3 marks] 

Extension notes: 

12.2 Explain two benefits, one agricultural and one immunological, of the gene%c modifica%on of 
organisms. [4 marks] 

Extension notes: 

© JGJ Publishing

1 All transgenic organisms are also geneKcally modified organisms, as the inserKon of geneKc material is 
an example of altering the genome. 

2 It is important to disKnguish between arKficially selected organisms and geneKcally modified 
organisms. ArKficial selecKon selects phenotypes by encouraging promoKon of an organism that 
already exists with the phenotype, whereas geneKc modificaKon selects phenotypes by altering the 
genome of the organism that would otherwise not express the desired phenotype. 

1

2

1 AlternaKve agricultural benefits include: 
• Increased crop yield: geneKcally modified organisms are able to select for qualiKes that tolerate 

specific condiKons bexer. 
• Reduced costs for crop produc%on: less money is required to be spent to use pesKcides for plants. 
• Reduced need for pes%cides: this reduces any damage caused by harmful pesKcides that are 

released into the environment.  
• Higher food security: increased crop yield with bexer quality and nutriKon can provide more 

reassurance to communiKes where food is harder to grow.
2 AlternaKve immunological benefits include: 

• Reduced costs for healthcare: edible vaccines will create a more accessible method of being 
vaccinated that does not require the producKon of expensive equipment. 

• Reduced rates of malaria: geneKcally modified mosquitoes contain proteins which disrupt the life 
cycle of plasmodium, the malaria parasite and can ease the healthcare burden caused by malaria. 

2

1
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12.3 Complete the table below, explaining the social implica%ons of the use of gene%cally modified 
organisms. [6 marks] 

12.4 Complete the table below, explaining the biological implica%ons of the use of gene%cally modified 
organisms. [6 marks] 

© JGJ Publishing

Implica%on Explana%on

PesKcides may 

affect food webs.

Loss of 

biodiversity.

GeneKcally 

modified animals 

may compete 

with natural 

populaKons.

Implica%on Explana%on

Social inequality 

is created.

MalnutriKon can 

be solved.

Human self-

interest is 

prioriKsed over 

the ethical 

treatment of 

organisms. 
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12.5 Complete the table below, explaining the ethical implica%ons of the use of gene%cally modified 
organisms. [6 marks] 

© JGJ Publishing

Implica%on Explana%on

ViolaKon of 

animal rights.

Inappropriate 

intervening of 

evoluKon.

Costs for farmers 

increases. 
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Solu%ons: Unit 3 AOS 2 
 
1.1.1 Define the term photosynthesis. [1 mark] 

 
1.1.2 Explain the importance of photosynthesis. [3 marks] 

Extension notes: 

 
1.1.3 Write the chemical equa%on for photosynthesis. [1 mark] 

 
1.1.4 Write the worded equa%on for photosynthesis. [1 mark] 

 
1.2.1 Define the term cellular respira%on. [1 mark] 

© JGJ Publishing

Photosynthesis produces glucose, which funcKons as a fuel source in plants, just as it funcKons as a 
fuel source in animals. 

1

The primary purpose of photosynthesis is to produce glucose for the plant - oxygen is just a by-
product that is released in the process. 

2

Photosynthesis should occur at a faster rate than cellular respiraKon - this is so that the plants have 
reserves of stored energy in case of high-demand metabolic acKviKes —> this can be likened to 
humans having a greater income stream compared to expenses, with a financial reserve in case of 
emergency situaKons (like a pandemic!).

3

1

2

3
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1.2.2 Explain the importance of cellular respira%on. [2 marks] 

 
1.2.3 Write the chemical equa%on for cellular respira%on. [1 mark] 

 
1.2.4 Write the worded equa%on for cellular respira%on. [1 mark] 
 

2.1 Define the term ‘enzyme’. [2 marks] 

Extension notes:  

 
2.2 Outline what is meant by the terms ‘biological’ and ‘catalyst’ in the term biological catalyst. [2 marks] 

 
2.3 Define the term ‘ac%va%on energy’. [1 mark] 

 

© JGJ Publishing

Two points must be made in your response in order to receive full marks: 
• that enzymes increase the rate of chemical reacKons 
• that enzymes act to lower the ac%va%on energy of reacKons

1

1
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2.4 Iden%fy two enzymes in the human body and outline their purpose. [3 marks] 

 
2.5 Outline how the structure of an enzyme’s ac%ve site suits its func%on. [2 marks] 

Extension notes: 

 
2.6 Suggest two reasons for this. [2 marks] 

© JGJ Publishing

The ac%ve site of an enzyme is part of its ter%ary structure and allows the polypepKde chain to be a 
func%oning protein. Anything that disrupts the bonds in the terKary structure can cause the acKve site 
to undergo a change in shape and consequently, lose its biological funcKon. 

1

1
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2.7.1 Draw a labelled diagram of the ac%on of catalase using the lock and key model of enzyme ac%on. [3 
marks] 

Extension notes: 

2.7.2 Draw a labelled diagram of the ac%on of catalase using the induced fit model of enzyme ac%on. [3 
marks] 

Extension notes: 

© JGJ Publishing

Note that the acKve site shape remains unchanged before and aUer catalysis occurs. 1

The binding of the substrate to the enzyme causes temporary bonds to form between the enzyme-
substrate complex, which acts to ‘loosen' and weaken the bonds within the substrate. Thereby, reducing 
the acKvaKon energy of the reacKon.

2

1

1

2

The change in shape of the acKve site is a conformaKonal change, caused by the substrate binding to the 
acKve site. This change in shape serves to improve binding to the substrate molecule. 

1

1

Note that the acKve site reverts back to its original shape despite iniKally changing shape to 
accommodate the shape of the substrate.

2

2

2
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2.8 Explain the difference between coenzymes and cofactors. [3 marks] 

 

2.9 Dis%nguish between the ‘unloaded’ and ‘loaded’ form of a coenzyme. [2 marks] 

Extension notes: 

 
2.10.1 Explain the func%on of the coenzyme ATP. [2 marks] 

 
2.10.2 Explain the func%on of the coenzyme NADH. [2 marks] 

 

© JGJ Publishing

Examples of loaded forms of coenzymes include: NADH, NADPH and ATP 

Examples of unloaded forms of coenzymes include: NAD+, NADP+, ADP

1

1
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2.10.3 Explain the func%on of the coenzyme NADPH. [2 marks] 

2.11 Outline one similarity and one difference between NADPH and NADH. [2 marks] 

 

3.1 Explain the importance of kine%c energy in enzyme-catalysed reac%ons. [2 marks] 

Extension notes: 

 
3.2.1 Define the term ‘inhibitor’. [1 mark]  

© JGJ Publishing

Temperature is propor%onal to kineKc energy. This means that an increase in temperature will increase 
the kineKc energy acquired by parKcles.

1

1
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3.2.2 Explain the mode of ac%on of compe%%ve inhibitors. Draw a labelled diagram to support your 
response. [4 marks] 

© JGJ Publishing
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3.2.3 Explain the mode of ac%on of non-compe%%ve inhibitors. Draw a labelled diagram to support your 
response. [4 marks] 

© JGJ Publishing
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3.3 Design an experiment to determine if the inhibitor in the solu%on is X or Y. [5 marks] 

© JGJ Publishing



78

3.4 Iden%fy three factors, other than the ac%on of inhibitors, that can have an effect on enzyme ac%vity. 
[1 mark] 

 

3.5.1 Iden%fy the temperature at which lipase ac%vity was most op%mal. Explain your choice using data 
from the above table. [3 marks] 

Extension notes: 

3.5.2 Using your understanding of enzyme structure and func%on, explain the data obtained at 50ºC. [3 
marks] 

Extension notes: 

© JGJ Publishing

This is a two-part ques%on - you should first iden%fy the temperature and then give an explana%on! 1

Note that this quesKon doesn’t require you to give a biological explanaKon, but rather a jus%fica%on of 
what temperature is the most opKmal for lipase acKvity based on the data. 

2

1

2

Reference to the shape of the enzyme ac%ve site must be made when explaining denaturaKon. 1

1
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3.5.3 Explain how recording the pH of the milk solu%on before and aQer adding the lipase solu%on can be 
used to determine the rate of lipase ac%vity in this experiment. [3 marks] 

Extension notes: 

3.6.1 Explain what the ascending and descending por%ons of the graph above reflects in terms of amylase 
ac%vity. [4 marks] 

Extension notes: 

© JGJ Publishing

When explaining the enzyme acKvity-temperature graph, it is important to make the link between 
temperature and its effect on the structure of the enzyme - this can be accomplished by making 
reference to key enzyme concepts such as the enzyme ‘acKve site’.  

1

It is important to remember that low temperatures do not result in enzyme denaturaKon - low 
temperatures only act to slow down the molecules (enzyme and substrate parKcles) involved in the 
reacKon. This will result in a decrease in enzyme acKvity due to the lack of kineKc energy acquired by 
parKcles. 

2

1

2

Faxy acids have a high concentra%on of H+ ions (they are acidic). So, if the concentraKon of faxy acids 
in the soluKon increases, then the concentraKon of H+ ions will also increase and the pH will decrease 
as a result. Note that a decrease in the concentraKon of H+ ions leads to the pH increasing (becoming 
more alkaline). 

1

1
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3.6.2 Describe the term ‘denatura%on’ with reference to enzyme structure. [2 marks] 

Extension notes: 

3.6.3 Explain why the primary structure of amylase is unaffected by denatura%on whereas the ter%ary 
structure is. [3 marks] 

Extension notes: 

© JGJ Publishing

OUen, aUer denaturaKon, coagulaKon occurs as the remaining forces in the polypepKde chain sKll 
axract each other. 

1

A visible example of denaturaKon is cooking an egg. As an egg is subject to high temperatures, it is 
cooked, causing denaturaKon of the protein inside the egg. The egg goes from translucent to opaque as 
it denatures and coagulates, forming the spongy and relaKvely hard texture. An egg cannot be uncooked 
once it is cooked, a testament to the irreversibility of denaturaKon.

2

1

2

Covalent bonds are strong because…1
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3.7 Explain what the ascending and descending por%ons of the graph above reflects in terms of catalase 
ac%vity. [3 marks] 

Extension notes: 

 

3.8.1 Explain the results of the graph from 0-20 seconds. [3 marks] 

Extension notes: 

© JGJ Publishing

Not only do extreme changes in temperature affect enzyme acKvity, but changes in pH too.1

1

For quesKons where you are asked to explain the results for a specific Kme frame (eg. 0-20 seconds), 
make sure to double-check that you are wriKng about the correct Kme frame! 

1

1
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3.8.2 Explain the results of the graph from 20 seconds. [3 marks] 

Extension notes: 

 
3.9.1 Explain the results of the graph from 0-30 seconds. [3 marks] 

Extension notes: 

 
3.9.2 Explain the results of the graph from 30 seconds onwards. [3 marks] 

 

© JGJ Publishing

The satura%on of enzyme acKve sites is a key point that must be made in your response!1

1

This means that all enzyme ac%ve sites are bound to substrate molecules (none are available)!2

2

Note that, from 20 seconds onwards, the rate of reacKon is at its maximum and is constant.3

3

You should use brackets to indirectly idenKfy what the enzyme and substrate is for this reacKon!1

1

1
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4.1 Iden%fy the two stages of photosynthesis and where each stage occurs. [2 marks] 

 

4.2 Explain the steps of the light-dependent stage of photosynthesis. [3 marks] 

Extension notes: 
 

4.3 Explain the steps of the light-independent stage of photosynthesis. [3 marks] 

Extension notes: 

© JGJ Publishing

The inputs of the light-dependent stage include: water, NADP+, ADP and Pi. The outputs of the light-
dependent stage include: oxygen, NADPH and ATP. 

1

1

The inputs of the light-independent stage include: carbon dioxide, NADPH and ATP. The outputs of the 
light-independent stage include: glucose, NADP+, ADP and Pi. 

1

1
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4.1.1 Complete the above chemical equa%on by wri%ng the correct input in the empty space. [1 mark] 

 
4.1.2 Explain the func%on of Rubisco in photosynthesis. [2 marks] 

4.1.3 Iden%fy whether Rubisco is involved in the light-dependent or light-independent stage of 
photosynthesis. [1 mark] 

 
4.1.4 Iden%fy where Rubisco is found in a cell. [1 mark] 

4.1.5 Describe the main steps of the first stage of Rubisco synthesis. [3 marks] 

Extension notes: 

 
4.2.1 Define the term ‘photorespira%on’. [1 mark] 

© JGJ Publishing

               (g)  + RuBP —————---------------------------> 3GP(aq)
Rubisco

1 Remember that Rubisco is a protein and therefore, will be synthesised via the processes of 
transcripKon and translaKon. 

1
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4.2.2 Describe one consequence of a C3 plant engaging in photorespira%on. [2 marks] 

Extension notes: 

 

4.2.3 Explain how C4 plants avoid engaging in photorespira%on. [3 marks] 

Extension notes: 

© JGJ Publishing

It is important to understand, at a biological level, why this occurs. If the weather is hot and dry, the 
stomatal openings of plants will close in order to reduce water loss (conserve water). However, the 
closure of these stomates results in the concentraKon of CO2(g) decreasing in the leaves, as this gas 
normally enters the  plants via these surface openings. Consequently, the concentraKon of O2(g) (which is 
a by-product of the light-dependent reacKon) inside the plant increases. Thereby, increasing the rate of 
photorespiraKon.  

1

1

Mesophyll cell Bundle sheath cell

CO2(g) C4 CO2(g)
Calvin 
cycle

PGAL

Four-carbon 
compound is 

transported into the 
bundle sheath cell.

Converted into 
organic molecules 

like glucose.

Below is a diagram represenKng the fixaKon of carbon dioxide in C4 plants:1

1
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4.2.4 Explain how CAM plants avoid engaging in photorespira%on. [3 marks] 

Extension notes: 

© JGJ Publishing

Mesophyll cell

CO2(g) C4 CO2(g)
Calvin 
cycle

PGAL

Four-carbon 
compound is 

transported into and 
stored in vacuoles.

Converted into 
organic 

molecules like 
glucose.

NIGHT DAY

Below is a diagram represenKng the fixaKon of carbon dioxide in CAM plants:1

The difference between C4 and CAM plants is that, whilst C4 plants parKKon photosyntheKc 
reacKons by cellular locaKon (between mesophyll cells and bundle sheath cells), CAM plants 
parKKon photosyntheKc reacKons by the Kme of day (day and night).

2

1

2

The primary reason why the light-dependent and light-independent stage is separated is to 
conserve water. This adaptaKon allows CAM plants to live in hot, dry and arid regions of the world. 

3

3

1 Remember that plants do this to reduce water loss.

1
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4.3.1 Outline why the stomata of a C3 plant remains closed during hot condi%ons and explain the 
consequences of this on the efficiency of photosynthesis. [3 marks] 

4.3.2 Explain how this is the case. [3 marks] 

Extension notes: 

5.4 Iden%fy whether E. balsamifera is a C3, C4 or CAM plant and outline how these two stages of 
photosynthesis are ‘separated’. [2 marks] 

© JGJ Publishing
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5.5.1 Iden%fy one example of a C4 plant, other than corn. [1 mark] 

5.5.3 In regards to corn, iden%fy which cell type the light-dependent stage occurs and in which cell type 
the light-independent stage occurs. [2 marks] 

5.5.4 Explain the purpose of separa%ng the light-dependent and light-independent stage by cellular 
loca%on as seen in C4 plants. [3 marks] 

© JGJ Publishing
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5.6.1 Draw a labelled diagram explaining the mode of ac%on of oxygen as a compe%%ve inhibitor of 
Rubisco. [3 marks] 

Extension notes: 

 
5.7 Explain the results of the data above. [2 marks] 

Extension notes: 

© JGJ Publishing

Please see quesKon 3.2.2 for revision on the acKon and effect of compeKKve inhibitors. 1

1

This can lead to photorespiraKon, whereby the rate of photosynthesis is reduced (as carbon fixaKon 
does not occur).

2

2

Remember that this oxygen gas is a product of the light-dependent reacKon.1

1
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6.1 Define the term ‘limi%ng factor. [1 mark] 

 
6.2.1 Explain the results of the experiment at point A of the above graph. [3 marks] 

Extension notes: 

 
6.2.2 Explain the results of the experiment at point B of the above graph. [3 marks] 

© JGJ Publishing

1

Remember that a successful collision requires molecules to collide at the correct orienta%on with a 
sufficient amount of energy to break chemical bonds in the reactants.

1
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6.2.3 Explain the results of the experiment at point C of the above graph. [3 marks] 

Extension notes: 

 

6.3 Iden%fy whether the leaf in test tube 1 or test tube 2 will test posi%ve for starch. Jus%fy your choice. 
[3 marks] 

Extension notes: 

6.4.1 Explain the results from of the experiment from point A onwards. [3 marks] 

© JGJ Publishing

Remember that carbon dioxide gas is an input of the light-independent stage of photosynthesis. Hence, 
if CO2 is absorbed (as is the case in test tube 1), the Calvin Cycle will not occur - this results in glucose 
being absent.  

1

1

This means that there will be reduced successful collisions between enzyme and substrate molecules 
(decreased enzyme-substrate complex formaKon).

1

1
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6.4.2 Explain why the rate of photosynthesis is zero when there is no carbon dioxide available. [2 marks] 

Extension notes: 

6.5 Explain the rela%onship between water availability and the rate of photosynthesis. [3 marks] 

Extension notes: 

© JGJ Publishing

Carbon dioxide gas is an input of the light-independent stage of photosynthesis. Therefore, when no 
carbon dioxide is available, the light-independent stage will not occur.

1

1

For all rela%onship quesKons, you must first state WHAT the relaKonship is before EXPLAINING why and 
how the relaKonships exists!

1

1

To explain the relaKonship, you could outline the effect on photosynthesis when water is present and 
absent. 

2

2

2
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6.6 Explain the rela%onship between light intensity and the rate of photosynthesis. [3 marks] 

Extension notes: 

7.1 Define the term ‘glycolysis’. [1 mark] 

 
7.2 Iden%fy the inputs and outputs of glycolysis. [2 marks] 

© JGJ Publishing

For all rela%onship quesKons, you must first state WHAT the relaKonship is before EXPLAINING why and 
how the relaKonships exists!

1

1
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7.3 Explain why glucose is broken down via a series of reac%ons rather than a single-step reac%on. [3 
marks] 

Extension notes: 

 
7.4 Iden%fy the inputs and outputs of the Krebs Cycle. [2 marks] 

 
7.5.1 Iden%fy the inputs and outputs of the Electron Transport Chain. [2 marks] 

 
7.5.2 Describe the main steps of the Electron Transport Chain. [3 marks] 

Extension notes: 

© JGJ Publishing

Recall that the coenzymes NADH and FADH2 are loaded from NAD and FAD at the Krebs Cycle for use in 
the electron transport chain, where they are unloaded and returned to the Krebs Cycle for recycling.  

1

1

Glucose is composed of 6 carbon atoms. Breaking down glucose in a single step will result in energy 
being lost (inefficient harnessing of energy). Therefore, breaking down glucose in a series of reacKons 
(such as one carbon at a Kme) will result in more efficient harnessing of energy!

1

1



95

8.1 Define the term ‘anaerobic fermenta%on’. [1 mark] 

8.2 Explain two reasons why anaerobic respira%on is a less efficient process than aerobic respira%on. [2 
marks] 

 
8.3 Iden%fy the cellular loca%on of anaerobic fermenta%on in animals and yeasts. [2 marks] 

 
8.4 Iden%fy the inputs and outputs of anaerobic fermenta%on in animals. [2 marks] 

 
8.5 Iden%fy the inputs and outputs of anaerobic fermenta%on in yeasts. [2 marks] 

 
8.6 Describe one applica%on of anaerobic fermenta%on. [2 marks] 

© JGJ Publishing
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9.1.1 Explain the results of the experiment at point A of the above graph. [3 marks] 

Extension notes: 

 
9.1.2 Explain the results of the experiment at point B of the above graph. [3 marks] 

Extension notes: 

 
9.1.3 Explain the results of the experiment at point C of the above graph. [3 marks] 

© JGJ Publishing

Note that the explanaKon of results is largely the same for photosyntheKc and cellular respiraKon 
experiments. Most independent variables in these experiments (such as temperature) will affect enzyme 
structure and hence, func%on.  

1

1

Specific examples of substrates and enzymes have been included by us to elevate our response.  1

1
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9.2 Explain the rela%onship between glucose availability and the rate of cellular respira%on. [3 marks]

Extension notes:

9.3 Explain the rela%onship between oxygen availability and the rate of aerobic respira%on. [3 marks]

© JGJ Publishing

You should explain the effect of glucose being both present and absent! 1

1

1



98

10.1 Outline one bio%c and one abio%c stressor which plants can possess tolerance against if CRISPR-Cas9 
technology is used to modify the plant genome. [2 marks] 

 

10.2 Explain one advantage of using CRISPR-Cas9 technology to produce virally-resistant plants. [2 marks] 

Extension notes: 

10.3 Based on the above informa%on and using your own knowledge, outline two way in which CRISPR-
Cas9 technology can be used to control plant viruses. [2 marks] 

© JGJ Publishing

Another advantage is that this technology can reduce expenses for farmers associated with discarding of 
poor quality crops. This is an economic advantage. 

1

InteresKngly, plant viruses can disrupt the synthesis of gibberellin: a plant hormone that regulates plant 
growth. InfecKon by a plant virus can lead to reduced expression of gibberellin, which can lead to plant 
dwarfing. 

2

1

2
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11.1 Define the term 'biomass'. [1 mark] 

 
11.2 Define the term ‘biofuel’. [1 mark] 

 
11.3 Explain whether biofuels are renewable or non-renewable resources. [2 marks]  

 

11.4 Iden%fy one type of biofuel. Explain how it is produced and its environmental benefits. [3 marks] 

Extension notes: 

© JGJ Publishing

Note that, although biofuels have their advantages, they are disadvantageous in two primary ways: 
 1. They have a relaKvely low energy content. 
 2. The producKon of biofuels oUen requires habitat clearly (which can potenKally strain   
 the producKon of crops for food)

1

1
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Solu%ons: Unit 4 AOS 1 
 

1.1 Define the term ‘pathogen’. [1 mark] 

 
1.2 Explain how pathogens cause disease. [2 marks] 

Extension notes:

 
1.3 Outline two differences between plant and animal immune systems to prevent pathogenic infec%on. 

Extension notes: 

1.4.1 Describe two physical barriers that would protect the human body from an invading pathogen. [2 
marks] 

Extension notes: 

© JGJ Publishing

1 Damage to the body cells can result in disease due to disrupKon of homeostasis.

1

Ensure that when menKoning skin as part of the innate immune system in humans that you write "intact 
skin" as opposed to only “skin” - this is because broken skin does not protect the body from invading 
pathogens.  

1

1

1 The absence of immune cells means that immunological memory cannot be developed in response to 
specific pathogens.

1
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1.4.2 Describe two chemical barriers that would protect the human body from an invading pathogen. [2 
marks] 

Extension notes: 

1.4.3 Describe two microbiological barriers that would protect the human body from an invading 
pathogen. [2 marks] 

1.5.1 Describe two physical barriers that could be present in a plant that would protect itself from an 
invading pathogen. [2 marks] 

1.5.2 Describe two chemical barriers that could be present in a plant that would protect itself from an 
invading pathogen. [2 marks] 

© JGJ Publishing

Another chemical barrier is the producKon of toxic chemicals by phytoalexins that inhibit pathogenic 
growth. 

1

1
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1.5.3 Describe two microbiological barriers that could be present in a plant that would protect itself from 
an invading pathogen. [2 marks] 

 
2.1 Iden%fy two an%gen presen%ng cells. [2 marks] 

Extension notes:

 

2.2 Draw a labelled diagram of the steps involved in phagocytosis. [3 marks]  

Extension notes: 

2.3.1 Iden%fy whether the Influenza virus is a cellular or non-cellular pathogen. Explain your choice. [2 
marks]

© JGJ Publishing

1 Another anKgen presenKng cell is B cells. Note that anKgen presenKng cells will display fragments of a 
pathogen’s anKgens on their MHC 2 markers and present these to specific naive B cells - these cells 
have B cell receptors that will be specific to the anKgenic fragments being presented. 

1

1 Note that exocytosis of the bacterial debris is not required to be drawn!
2 For all diagram-related quesKons, make sure to keep the following Kps in mind: 

1. Make sure your diagrams are big! 
2. Double check the quesKon to see if you are required to label a specific feature in your diagram! 
3. Draw your diagrams in pencil in case you make an error! 

12
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2.3.1 Describe how natural killer cells would protect Sam once the Influenza virus has gained entry to the 
internal environment. [2 marks] 

Extension notes: 

2.3.2 Describe how complement proteins would protect Sam once the Influenza virus has gained entry to 
the internal environment. [2 marks]

Extension notes: 

2.3.3 Describe how neutrophils would protect Sam once the Influenza virus has gained entry to the 
internal environment. [2 marks] 

Extension notes: 

2.3.4 Describe how interferons would protect Sam once the Influenza virus has gained entry to the 
internal environment. [2 marks] 

© JGJ Publishing

1 NK cell acKon prevents further replica%on of viruses through by lysing virally-infecKng cells. Thereby, 
containing its spread throughout the body. 

1

1 The human body has approximately 20 complement proteins! Anther mode of acKon is causing lysis of 
pathogens by membrane avack complexes.

1

1 Neutrophils can be found surrounding blood vessels. They have a flexible cell membrane which allows 
them to squeeze through the cells lining these blood vessels!

1
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2.3.5 Explain why Sam is more suscep%ble to being infected by other invading pathogens now that he has 
been diagnosed with the cold. [3 marks] 

 
2.3.6 Explain the importance of a fever in reducing the spread of the Influenza virus. [3 marks] 

 

 
2.4.1 Explain the inflammatory response that will occur at a cellular level. [5 marks] 

© JGJ Publishing
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2.4.2 Explain the purpose of the inflammatory response. [3 marks] 

 

2.5 Explain, at a cellular level, the steps leading to an allergic reac%on in James. [4 marks] 
 

Extension notes:

© JGJ Publishing

1 Below is a diagram of the steps of an allergic reacKon:

1

2 Cross-linking causes gross exaggera%on of the immune system, leading to an even more exaggerated 
response that can commonly progress into anaphylacKc shock. 

2
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2.6.1 Describe the role of mast cells in the migra%on of leukocytes. In your response, iden%fy what 
chemical X is. [3 marks]

2.6.2 Explain why the epithelial lining is impermeable when there are no invading pathogens. [2 marks] 

2.6.3 Describe how the neutrophil will respond when in the presence of the invading pathogens. [2 
marks]

 

3.1 Define the term ‘an%gen’. [1 mark] 

3.2 Explain why it is important for immune cells to be able to recognise the difference between self and 
non-self an%gens. [3 marks] 

Extension notes: 

© JGJ Publishing

1 This is referred to as an autoimmune disease. An example of an autoimmune disease is mul%ple 
sclerosis, whereby immune cells of the body axack and break down neurons (specifically the myelin 
sheath, which is a protecKve coaKng surrounding neurons)! This means that communicaKon between 
neutrons and muscles is impaired, which can lead to muscle weakness and faKgue.

1
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3.3 Describe the role of mast cells in an allergic response. [2 marks] 

 
3.4 Outline how sensi%sa%on to an allergen first occurs. [2 marks] 

 
3.5 Iden%fy the key difference between MHC-I and MHC-II. [1 mark] 

Extension notes: 

3.6 Give an example of one cellular and one non-cellular pathogen, and describe how the body responds 
differently to each. [3 marks] 

Extension notes: 

 

© JGJ Publishing

1 Note that red blood cells lack a nucleus and hence, will not contain MHC 1 markers.

1

1 Other examples of cellular pathogens include Staph aureus and Strep viridans.  
Other examples of non-cellular pathogens include SARS-CoV-2 and HIV.

1
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4.1 Define the term ‘lympha%c system’. [1 mark]

4.2 Describe two func%ons of the lympha%c system in humans. [2 marks] 

 
4.3 Describe how lymph fluid moves in the lympha%c system. [2 marks] 

 
4.4 Name one body system that is closely connected to the lympha%c system. [1 mark] 

 
4.5 State one example of a primary and secondary lymph organ. [2 marks] 

 
4.6 State the loca%on of B and T lymphocyte forma%on and matura%on. [2 marks] 

© JGJ Publishing
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4.7 Describe how the lymph system assists in an%gen recogni%on. [3 marks] 

  

Extension notes: 

 

4.8 Describe one structural feature of the lympha%c system and explain how it assists in its func%on. [2 
marks] 

Extension notes: 

 
4.9 Explain why this has occurred. [2 marks] 

Extension notes: 

 
4.10 Describe how the lymph system assists in an%gen recogni%on of the Leptopspira bacteria. [3 marks] 

© JGJ Publishing

1 Humans have over 500 lymph nodes that are distributed throughout the body - these lymph nodes 
help to filter excess body Kssue and are the site of specific immune cell producKon. 

1

1 The swelling is due to the increased migraKon of immune cells to the lymph node as well as the build 
up of cellular and harmful waste. 

1

1 Cancers tend to metastasise (spread) from Kssues to lymph nodes. InteresKngly, cancerous lymph 
nodes are non-painful.

1
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5.1 Explain how clonal selec%on and expansion contribute to the adap%ve immune response. [2 marks] 

 
5.2.1 Name and describe one adap%ve pathway that can remove cancer cells. [4 marks] 

Extension notes: 

 

© JGJ Publishing

1

1 The diagram below displays the humoral response to general pathogens:

2 Memory B cells proliferate into plasma B cells that will produce specific an%bodies - these anKbodies 
will bind to the same anKgen that once triggered the immune response. 

2
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5.2.2 Name and describe another adap%ve pathway that can remove cancer cells. [4 marks] 

Extension notes: 

© JGJ Publishing

1 The diagram below displays the cell-mediated response to general pathogens:

2 Note that the same general pathway of cell-mediated immunity applies to cancer cells as well as 
virally-infected cells!

2

1
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 5.2.3 Explain how both pathways can prevent the same type of cancer cells from growing. [2 marks] 

 

5.3 Graph the concentra%on of an%body that occurs during a secondary immune response and label key 
points on the graph below. [3 marks] 

Extension notes: 

 
6.1 Dis%nguish between natural and ar%ficial immunity. [2 marks]  

 
© JGJ Publishing

1 When compleKng the graph, you should ensure the following:  
• that the shape of the primary and secondary immune response is almost idenKcal 
• the secondary immune response has a steeper gradient and larger response 
• the concentraKon of anKbody at the end of the secondary immune response never falls below 

the level at the beginning of the response.

1
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6.2 Dis%nguish between ac%ve immunity and passive immunity. [2 marks] 

 
6.3 Complete the following table, classifying examples of ac%ve and passive immunity. [4 marks]

6.4 Describe one advantage and one disadvantage of ac%ve immunity. [2 marks] 

6.5 Describe one advantage and one disadvantage of passive immunity. [2 marks]

© JGJ Publishing

Method of acquiring immunity Ac%ve or Passive and Natural or Ar%ficial?

VaccinaKon

Catching a cold

InjecKon of anKbodies

Consuming breast milk
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7.1 Explain how global travel increases the risk of infec%ous diseases emerging in a popula%on. [2 marks] 

 

7.2 Iden%fy two factors that increase the likelihood of a pathogen spreading in a popula%on. [2 marks] 

Extension notes: 

7.3 Explain why people previously unexposed to par%cular microbes are more suscep%ble to becoming ill 
aQer exposure. [2 marks] 

© JGJ Publishing

1 AlternaKve factors that increase the likelihood of the spread of pathogens include: long-distance travel 
and increased populaKon density.  

2 This quesKon can also be answered with reference to: 
• behavioural factors: level of educaKon, personal hygiene 
• environmental factors: swampy ground, temperature, sanitaKon and sewage treatment

1 2



115

7.4 Outline two ways in which Aboriginal and Torres Strait Islander people’s health may have been 
nega%vely impacted by colonisa%on beyond the introduc%on of new pathogens into the environment. [2 
marks] 

Extension notes: 

7.5 Explain two reasons for why there are s%ll cases in Australia, 10 years aQer endemic measles was 
eradicated. [2 marks] 

7.6.1 Would the spread of this disease be more correctly referred to as an epidemic or a pandemic? 
Provide a reason to support your answer. [2 marks] 

Some scienSsts tried to put samples from the affected individuals onto agar in Petri dishes and incuba2ng 
them.  
 
7.6.2 Explain why this approach was unsuccessful in isola%ng the SARS-CoV virus. [2 marks] 

 

© JGJ Publishing

1 Another point is that the introduc%on of new food groups and diets may have increased the risk of 
development of chronic diseases. 

1
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7.7 Iden%fy two factors which may have contributed to the rapid spread of disease. [2 marks] 

7.8 Explain why previous exposure to a pathogen minimises the effect of the pathogen. [3 marks] 

 

7.9 Explain why a pandemic is more likely to occur when a new pathogen emerges. [3 marks] 

Extension notes: 

© JGJ Publishing

1 When a new pathogen emerges, there is no pre-exisKng immunological memory (no immediate 
immune defences) against this pathogen. This means that every individual is more likely to be 
suscepKble to infecKon as they have do not have an immunological memory against this new pathogen. 
With a greater number of people being infected, the pathogen can spread more easily and infect 
enough people across mulKple conKnents to be classified as a pandemic.

1
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8.1.1 Explain how culturing of pathogens on agar plates can be used to iden%fy specific pathogens. [2 
marks] 

Extension notes: 

8.1.2 Briefly explain the steps of polymerase chain reac%on and how this technique can be use to iden%fy 
pathogens. [3 marks] 

8.1.3 Why might a company choose to use polymerase chain reacKon techniques over culturing for 
pathogen idenKficaKon. [2 marks] 

Extension notes: 

© JGJ Publishing

1 See quesKon 10.1.2 from AOS1 for an explanaKon of the steps of the polymerase chain reacKon. 

1

1 Pathogens can be axained by mouth swabs!

1

2 Note that this process can be quite lengthy and cheap before results are obtained compared to PCR 
which is more expensive, but faster!

2
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8.2 Explain two adapta%ons of bacteria that enable it to evade host defences. [2 marks] 

Extension notes: 

8.3 How does the mode of transmission of a pathogen influence the spread of disease? [2 marks] 

Extension notes:

© JGJ Publishing

1 This increases the chance of a disease spreading from person to person.

1

1 The diagram below displays the adaptaKons that bacteria possess to enable host defence evasion:

1

host defences
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8.4.1 Outline two public health measures that could control the spread of COVID-19 and explain how they 
would be effec%ve. [2 marks] 

Extension notes: 

8.4.2 Describe another effec%ve method for preven%ng the transmission of diseases that spread through 
infected body fluids. [2 marks] 

8.4.3 Explain why wearing protec%ve gowns and masks is not completely effec%ve when preven%ng the 
spread of COVID-19. [2 marks] 

\ 

 

8.5.1 Carrying out research. [2 marks] 

 
8.5.2 Improving interna%onal rela%onships. [2 marks] 

 

© JGJ Publishing

1 QR codes for contact tracing is also a suitable strategy that can be outlined here - the locaKon of an 
infected person at specific points in Kme can be mapped out to determine infecKon sites and individuals 
near the site of infecKon can accordingly quaranKne. 

1
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8.5.3 Developing training programs. [2 marks] 

 
9.1 Define the term ‘vaccine’. [1 marks] 

9.2 Describe the purpose of vaccines. [2 marks]

Extension notes:

© JGJ Publishing

1 Fun facts: 
• There are vaccines available that can prevent the onset of certain types of cancers! For example, 

there is the Gardasil vaccine which prevents cervical cancer in women (generates immunity 
against the HPV vaccine). 

• The hepa%%s B vaccine is given to children immediately aQer birth (within 24 hours for the 
greatest benefit)!

1
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9.3 Explain how vaccina%ons generate immunological memory to specific pathogens. [4 marks] 

Extension notes: 

9.4 Iden%fy two reasons why a mother may choose not to vaccinate her child. [2 marks] 

 
9.5 Explain why this may be the case. [2 marks] 

© JGJ Publishing

1 Note that the response of a paKent to the anKgen in the vaccine is the humoral immune response! For 
a refresher on this topic, please visit quesKon 5.3.1 in this AOS!

1

2 The reason why the pathogen is axenuated is to prevent disease from occurring in the vaccinated 
paKent. 

2
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9.6 Explain two health-related impacts of implemen%ng vaccina%on programs. [3 marks] 

Extension notes: 

9.7 Define the term ‘herd immunity’. [1 mark] 

 
9.8 Explain how vaccines can be used to achieve herd immunity. [3 marks] 

© JGJ Publishing

1 Another advantage is that it reduces bacterials and viruses developing anKbioKc and anKviral 
resistance respecKvely. This is because there is reduced overprescrip%on of these medica%ons!

1

2 Note that vaccinaKon programs targets communicable (infecKous) diseases rather than non-
communicable (non-infecKous diseases) such as obesity and diabetes.

2
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9.9 Describe two features of an effec%ve vaccina%on program. [2 marks] 

Extension notes: 

9.10 Explain how opposi%on to vaccina%on programs poses a challenge to the development of herd 
immunity in a popula%on. [3 marks] 

 
10.1 Define the term ‘monoclonal an%body’. [1 mark] 

10.2 Describe one advantage and one challenge with the use of monoclonal an%body treatment. [2 
marks] 

© JGJ Publishing

1 InteresKngly, polyvalent vaccines combine mulKple anKgens from different pathogens into a single 
injecKon! This reduces the costs of extra healthcare visits and reduces the costs of stocking and 
administering separate vaccines. 

1
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10.3 Assuming that an%bodies created are derived from a mouse, explain how monoclonal an%bodies can 
be developed for the treatment of cancer. [4 marks] 

Extension notes: 

 

© JGJ Publishing

1 Below is a diagram displaying the process of creaKng monoclonal anKbodies from a mouse:

1

2 This treatment exploits the specificity of an%bodies.

2
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10.4 Describe two ethical issues associated with using animals to create monoclonal an%bodies.  

 
10.5.1 Define the term ‘autoimmune disease’. [1 mark] 

 
10.5.2 Explain why autoimmune diseases occur, with reference to self and non-self cells. [2 marks] 

 
10.5.3 Explain why it is difficult to diagnose and treat autoimmune diseases. [3 marks] 

 
10.6 Explain why immunotherapy is considered a type of biological treatment. [2 marks] 

© JGJ Publishing
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10.7.1 Describe how monoclonal an%bodies are administered to pa%ents. [1 mark] 

 
10.7.2 How will the cellular effects of the monoclonal an%body change as a result? [2 marks] 

 
10.8.1 Explain why this may help to minimise the side effects of chemotherapy drug. [1 marks] 

 
10.8.2 Determine what ac%ons the now naked monoclonal an%body may perform. [1 mark] 

 
10.8.3 Explain why this is the case. [2 marks] 

© JGJ Publishing
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10.8.4 Explain why this tag may be useful in the detec%on and treatment of cancer. [2 marks] 

10.9.1 Explain why IL-6 inhibitors may relieve the pain and inflamma%on associated with rheumatoid 
arthri%s. [2 marks] 

 
10.9.2 Explain why this may be the case. [1 mark] 

10.9.3 Draw a labelled diagram of a monoclonal an%body that could be used to minimise the ac%on of 
IL-1. [1 marks] 

© JGJ Publishing
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Solu%ons: Unit 4 AOS 2 
 

1.1.1 Define the term ‘gene pool’. [1 mark] 

 
1.1.2 Define the term ‘gene%c driQ’. [1 mark]  

 
1.1.3 Dis%nguish between the terms ‘gene flow’ and ‘gene%c driQ’. [2 marks] 

 

1.2.1 Explain how the ‘founder effect’ can reduce gene%c varia%on in a popula%on. [3 marks] 

Extension notes: 

© JGJ Publishing

1 Below is a diagram explaining the founder effect:

1
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1.2.2 Explain why the frequency of a specific muta%on would be higher in the founding popula%on 
compared to a parent popula%on. [2 marks] 

 
1.3.1 Explain how the ‘bovleneck effect’ can reduce gene%c varia%on in a popula%on. [3 marks] 

 
1.4 Explain why gene%c driQ has a greater impact on small popula%ons compared to larger ones. [2 
marks] 

Extension notes: 

© JGJ Publishing

1 These changing condiKons are called selec%ve pressures.

1
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1.5 Explain how the larger horns in the males of this species could have evolved despite the difficul%es 
stated above. [3 marks] 

Extension notes: 

 
1.6.1 Iden%fy the phenomenon that best describes the movement of P. infestans from Mexico to Europe. 
[1 mark] 
 

1.6.2 Compare the likely gene%c diversity of the P. infestans popula%ons in Mexico and Europe, and 
explain why this would be the case. [3 marks] 

Extension notes: 

 

© JGJ Publishing

1 This quesKon is quite tricky! One would think that those that find it difficult to move, catch prey and 
eat would be less likely to pass on their alleles to the next generaKon. However, you must remember 
that sexual selec%on (irrespecKve of the favourability of a trait) plays a role in determining the 
frequency of a specific allele.   

1

1 Note that if you are asked to compare the geneKc diversity of two populaKons, you should first state 
which populaKon is less or more gene%cally diverse before explaining the reasons for this!

1
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1.6.3 Iden%fy and describe two consequences of lowered gene%c diversity. [2 marks] 

1.6.4 Outline one method to increase the gene%c diversity of a popula%on. [2 marks] 

1.7.1 Explain the bovleneck effect and its impact on the gene%c diversity of the popula%on of black 
robins. [4 marks] 

Extension notes: 

© JGJ Publishing

1 The ‘natural disaster’ here is the introducKon of a new species that perhaps competes with the black 
robins for resources or preys on the black robins as a food source.  

1
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1.7.2 Describe one benefit and one risk of human interven%on to encourage breeding and popula%on 
growth aQer a bovleneck like that of the New Zealand black robin. [2 marks] 

 
1.8.1 The popula%on must be small. [1 mark] 

 
1.8.2 There must be no muta%ons occurring at all. [1 mark] 

 
1.8.3 Natural selec%on must not be opera%ng on the popula%on. [1 mark] 

 
1.8.4 There can be immigra%on but not emigra%on. [1 mark]  

 
1.9.1 Define the term ‘muta%on’ and outline one cause of muta%ons. [2 marks] 

© JGJ Publishing
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1.9.2 Explain how point muta%ons are sources of new alleles. [2 marks]  

Extension notes: 

 
1.10.1 Using a codon table, write down the amino acid sequence coded for by this DNA sequence. [1 
mark] 

1.10.2 Name the type of muta%on and outline the poten%al effect on the resultant protein produced. [2 
marks] 

1.10.3 Name the type of muta%on and describe the poten%al effect on the resultant protein produced. [3 
marks] 

 
1.11.1 Using a codon table, write down the amino acid sequence coded for by this DNA sequence. [1 
mark] 

 
1.11.2 What type of muta%on has occurred in this example? [1 mark] 

© JGJ Publishing

1 This new allele can either be advantageous (favourable) or disadvantageous (unfavourable) for the 
parKcular organism’s survivability and reproducibility. 

1
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1.11.3 Explain the effect that this muta%on will have on the structure and func%on of the polypep%de. [3 
mark] 

Extension notes: 

1.11.4 Assuming that the protein produced as a result of the muta%on is func%onal, describe the effect 
that the muta%on will have on the gene%c diversity of the popula%on. [2 marks] 

© JGJ Publishing

1 Remember that the primary structure refers to the linear sequence of amino acids that make up a 
polypepKde chain. The primary structure is largely responsible for the shape of the terKary structure.  

1
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1.12 Explain how evolu%on by natural selec%on brings about phenotypic differences between species. [3 
marks] 

Extension notes: 

 

2.1 Explain the consequences of the above statement. [2 marks] 

Extension notes: 

© JGJ Publishing

1 For all natural selecKon quesKons you should use the following template: 

1. Phenotypic variaKon in relaKon to [insert phenotype] exists within a populaKon of [insert 
species].   

2. [Insert environmental change or selecKon pressure] acts as a selecKon pressure on [insert 
species]. 

3. Organisms possessing [insert phenotype] trait are at a selecKve advantage - these organisms 
have a greater chance of surviving [insert selecKon pressure] and passing on their favourable 
alleles to the next generaKon (offspring). 

4. Over Kme, the allele frequency of [insert phenotype] increases such that more individuals 
possess the advantaged trait.

1

1 The carrying capacity refers to the number of organisms for a parKcular species that the environment 
can sustain (‘carry'). 

1
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2.2 Complete the table below, iden%fying whether or not the below factors increase or decrease gene%c 
varia%on. [4 marks] 

 
2.3 Explain why offspring are not gene%cally iden%cal to their parents. [2 marks] 

Extension notes: 

© JGJ Publishing

Factor Increase or decrease in gene%c varia%on?

ArKfical 

SelecKon

MigraKon

GeneKc driU

MutaKon

1 Haploid gametes refer to sex cells that contain half the number of usual chromosomes, that combine 
with another haploid gamete to form the normal number of chromosomes expected in a body cell.  

1
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2.4 Explain how inbreeding lowers the fitness levels of popula%ons. [2 marks] 

Extension notes: 

2.5.1 Describe how the bovleneck effect has impacted the varia%on of the northern elephant seals. [3 
marks] 

2.5.2 Iden%fy two strategies that can help to increase gene%c diversity in cri%cally endangered species 
like the northern elephant seals. [2 marks] 

2.6.1 What evolu%onary mechanism has caused a higher incidence of fumarase deficiency to occur within 
this popula%on? [1 mark] 

© JGJ Publishing

1 Inbreeding not only limits the number of useful traits to naturally select against, but can also amplify 
harmful and unwanted traits in the populaKon. Inbreeding was common for certain royal families and a 
prime example of a harmful trait is the ‘hasburg jaw’, which was characterised by a boxom jaw that 
juxed out, and prevented the user from chewing properly.  

1
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2.6.2 Describe how this mechanism has caused this to occur.  [3 marks] 

Extension notes: 

2.6.3 Which organelle does this gene%c condi%on most likely affect? [1 mark] 

 

3.1 Explain the purpose of ‘selec%ve breeding programs’. [2 marks] 

 
3.2 Iden%fy the selec%ve pressure in selec%ve breeding programs. [1 mark] 

© JGJ Publishing

1 Below is a simplisKc step-by-step approach to explain the response: 
• A founder group is formed from the original populaKon  
• Members of the founder group reproduce 
• The frequency of specific alleles will increase  

1
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3.3 Describe one similarity and one difference between natural and ar%ficial selec%on. [2 marks] 

 
3.4.1 Explain how domes%c dogs can be selec%vely bred. [3 marks] 

3.4.2 Describe the effect that the selec%ve breeding of dogs has on the gene pool of the domes%c dog 
popula%on. [2 marks] 

Extension notes: 

© JGJ Publishing

1 All the dogs will become gene%cally similar (less geneKcally variable).

1
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3.4.3 Explain two ethical issues associated with the selec%ve breeding of dogs. [2 marks] 

3.4.4 Explain two reasons, except for aesthe%c value, why individuals want to selec%vely breed dogs. [2  
marks] 

 
3.5 Explain how drought-resistant crop plants can be produced by selec%ve breeding. [3 marks] 

Extension notes: 

© JGJ Publishing

1 Plants with the desired traits are then interbred again. 

1
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3.6 Describe how phenotypic differences in two unrelated species would prevent them from producing 
offspring. [2 marks] 

  

 
4.1.1 Describe the process for the emergence of these new viral strains. [4 marks] 

Extension notes: 

© JGJ Publishing

1 For all natural selecKon quesKons you should use the following template: 

1. Phenotypic variaKon in relaKon to [insert phenotype] exists within a populaKon of [insert 
species].   

2. [Insert environmental change or selecKon pressure] acts as a selecKon pressure on [insert 
species]. 

3. Organisms possessing [insert phenotype] trait are at a selecKve advantage - these organisms 
have a greater chance of surviving [insert selecKon pressure] and passing on their favourable 
alleles to the next generaKon (offspring). 

4. Over Kme, the allele frequency of [insert phenotype] increases such that more individuals 
possess the advantaged trait.

1
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4.1.2 Explain why these new strains soon infected a larger propor%on of the popula%on, compared to the 
old strains. [2 marks] 

4.1.3 Explain how the appearance of new strains poten%ally affect the vaccine program. Describe one 
method to manage this effect. [3 marks]

Extension notes: 

4.2 Explain why new strains of bacteria spread rapidly in popula%ons. [2 marks] 

© JGJ Publishing

1 A link between altered nucleic acid and viral an%gens must be made!

1
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4.3.1 Define the term ‘an%genic shiQ’ and explain the consequence of viruses undergoing an%genic shiQ. 
[2 marks] 

4.3.2 Define the term ‘an%genic driQ’ and explain the consequence of viruses undergoing an%genic driQ. 
[2 marks]

© JGJ Publishing
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4.4.1 With reference to Darwin’s theory of evolu%on by natural selec%on, explain how MRSA bacteria 
have evolved to become resistant to an%bio%cs. [3 marks] 

4.4.2 Outline one method to reduce the development of an%bio%c-resistant strains of bacteria. [2 marks] 

Extension notes: 

4.4.3 Explain why it would be infeasible to create new an%bio%cs to reduce the spread of MRSA. [2 
marks] 

© JGJ Publishing

1 Efficacy refers to the ability to produce a desired result.

1
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4.5.1 Draw and annotate a diagram that shows how an%genic shiQ may occur in virus par%cles. [3 marks] 

4.5.2 Iden%fy whether an%genic shiQ or an%genic driQ is a greater challenge against treatment and 
immunity, and explain why this is the case. [3 marks] 

© JGJ Publishing
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5.1 Define the term ‘palaeontology’. [1 mark] 

 
5.2.1 Define the term ‘fossil’. [1 mark] 

 
5.2.2 Explain what is meant by the term ‘fossil record’ and what it provides evidence of. [3 marks] 

 
5.3 Explain why the fossil record is incomplete. [2 marks] 

Extension notes: 

5.4 What is the term used to describe da%ng methods that make use of radioisotopes such as carbon-14? 

 
© JGJ Publishing

1 The condiKons required for fossilisaKon are quite specific and also rarely occur successfully, which 
contributes to the incompleteness of the fossil record. 

1
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5.5.1 Determine whether it is possible to establish the age of the fossil using carbon-14 da%ng. [2 mark] 

 
5.5.2 Determine what other methods can be used to determine the absolute age of this fossil. [1 mark] 

5.5.3 Given that there are fossils in each sec%on, which sec%on would have the oldest fossil? Provide a 
reason to support your answer. [2 marks] 

 
5.5.4 What informa%on can you infer on the sevlement of humans in the area? [2 marks] 

 
5.6 Explain what is meant by the term ‘transi%onal fossils’ and what they are used for. [2 marks] 

© JGJ Publishing
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5.7.1 Explain what is meant by the term ‘index fossils’ and how they can be used to determine 
relatedness between species. [3 marks] 

 
5.7.2 List two criteria that a fossil must sa%sfy in order to be classified an ‘index fossil’. [2 marks] 

 
5.8.1 Low oxygen levels. [2 marks] 

Extension notes: 

 
5.8.2 Lack of scavengers. [2 marks]  

Extension notes: 

© JGJ Publishing

1 High oxygen levels may increase the decomposi%on (decay) due to the presence of aerobic bacteria 
that will decompose the organism. Aerobic bacteria will not be present in aerobic environments. 

1

1 Scavengers, such as vultures, are avracted to the smell of decomposing organisms (these organisms 
release specific chemicals when decaying).

1
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5.9 Explain why the most common fossils found are shelled invertebrates that existed in an aqua%c 
environment. [2 marks] 

5.10 Describe the specific condi%ons that would have to occur in order for a terrestrial animal to become 
fossilised. [3 marks] 

 
5.11.1 Explain how ‘rela%ve da%ng’ can be used to establish the age of a fossil. [3 marks] 

 
© JGJ Publishing
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5.11.2 Outline one advantage and one disadvantage of rela%ve da%ng. [2 marks] 

 
5.11.3 Explain how ‘absolute da%ng’ can be used to establish the age of a fossil. [2 marks] 

 
5.11.4 Outline one advantage and one disadvantage of absolute da%ng. [2 marks] 

 
5.11.5 Iden%fy two differences between rela%ve and absolute da%ng. [2 marks] 

© JGJ Publishing
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5.12.1 Explain why the wooly mammoth was found in a well-preserved state with livle evidence of 
decaying. [3 marks] 

 
5.12.2 Describe one method that can be taken to determine if this is true. [2 marks] 

 
5.12.3 Suggest two reasons why wooly mammoths are ex%nct. [2 marks] 

 
6.1 Define the term ‘master regulatory gene’. [1 mark] 

 
6.2 Define the term ‘novel phenotype’. [1 mark] 

 
6.3 Define the term ‘specia%on’. [1 mark] 

 
© JGJ Publishing
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6.4 Define the term ‘adap%ve radia%on’. [1 mark] 

6.5.1 Explain what happened to the rabbit popula%on on the leQ side of the river. [4 marks] 

 
6.5.2 Define the term 'species'. [1 mark] 

© JGJ Publishing
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6.5.3 Describe the process of allopatric specia%on with rela%on to these rabbit popula%ons. [3 marks] 

Extension notes: 

 
6.6.1 State the func%on of the BMP4 gene. [1 mark] 

6.6.2 Iden%fy the correla%on between BMP4 ac%vity and beak size in finches and explain the significance 
of this correla%on. [3 marks] 

© JGJ Publishing

1 Examples of geographical barriers include: shiUing mountains, rivers and changing environments. 

1
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6.6.2 Explain why muta%ons occurring in the BMP4 gene can quickly create a variety of phenotypes with 
regards to beak shapes in Galapagos finches. [3 marks] 

 
6.6.3 What name is given to structures that have the same common evolu%onary origin? [1 mark] 

 
6.6.4 Explain the condi%ons that are suitable for the finches to undergo specia%on. [2 marks] 

 
6.6.5 Explain how one species of finch can be found on different islands in Galapagos. [1 mark] 

 
6.6.6 Name the process that allows for the accumula%on of differences between popula%ons of finches. 
[1 mark] 

 

© JGJ Publishing
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6.6.7 Explain how this popula%on is likely to evolve. [4 marks] 

Extension notes: 

6.7.1 Explain what key features result in two popula%ons being considered different species. [1 mark] 

6.7.2 Iden%fy the process through which the two species of Howe plants would have developed from 
their common ancestor. [1 mark] 

© JGJ Publishing

1 For all natural selecKon quesKons you should use the following template: 

1. Phenotypic variaKon in relaKon to [insert phenotype] exists within a populaKon of [insert 
species].   

2. [Insert environmental change or selecKon pressure] acts as a selecKon pressure on [insert 
species]. 

3. Organisms possessing [insert phenotype] trait are at a selecKve advantage - these organisms 
have a greater chance of surviving [insert selecKon pressure] and passing on their favourable 
alleles to the next generaKon (offspring). 

4. Over Kme, the allele frequency of [insert phenotype] increases such that more individuals 
possess the advantaged trait.

1
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6.7.3 Explain why the process iden%fied in 6.8.2 is less likely to occur then the type of specia%on in which 
popula%ons are geographically isolated and name the process that occurs when different species develop 
from geographically isolated popula%ons. [3 marks] 

Extension notes: 

 

6.7.4 Using the data from Figure 1, explain how the two species of Howea plants developed. [4 marks] 

Extension notes: 

© JGJ Publishing

1 Note that geographical isola%on results in a greater chance of encountering different selec%on 
pressures.

1

1 Ensure that you use data in your response!

1

2

2 An important point that must be made is that gene flow is prevented from occurring.
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6.7.5 Using the data from Figure 2, explain how the two species of Howea plants developed. [4 marks] 

© JGJ Publishing
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7.1 Define the terms ‘analogous structures’ and 'homologous structures'. [2 marks] 

 
7.2 Explain how DNA sequencing provides evidence of relatedness between species. [3 marks] 

7.3.1 Based on the sequences of DNA listed above, draw a cladogram showing the rela%ve gene%c 
rela%onship between the four species. [2 marks] 

 
7.3.2 Explain why this result might differ from that provided by the DNA sequences above. [2] 

© JGJ Publishing
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7.3.3 Why can studying muta%ons within introns be more useful than studying muta%ons that occur 
within exons? [3 marks] 

Extension notes: 

7.4 Explain how amino acid sequencing of a protein can provide evidence of relatedness between 
organisms. [3 marks] 

Extension notes: 

© JGJ Publishing

1 Organisms that have had exon mutaKons may be unable to survive to pass on their mutaKon. However 
since mutaKons in the intron secKons of organisms are not expressed these organisms may survive to 
pass on their alleles to the next generaKon.

1

1 This means that less %me has passed to accumulate muta%ons!

1
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7.5 State whether or not the above diagram suggests that the six organisms evolved from a common 
ancestor. Explain your choice. [3 marks] 

7.6 Explain why using mul%ple different types of data can improve the reliability of es%mated 
evolu%onary rela%onships. [2 marks] 

 
7.7.1 What term is used to describe these structures? [1 mark] 

7.7.2 Name the type of evolu%on that occurred between sharks and dolphins from their respec%ve 
ancestors, explained how it occurred. [2 marks] 

 
8.1 Outline what informa%on is obtained from analysing phylogene%c trees. [1 mark] 

© JGJ Publishing
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8.2 Explain the rela%onship between branch length and species relatedness. [2 marks] 

9.1 Define the term ‘primates’. [1 mark] 

 
9.2 Define the term ‘hominoids’. [1 mark] 

 
9.3 Define the term ‘hominins’. [1 mark] 

 
9.4 State two characteris%cs of primates that differen%ates them from other mammals. [2 marks] 

 
9.5 Iden%fy a characteris%c of hominoids that differen%ate them from primates? [1 mark] 

 
 9.6.1 Pentadactylism. [2 marks] 

 
 9.6.2 Mobile arms. [2 marks] 

© JGJ Publishing
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 9.6.3 Prehensile toe. [2 marks] 

 
 9.6.4 Being able to live in social groups. [2 marks] 

 
 9.7.1 Having less body hair. [2 marks] 

 
 9.7.2 Being bipedal. [2 marks] 

 
 9.7.3 Central foramen magnum. [2 marks] 

© JGJ Publishing
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 10.1.1 Average brain size increasing. [3 marks] 

 

 10.1.2 Average adult height increasing. [2 marks] 

Extension notes: 

© JGJ Publishing

1 A case could also be made that increased consump%on of meat (due to controlled used of fire) could 
have lead to height increasing due to increased nutrients for bone development! Thereby, leading to 
greater heights!

1
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10.2 Explain the changes in limb structure that have facilitated an upright walking posi%on in early 
hominins. [3 marks] 

 
10.3.1 Domes%ca%on of plants and animals. [1 mark] 

 
10.3.2 Construc%on of containers. [1 mark] 

 
10.3.3 Produc%on of tools. [1 mark] 

 
10.3.4 Pain%ng in caves. [1 mark]  

 
10.3.5 A greater number of animals being hunted and killed. [1 mark] 

© JGJ Publishing
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10.4 Describe one product of the cultural evolu%on of hominins that has led to increased gene%c 
evolu%on and decreased gene%c varia%on. [3 marks] 

 

10.5 Iden%fy two differences that would be expected to be observed between a skull of Homo erectus 
and a skull of Homo sapiens. [2 marks] 

  

Extension notes: 

 
© JGJ Publishing

1 If the quesKon menKons a specific body part (such as a skull) ensure that you refer to features of that 
body part - for example, do not menKon the cranial capacity if the fossil found is of a finger!

1
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 10.6.1 (A): The cranial capacity has increased. [3 marks] 

 
 10.6.2 (B): The face has become flaver. [2 marks] 

Extension notes: 

 
 10.6.3 (C): The supraorbital brow ridges have reduced in size. [2 marks] 

 
 10.6.4 (D): The size of the cranial capacity compared to body size has increased. [2 marks] 

 
 10.6.5 (E): The size of teeth has reduced. [2 marks] 

 
 10.6.6 (F): The foramen magnum has become more centrally located. [2 marks] 

© JGJ Publishing

1 The frontal lobe of the brain is responsible for motor func%ons of the body!

1
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 10.6.7 (G): The jaw has decreased in size. [2 marks] 

 
 10.6.8 (H): The strength of bones has reduced. [2 marks] 

 
 10.6.9 (I): The shape of the spine has become more ’S-shaped’ and less ‘C-shaped'. [3 marks] 

 
 10.6.10 (J): The pelvis has become shorter and more bowl shaped. [2 marks] 

 
 10.6.11 (K): The carrying angle has increased. [2 marks] 

 
© JGJ Publishing
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 10.6.12 (L): The leg length has increased rela%ve to the arm length. [2 marks] 

 
 10.6.13 (M): The toes of the feet point more outwards. [2 marks] 

 
11.1 What does this indicate about the two species of H. neanderthalensis and H. sapiens? [1 mark] 

 
11.2 State one reason for the ex%nc%on of H. neanderthalensis. [1 mark] 

© JGJ Publishing
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11.3.1 Explain how both statements 1 and 3 can be true. [3 marks] 

Extension notes: 

11.3.2 Explain the reasons for statement 2. [3 marks] 

© JGJ Publishing

1 A key point that must be made in your response is that interbreeding occurred between Neanderthal 
males and female ancestors of Homo sapiens and that no interbreeding occurred between 
Neanderthal females and male ancestors of Homo sapiens.

1
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11.4.1 What tes%ng can be performed to determine that Homo florensiensis is a new undiscovered 
species? [2 marks] 

11.4.2 How does the evidence of Homo neaderthalensis and Homo sapiens interbreeding challenge this 
criteria? [2 marks] 

12.1.1 Iden%fy one strength and one weakness of using fossil evidence to track migra%on of human 
popula%ons around the world. [2 marks] 

12.1.2 Iden%fy one strength and one weakness of using mtDNA to track migra%on of human popula%ons 
around the world. [2 marks] 

 

© JGJ Publishing
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12.2.1 Explain the main principles of the ‘Out of Africa’ theory of modern human migra%on. [2 marks] 

12.2.2 Explain whether or not the above claim supports or opposes the ‘Out of Africa’ theory. In your 
response, refer to gene%c driQ. [4 marks] 

 
12.3 Explain the main principles of the ‘Mul%regional’ theory of modern human migra%on. [2 marks] 

© JGJ Publishing
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12.4 Outline one similarity and one difference between the ‘Out of Africa’ theory and the ‘Mul%regional’ 
theory. [2 marks] 

12.5 Explain why extrac%ng mtDNA from both fossils would be more useful in determining relatedness 
than extrac%ng nuclear DNA. [3 marks] 

© JGJ Publishing
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12.6.1 Using the above informa%on, draw a phylogene%c tree, including H. denisovans, H. 
neanderthalensis and H. sapiens. [2 marks] 

12.6.2 Suggest why Neanderthals and Denisovans are believed to have more features in common with 
each other than either species have in common with modern humans. [1 mark] 

Extension notes: 

 
12.7 Describe the significance of this finding with regards to cultural evolu%on. [1 mark] 

Extension notes: 
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1 This means that there will be less chance for muta%ons to accumulate. Thereby, leading to less geneKc 
diversity and hence, phenotypic varia%on. 

1

1 Survival is associated with biological evolu%on. 

1
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