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PREFACE: ABOUT THE AUTHORS

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

genuinely one of my favourite subjects at school!. A narrative 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, | 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. | get that for most of us VCE is about marks, and
there are absolutely tips and tricks that enable you to score highly - some of which are as simple as using a
particular keyword anytime you come across a certain topic. However, | think that the ability to maintain
motivation 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 | would really encourage you to do!

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

After completing VCE biology, for the first time | was able to directly apply the what | 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 interesting
enough to add into your top 4 VCE subjects! Good luck with your VCE biology journey!

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

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 | was left behind to stare at a wall of neatly organised pockets,
stacked full with medical brochures displaying big words like ‘Bacterial Meningitis’, ‘lmmunisations’ and
‘Chickenpox’. Naturally, curiosity got the best of me and I'd read them, taking one or two brochures home
each time (sorry to the kindergarten staff - don’t think | was the intended audience). And that’s how | wrote
my first ever ‘research paper’ on meningitis, which | then proceeded to “diagnose” everyone on the
playground with. When asked what kicked off my interest in biology and medicine, | will always refer to
these moments of genuine curiosity and interest. Over a decade later, my passion for medicine and biology
are still 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 practical: it’s the study of life. You might not cure cancer with VCE Biology, but every
piece of knowledge brings you one step closer!

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

1. STUDYING TIPS

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: @) 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 |
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 (AQOS 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

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 Cé4 plantsis...”
« "One international strategy to prevent pandemics is...”

UNDERLINE KEY | Underlining key terms can, again, ‘show’ the examiners where to allocate marks for your response —

TERMS 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.

HAVEA A ‘checklist’ can just be a series of questions you ask yourself after responding to the question to

CHECKLIST ensure that you have adequately responded to all parts of the question. This can include:

AFTER « Have | used the task word properly?

ANSWERING A « Have | underlined key terms?

QUESTION « Have | linked to the case study?

« Have | justified my response using sound biological principles?
EXPAND YOUR This can almost be seen as a way to ‘subtly flex’ on your examiner. Similar to VCE English, using complex
VOCABULARY 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

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.”
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PRACTICE QUESTIONS
Questions: Unit 3 A0S 1

1. Nucleic acids as information molecules that encode instructions for the synthesis of proteins: the
structure of DNA, the three main forms of RNA (mRNA, rRNA and tRNA) and a comparison of their
respective nucleotides. *VCE BIOLOGY SD, p. 29*

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

1.2 Draw a labelled diagram of a nucleotide 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]

Form of RNA Function

mRNA

tRNA

rRNA

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

2. The genetic code as a universal triplet code that is degenerate and the steps in gene expression,

including transcription, RNA processing in eukaryotic cells and translation by ribosomes. *VCE BIOLOGY 5D, p.
29*

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

2.2 Define the terms ‘transcription’, ‘post-transcriptional modifications’ and ‘translation’. In your response,
identify where these processes occur within a cell. [5 marks]

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

Hypoproteinemia is a medical condition in which diagnosed patients have low levels of protein in their
blood. This means that the concentration of essential 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 patient may be diagnosed
with hypoproteinemia. [1 mark]

2.4.2 Explain the consequence of a patient having a low concentration 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]
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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 transcription:

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

Explain the roles of the following in translation:

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

A section 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 Distinguish between the terms ‘introns’ and ‘exons’. [2 marks]

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

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

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

4.1 Describe the purpose of gene regulation. [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 concentration of tryptophan present. [3
marks]

4.4 Explain how the trp operon operates when there is a high concentration 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 Transcription Factor. [2 marks]
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5. Amino acids as the monomers of a polypeptide chain and the resultant hierarchical levels of structure
that give rise to a functional protein. *VcE BIOLOGY SD, p. 29*

5.1 Define the term ‘condensation polymerisation’. [1 mark]

5.2 Complete the following equation:

Alanine + Glycine Dipeptide + . [1 mark]

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

5.3 Explain how this may be the case. [2 marks]
5.4 Explain the main steps involved in the process of condensation polymerisation. [3 marks]

6. Proteins as a diverse group of molecules that collectively 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 Distinguish between the genome and the proteome of a cell. [3 marks]

6.3 Explain why proteins are generally studied collectively rather than in isolation. [1 mark]
6.4 ldentify 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]

Level of Protein Definition Bonding Present
Structure

Primary

Secondary

Tertiary

Quaternary
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7. The role of rough endoplasmic reticulum, 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 function of the following organelles involved in protein
exportation. [4 marks]

Organelle Organelle Function

Ribosomes

Rough
Endoplasmic
Reticulum

Golgi Body

Secretory
Vesicle

7.2 Outline the functional difference between free cellular ribosomes and ribosomes studded on the rough
endoplasmic reticulum. [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 function of endonucleases. [1 mark]
8.2 Describe the general function of ligases. [2 marks]
8.3 Describe the general function of polymerases. [2 marks]

9. The function of CRISPR-Cas9 in bacteria and the application of this function in editing 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 function 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]
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Sickle cell anaemia is an autosomal recessive disorder that causes the breakdown of premature red blood
cells. A mutation 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 genetic
editing technologies can treat sickle cell anaemia patients.

Below is a diagram of haemoglobin.

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

B-globin is a protein subunit of haemoglobin and is necessary for carrying oxygen in red blood cells. The
gene that codes for this particular protein, when mutated, results in sickle cell anaemia. CRISPR-Cas9, a
gene editing tool, is proposed to be a potential solution to replacing this mutated gene. Hematopoietic stem
cells, a type of cell that can differentiate into red blood cells, would be first collected from affected patients.
CRISPR-Cas9 technology would then be used to replace the defective gene with a functional B-globin gene
in these cells.

9.4.2 Using your own understanding and the information above, explain how CRISPR-Cas9 technology can
be used to replace the defective B-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]
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10. Amplification of DNA using polymerase chain reaction and the use of gel electrophoresis in sorting
DNA fragments, including the interpretation of gel runs for DNA profiling. *VcE BIOLOGY SD, p. 29*

10.1.1 Describe the purpose of the polymerase chain reaction. [1 mark]
10.1.2 Describe the steps of the polymerase chain reaction. [4 marks]

10.1.3 State two applications where the polymerase chain reaction can be used. [2 marks]

The polymerase chain reaction process can be described as ‘sensitive’.

10.2 Explain the above statement. [2 marks]

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

Components Function

Nucleotides

Taq
Polymerase

Primers

DNA Sample

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

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

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

10.6 Explain the main steps of the process of gel electrophoresis. [4 marks]
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10.7 Complete the table below, describing the function of the following features involved in the process of

gel electrophoresis. [6 marks]

Feature Function

Buffer Solution

Wells

Terminals

Dye

Current (power)

DNA Ladder

Restriction
Enzymes

11. The use of recombinant plasmids as vectors to transform bacterial cells as demonstrated by the

production of human insulin.*VCE BIOLOGY 5D, p. 29*
11.1 Define the term ‘gene cloning’. [1 mark]

11.2 Describe the structure and function of plasmids. [2 marks]

The diagram below displays the process of bacterial transformation.

™ =
\\(‘ (,“ plasmid
¢ O O

J

plasmid

-

bacteria

O o

plasmid (_\‘,

O~ T

insulin

bacterial
colony

S

39ar plate with antibio¥

11.3 Describe the process of bacterial transformation and outline how transformed bacteria are identified.

[4 marks]
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12. The use of genetically modified and transgenic organisms in agriculture to increase crop productivity
and to provide resistance to disease. *VCE BIOLOGY SD, p. 29*

12.1 Distinguish between ‘genetically modified organisms’ and ‘transgenic organisms’. [3 marks]

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

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

Implication Explanation

Social inequality is created.

Malnutrition can be solved.

Human self-interest is prioritised over the
ethical treatment of organisms.

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

Implication Explanation

Cross pollination between genetically modified
crops and non-genetically modified crops can

occur.

Loss of biodiversity.

Genetically modified animals may compete
with natural populations.

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

Implication Explanation

Violation of animal rights.

Inappropriate intervening of evolution.

Costs for farmers increases.
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Questions: Unit 3 AOS 2

1. The general structure of the biochemical pathways in photosynthesis and cellular respiration from
initial 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 equation for photosynthesis. [1 mark]
1.1.4 Write the worded equation for photosynthesis. [1 mark]
1.2.1 Define the term cellular respiration. [1 mark]

1.2.2 Explain the importance of cellular respiration. [3 marks]
1.2.3 Write the chemical equation for cellular respiration. [1 mark]
1.2.4 Write the worded equation for cellular respiration. [1 mark]

2. The general role of enzymes and coenzymes in facilitating steps in photosynthesis and cellular
respiration. *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 ‘activation energy’. [1 mark]
2.4 |dentify two enzymes in the human body and outline their purpose. [3 marks]

2.5 Outline how the structure of an enzyme’s active site suits its function. [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 reaction that
demonstrates this:

Catal
2H;0;, —28%€ | oH,0+0,

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

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

2.8 Explain the difference between coenzymes and cofactors. [3 marks]
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2.9 Distinguish between the ‘unloaded’ and ‘loaded’ form of a coenzyme. [2 marks]

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

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

2.10.3 Explain the function 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 function in relation to photosynthesis and cellular
respiration: changes in temperature, pH, concentration, competitive and non-competitive enzyme
inhibitors. *VCE BIOLOGY SD, p. 30*

3.1 Explain the importance of kinetic energy in enzyme-catalysed reactions. [2 marks]

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

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

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

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

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

3.4 Identify three factors, other than the action of inhibitors, that can have an effect on enzyme activity. [1
mark]

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

Temperature (2C) | Concentration of glycerol in milk before Concentration of glycerol in milk after lipase is
lipase is added (M) added (M)

10°C 0.1M 0.15M

20°C 0.1M 0.25M

309C 0.1M 0.4M

40°C 0.1M 0.28M

509C 0.1M 0.13M

3.5.1 Identify the temperature at which lipase activity was most optimal. Explain your choice using data
from the above table. [3 marks]

3.5.2 Using your understanding of enzyme structure and function, explain the data obtained at 502C. [3
marks]
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3.5.3 Explain how recording the pH of the milk solution before and after adding the lipase solution can be
used to determine the rate of lipase activity in this experiment. [3 marks]

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

A

Activity of amylase
(arbitrary units)

>

Temperature

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

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

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

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

Q

0 @
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8 e
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5 ©
O —
<

pH

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

Below is a line graph displaying the rate of reaction between lipase and lipids. In this particular experiment,
the concentration of lipids is increasing and the concentration of lipase is fixed.

A

Rate of reaction
(arbitrary units)

1
0 20 >

Time (seconds)
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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 reaction for an experiment whereby trypsin, an enzyme that
catalyses the breakdown of proteins, is increasing in concentration.

A

Rate of reaction
(arbitrary units)

0 30
Time (seconds)

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 locations of the light dependent and light independent stages of photosynthesis
in C3 plants (details of biochemical pathway mechanisms are not required)."VCE BIOLOGY D, p. 30*

4.1 Identify 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 adaptations of C;, C4 and CAM plants to maximise the
efficiency of photosynthesis required).VCE BIOLOGY 5D, 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 equation that demonstrates the action of rubisco.

(g +RuBP > 3GP(aq)

5.1.1 Complete the above chemical equation by writing the correct input in the empty space. [1 mark]
5.1.2 Explain the function of Rubisco in photosynthesis. [2 marks]

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

5.1.4 Identify 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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Scientists have hypothesised that two different types of plants, C4 and CAM, arrived from natural selection.
Their primary purpose is to minimise the chance of engaging in photorespiration.

5.2.1 Define the term ‘photorespiration’. [1 mark]
5.2.2 Describe two consequences of a C3 plant engaging in photorespiration. [2 marks]
5.2.3 Explain how C4 plants avoid engaging in photorespiration. [3 marks]

5.2.4 Explain how CAM plants avoid engaging in photorespiration. [3 marks]

A section 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 conditions 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 still 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 conditions of the Sahara desert.
Due to these conditions, 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 Identify 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 adaptations to minimise the chance of undergoing photorespiration.

5.5.1 Identify one example of a C4 plant, other than corn. [1 mark]
5.5.2 Explain one physical feature of C4 plants that distinguish them from C3 plants. [2 marks]

5.5.3 In regards to corn, identify 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 separating the light-dependent and light-independent stage by cellular location
as seen in C4 plants. [3 marks]

Oxygen is a competitive inhibitor of Rubisco. This is because oxygen has a high affinity for the active site of
Rubisco. The binding of oxygen to Rubisco can lead to photorespiration.

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

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

Atmospheric

/ level O,

Rate of reaction
(arbitrary units)

>

Oxygen concentration
(arbitrary units)

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 concentration).*VcE BIOLOGY sD, p. 30*

6.1 Define the term ‘limiting 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.

A

Rate of Reaction
(arbitrary units)

>

Temperature (2C)

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 conditions
except test tube 1 contains potassium hydroxide and test tube 2 does not contain potassium hydroxide. The
function of potassium hydroxide is to absorb CO2. The exposed parts of each leaf are then tested for starch.

6.3 Identify whether the leaf in test tube 1 or test tube 2 will test positive for starch. Justify your choice. [3
marks]

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

A

(arbitrary units)

AN

Rate of
photosynthesis

>
0 Time
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.l

6.4.2 Explain why the rate of photosynthesis is zero when there is no carbon dioxide available. [2 marks]
6.5 Explain the relationship between water availability and the rate of photosynthesis. [3 marks]
6.6 Explain the relationship between light intensity and the rate of photosynthesis. [3 marks]

7. The main inputs, outputs and locations 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 ldentify the inputs and outputs of glycolysis. [2 marks]

7.3 Explain why glucose is broken down via a series of reactions rather than a single-step reaction. [3 marks]
7.4 ldentify the inputs and outputs of the Krebs Cycle. [2 marks]

7.5.1 Identify 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 location, inputs and the difference in outputs of anaerobic fermentation in animals and
yeasts). *VCE BIOLOGY SD, p. 30*

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

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

8.3 Identify the cellular location of anaerobic fermentation in animals and yeasts. [2 marks]
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8.4 |dentify the inputs and outputs of anaerobic fermentation in animals. [2 marks]
8.5 Identify the inputs and outputs of anaerobic fermentation in yeasts. [2 marks]
8.6 Describe two applications of anaerobic fermentation. [2 marks]

9. The factors that affect the rate of cellular respiration: temperature, glucose availability and oxygen
concentration)l *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.

A
B

Rate of Reaction
(arbitrary units)

A C

>

Temperature (°C)

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 relationship between glucose availability and the rate of cellular respiration. [3 marks]
9.3 Explain the relationship between oxygen availability and the rate of cellular respiration. [3 marks]

10. Potential uses and applications of CRISPR-Cas9 technologies to improve photosynthetic efficiencies
and crop y,'e[ds' *VCE BIOLOGY SD, p. 31*

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

Cucumis sativus L., commonly referred to as cucumbers, was the subject of genetic testing in January 2016.
Scientists used CRISPR-Cas9 technology to target a gene elF4E, which is associated with increased viral
pathogenesis. Disruption of this gene can lead to viral resistance in cucumbers. Consumption of virally-
infected cucumbers do not cause negative 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 information 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 applications of anaerobic fermentation of biomass for biofuel production, *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 Identify one type of biofuel. Explain how it is produced and its environmental benefits. [3 marks]
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Questions: Unit 4 AOS 1

1. Physical, chemical and microbiota barriers as preventative mechanisms of pathogenic infection 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 infection.

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 characteristics
and roles of macrophages, neutrophils, dendritic cells, eosinophils, natural killer cells, mast cells,
complement proteins and interferons.*VCE BIOLOGY SD, p. 34*

2.1 Identify two antigen presenting 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 infection by the Influenza virus.

2.3.1 Identify 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 susceptible 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 examinations. Whilst completing a
practice examination, 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 congestion as symptoms of hay fever. This is
brought on when he plays outside, particularly on windy days. These symptoms are due to an allergic
reaction to pollen.

2.5 Explain, at a cellular level, the steps leading to an allergic reaction 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 extravasation. Below is a labelled diagram
displaying this process.

Mast cell

O OQ

Chemical X

Neutrophil
Bloodstream

Blood vessel epithelial lining

Tissue

Region Chemoklnes
‘ 9% o’ 5 —
Q O

OOO

2.6.1 Describe the role of mast cells in the migration of leukocytes. In your response, identify what chemical
Xis. [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. |Initiation of an immune response, including antigen presentation, the distinction between self-
antigens and non-self antigens, cellular and non-cellular pathogens and allergens. *VCE BIOLOGY SD, p. 34*

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

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

3.3 Describe the role of mast cells in an allergic response. [2 marks]
3.4 Outline how sensitisation to an allergen first occurs. [2 marks]
3.5 Identify 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 lymphatic system in the immune response as a transport network and the role of
lymph nodes as sites for antigen recognition by T and B lymphocytes. *VCE BIOLOGY SD, p. 34*

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

4.2 Describe two functions of the lymphatic system in humans. [2 marks]

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

4.4 Name one body system that is closely connected to the lymphatic system. [1 mark]
4.5 State one example of a primary and secondary lymph organ. [2 marks]

4.6 State the location of B and T lymphocyte formation and maturation. [2 marks]

4.7 Describe how the lymph system assists in antigen recognition. [2 marks]

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

After infection with a virus, Jane notices 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 infection 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 consumption of contaminated food and water.

4.10 Describe how the lymph system assists in antigen recognition of the Leptopspira bacteria. [3 marks]
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5. The characteristics and roles of the components of the adaptive immune response against both
extracellular and intracellular threats, including the actions of B lymphocytes and their antibodies,
helper T and cytotoxic T cells. *VCE BIOLOGY SD, p. 34*

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

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

The immune system contains multiple methods for removing cancer cells.

5.2.1 Name and describe one adaptive pathway that can reduce cancer cells. [4 marks]
5.2.2 Name and describe another adaptive 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 concentration of antibody that occurs during a secondary immune response and label key
points on the graph below. [3 marks]
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6. The difference between natural and artificial immunity and active and passive strategies for acquiring
immunity.*VCE BIOLOGY SD, p. 34*

6.1 Distinguish between natural and artificial immunity. [2 marks]
6.2 Distinguish between active immunity and passive immunity. [2 marks]

6.3 Complete the following table, classifying examples of active and passive immunity. [4 marks]

Method of acquiring immunity Active or Passive and Natural or Artificial?

Vaccination

Catching a cold

Injection of antibodies

Consuming breast milk
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6.4 Describe one advantage and one disadvantage of active 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 infectious diseases emerging in a population. [3 marks]
7.2 ldentify two factors that increase the likelihood of a pathogen spreading in a population. [2 marks]

7.3 Explain why people previously unexposed to particular microbes are more susceptible to becoming ill
after exposure. [2 marks]

7.4 Outline two ways in which Aboriginal and Torres Strait Islander people’s health may have been
negatively impacted by colonisation beyond the introduction 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 still cases in Australia, 10 years after 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 matter 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 scientists tried to put samples from the affected individuals onto agar in Petri dishes and incubating
them.

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

7.7 ldentify 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 settlers 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. Scientific and social strategies employed to identify and control the spread of pathogens, including

identification 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 identify pathogens in foods being sold to consumers.

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

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

8.2 Explain two adaptations 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 transmitted 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 Organisation).

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

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

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

8.4.3 Explain why wearing protective gowns and masks is not completely effective when preventing 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 international relationships. [2 marks]

8.5.3 Developing training programs. [2 marks]

9. Vaccination programs and their role in maintaining herd immunity for a specific disease in a human
populaﬁon_ *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 vaccinations generate immunological memory to specific pathogens. [4 marks]

Vaccinations serve to develop an individual’s primary immune response to a particular pathogen.

9.4 Identify two reasons why a mother may choose not to vaccinate her child. [2 marks]

In some circumstances, a booster vaccination may be required years after an initial vaccination against a
pathogen.

9.5 Explain why this may be the case. [2 marks]
9.6 Explain two health-related impacts of implementing vaccination 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 effective vaccination program? [2 marks]

9.10 Explain how opposition to vaccination programs poses a challenge to the development of herd
immunity in a population. [3 marks]

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

10.1 Define the term ‘monoclonal antibody’. [1 mark]
10.2 Describe one advantage and one challenge with the use of monoclonal antibody treatment. [2 marks]

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

10.4 Describe two ethical associated with using animals to create monoclonal antibodies. [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 tissue has been used to cultivate monoclonal antibodies to treat
adenocarcinoma. After purification, the monoclonal antibodies are read to be used.

10.7.1 Describe how monoclonal antibodies are administered to patients. [1 mark]

During transportation, the monoclonal antibodies produced were mistakenly labelled under another name,
and given to a patient with leukaemia, which refers to cancers of blood cells.

10.7.2 How will the cellular effects of the monoclonal antibody 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 fatigue. A new therapy is being trialled that involves delivering a chemotherapy drug
conjugated to a monoclonal antibody specific to an antigen 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.

Antigen of
cancer cell
Monoclonal "
antibody O rug
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The chemotherapy drug that is attached to the antibody unfortunately breaks down before it is able to
attach to the antigen of the cancer cell.

10.8.2 Determine what actions the now naked monoclonal antibody may perform. [1 mark]

Cancer cells are generally quite difficult to detect by the immune system as they contain many similar
antigens to other healthy cells in your body.

10.8.3 Explain why this is the case. [1 marks]

A radioactive tag may be bound in place of the drug. |

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

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

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

An adult RA patient receiving treatment from IL-6 inhibitors is infected with a virus that is typically self-
limiting, causing fever and cough for a maximum of five days in most adults. However, this patient 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 patients with RA. A diagram of a IL-1 molecule is depicted below.

10.9.3 Draw a labelled diagram of a monoclonal antibody that could be used to minimise the action of IL-1.

Questions: Unit 4 AOS 2

1. Causes of changing allele frequencies in a population’s gene pool, including environmental selection
pressures, genetic drift and gene flow; and mutations as the source of new alleles. *VcE BIOLOGY D, p. 35*

1.1.1 Define the term ‘gene pool’. [1 mark]
1.1.2 Define the term ‘genetic drift’. [1 mark]
1.1.3 Distinguish between the terms ‘gene flow’ and ‘genetic drift’. [2 marks]

1.2.1 Explain how the “founder effect’ can reduce genetic variation in a population. [2 marks]
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1.2.2 Explain why the frequency of a specific mutation would be higher in the founding population
compared to a parent population. [2 marks]

1.3.1 Explain how the ‘bottleneck effect’ can reduce genetic variation in a population. [3 marks]

1.4 Explain why genetic drift has a greater impact on small populations 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 difficulties
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 Identify the phenomenon that best describes the movement of P. infestans from Mexico to Europe. [1
mark]

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

1.6.3 Identify and describe two consequences of lowered genetic diversity. [2 marks]

1.6.4 Outline one method to increase the genetic diversity of a population. [2 marks]

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

1.7.1 Explain the bottleneck effect and its impact on the genetic diversity of a population. [4 marks]

1.7.2 Describe one benefit and one risk of human intervention to encourage breeding and population
growth after a bottleneck 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 population must be small. [1 mark]
1.8.2 There must be no mutations occurring at all. [1 mark]
1.8.3 Natural selection must not be operating on the population. [1 mark]
1.8.4 There can be immigration but not emigration. [1 mark]

1.9.1 Define the term ‘mutation’ and outline one cause of mutations. [2 marks]

1.9.2 Explain how point mutations are sources of new alleles. [2 marks]

A section 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 mutation occurs, causing the first adenine nucleotide to be replaced with a thymine.

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

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

A mutation occurs, causing the first guanine nucleotide to be replaced with a thymine.

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

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

A section 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 mutation 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 mutation has occurred in this example? [1 mark]

1.11.3 Explain the effect that this mutation will have on the structure and function of the polypeptide. [3
mark]

1.11.4 Assuming that the protein produced as a result of the mutation is functional, describe the effect that
the mutation will have on the genetic diversity of the population. [2 marks]

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

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

“Populations 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, identifying whether or not the below factors increase or decrease genetic
variation. [4 marks]

Factor Increase or decrease in genetic variation?

Artificial selection

Migration

Genetic drift

Mutation
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2.3 Explain why offspring are not genetically identical to their parents. [2 marks]

2.4 Explain how inbreeding lowers the fitness levels of populations. [2 marks]

Northern elephant seals have reduced genetic variation because of a population bottleneck that humans
inflicted on them in the 1890s. Hunting reduced their population size to as few as 20 seals by the end of the
19th century.

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

2.5.2 Identify two strategies that can help to increase genetic diversity in critically endangered species like
the northern elephant seals. [2 marks]

There is a higher incidence of fumarase deficiency in a population of members of a fundamentalist church.
The enzyme, fumarase, plays an important role in energy production. Some people who experience this
condition are severely disabled, with both developmental abnormalities and mental retardation. Practices
of the church include endogamy, marrying within the religion, and polygyny or the practice of taking several
wives. The population that practices this religion is isolated from surrounding populations and experience a
much higher incidence of this specific genetic condition.

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

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

2.6.3 Which organelle does this genetic condition most likely affect? [1 mark]

3. Manipulation of gene pools through selective breeding programs. *VCE BIOLOGY SD, p. 35*

3.1 Explain the purpose of ‘selective breeding programs’. [2 marks]

3.2 Identify the selective pressure in selective breeding programs. [1 mark]

3.3 Describe one similarity and one difference between natural and artificial selection. [2 marks]
3.4.1 Explain how domestic dogs can be selectively bred. [3 marks]

3.4.2 Describe the effect that the selective breeding of dogs has on the gene pool of the domestic dog
population. [2 marks]

3.4.3 Explain one advantage and one disadvantage of the selective breeding of dogs. [2 marks]
3.4.4 Explain two ethical issues associated with the selective breeding of dogs. [2 marks]

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

3.5 Explain how drought-resistant crop plants can be produced by selective 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 antigenic drift and shift in terms of ongoing challenges
for treatment strategies and vaccination 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 Organisation. In countries where it was highly prevalent among the population, 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 proportion of the population, 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 potentially affect the vaccine program. Describe one
method to manage this effect. [3 marks]

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

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

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

Methicillin-resistant Staphylococcus aureus (MRSA) is a ‘superbug’ that is capable of causing infection in
different parts of the body. MRSA arises as a result of S. aureus, a bacteria, being resistant to common
antibiotics. MRSA infections typically occur in hospital environments.

4.4.1 With reference to Darwin’s theory of evolution by natural selection, explain how MRSA bacteria have
evolved to become resistant to antibiotics. [3 marks]

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

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

|Haemagg|utinin (HA) and neuraminidase (NA) are the two main antigens found on the influenza virus. |

4.5.1 Draw and annotate a diagram that shows how antigenic shift may occur in influenza virus particles. [3
marks]

4.5.2 ldentify whether antigenic shift or antigenic drift is a greater challenge against treatment and
immunity, and explain why this is the case. [3 marks]

5. Changes in species over geological time as evidenced from the fossil record: faunal (fossil) succession,
index and transitional fossils, relative and absolute dating of fossils. *VcE BIOLOGY D, 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 dating 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 dating. [2 mark]

5.5.2 Determine what other methods can be used to determine the absolute age of this fossil. [1 mark]

An alternative method of dating involves the use of stratigraphy, such as in the diagram shown below -
different strata and formations are indicated with different letters.

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

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

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

5.6 Explain what is meant by the term ‘transitional 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 satisfy in order to be classified an ‘index fossil’. [2 marks]
Explain the importance of the following conditions for fossilisation:

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 aquatic
environment. [2 marks]

5.10 Describe the specific conditions 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 ‘relative dating’ can be used to establish the age of a fossil. [3 marks]
5.11.2 Outline one advantage and one disadvantage of relative dating. [2 marks]

5.11.3 Explain how ‘absolute dating’ can be used to establish the age of a fossil. [3 marks]
5.11.4 Outline one advantage and one disadvantage of absolute dating. [2 marks]

5.11.5 Identify two differences between relative and absolute dating. [2 marks]

3' u—-ir - = P, f |r‘. ¥ .7 ’_: ',“ - —

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 little 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 extinct. [2 marks]

6. Evidence of speciation as a consequence of isolation and genetic divergence, including Galapagos
finches as an example of allopatric speciation and Howea palms on Lord Howe Island as an example
of sympatric speciation. *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 ‘speciation’. [1 mark]

6.4 Define the term ‘adaptive radiation’. [1 mark]

A river separates members of a rabbit population that used to occupy the same geographical area. After
many generations, the rabbits on the left side of the river are significantly smaller and more athletic than
the rabbits on the right side of the river. Scientists observed that it may be because of the population of
foxes on the left side of the river.

6.5.1 Explain what happened to the rabbit population on the left side of the river. [4 marks]
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Scientists discovered that these two rabbit populations were no longer of the same species.

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

6.5.3 Describe the process of allopatric speciation with relation to these rabbit populations. [3 marks]

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

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

6.6.2 Explain why mutations 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 evolutionary origin? [1 mark]

6.6.4 Using the diagram above, explain the conditions that are suitable for the finches to undergo
speciation. [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 accumulation of differences between populations of finches. [1
mark]

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

6.6.7 Explain how this population 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 after 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.

. M H. forsteriana . B H. forsteriana
Figure 1 H. belmoreana Figure 2 H. belmoreana
12 25
S =
c 10 S 20
S €
e ® g 15
ST . S
[J] 3 [O] 3
£ £ 10
s 4 £
3 2 3 >
G} G}
o LEH 0 —
4 6 8 10 40 80 120 160
pH Height above sea level (m)

6.7.1 Explain what key features result in two populations being considered different species. [1 mark]
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6.7.2 Identify 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 identified in 6.7.2 is less likely to occur then the type of speciation in which
populations are geographically isolated and name the process that occurs when different species develop
from geographically isolated populations. [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 vestigial
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 section 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...
Cc ...GAACTCCGATACGC...
D ...GGACTACGATACGC...

7.3.1 Based on the sequences of DNA listed above, draw a cladogram showing the relative genetic
relationship 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 mutations within introns be more useful than studying mutations 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]
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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 multiple different types of data can improve the reliability of estimated evolutionary
relationships. [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 optimised 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 evolution that occurred between sharks and dolphins from their respective
ancestors, explained how it occurred. [2 marks]

8. The use and interpretation of phylogenetic trees as evidence for the relatedness between species."VCt
BIOLOGY SD, p. 35*

8.1 Outline what information is obtained from analysing phylogenetic trees. [1 mark]
8.2 Explain the relationship between branch length and species relatedness. [2 marks]
9. The shared characteristics 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 characteristics of primates that differentiates them from other mammals. [2 marks]
9.5 Identify a characteristic of hominoids that differentiate them from primates? [1 mark]
Explain the purpose of the following primate characteristics:
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 characteristics:
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 evolution from the genus Australopithecus to the genus Homo:
changes in brain size and limb structure. *VcE BIOLOGY D, p. 36*

Austalopithecus Homo erectus Homo Homo sapiens
afarensis neanderthalensis

Average adult height 151 1.56 1.64 1.78
(metres)

Average brain size 450 900 1500 1350
(cm3)

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 position in early
hominins. [3 marks]

Explain how the following aspects of hominin cultural evolution provide supporting evidence of an
increasing brain size:

10.3.1 Domestication of plants and animals. [2 marks]

10.3.2 Construction of containers. [2 marks]

10.3.3 Production of tools. [2 marks]

10.3.4 Painting 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 evolution of hominins that has led to increased genetic evolution
and one product that has led to decreased genetic evolution. [3 marks]

10.5 Identify 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 letters 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 flatter. [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 (1): 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 relative 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 classification scheme that is open to differing
interpretations 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
putative Homo species. *VCE BIOLOGY 5D, 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 extinction of H. neanderthalensis. [1 mark]

Consider the below three statements regarding hominin migration:
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 satisfied 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 migration of
modern human populations around the world, including the migration of Aboriginal and Torres Strait
Islander populations and their connection to Country and Place. *VCE BIOLOGY SD, p. 36*

12.1.1 Identify one strength and one weakness of using fossil evidence to track migration of human
populations around the world. [2 marks]

12.1.2 Identify one strength and one weakness of using mtDNA to track migration of human populations
around the world. [2 marks]

The 'Out of Africa' theory is a proposed explanation of how modern homo sapiens have evolved.

12.2.1 Explain the main principles of the ‘Out of Africa’ theory of modern human migration. [2 marks]

A scientist claimed that “the greatest variation in mitochondrial DNA is found in African people compared to
populations in other continents.”

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

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

12.4 Outline one similarity and one difference between the ‘Out of Africa’ theory and the ‘Multiregional’
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. Scientists would like to determine the extent of relatedness between the two individuals as this
may help to determine migration patterns.

12.5 Explain why extracting mtDNA from both fossils would be more useful in determining relatedness than
extracting 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 information, draw a phylogenetic 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 evolution. [1 mark]
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Solutions: Unit 3 AOS 1

1.1 Define the term ‘nucleic acid’. [1 mark]
Wi eiled .:CD é 4, ( le Lok e le

cells

Extension notes:
@ There are two types of nucleic acids you are required to know for the VCE Biology course - DNA

(deoxyribonucleic acid) and RNA (ribonucleic acid).

1.2 Draw a labelled diagram of a nucleotide from a DNI-@moIecuIe. [3 marks]

Fhosph ate
Grroup

Ni-troﬂeho us
Base

] 0]
De.o:cjrtloose
Susav

Extension notes:

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

® A phosphodiester bond is formed between two adjacent nucleotides 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 replication or transcription, while the stronger phosphodiester bonds
ensure that the DNA does not degrade or fall apart during these processes.

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

28°%0
Extension notes:

@ 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 calculations:

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 question 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 calculation:

56% + 2 = 28% © JGJ Publishing
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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]

Form of RNA Function

mMRNA nww_wm
MWJ ynthoesis
va

tRNA LRNA__carries specific amino aciels 4o the ribosames

rRNA rRNA is a structural commponent of the ribosome

g e L . . o

of Pranslation

Extension notes
@ It is important to distinguish between the three forms of RNA in pictorial form. See below:

3

5

oy

O

mMmRNA tRNA rRNA

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

Mﬁ_%wmﬁw&ww_
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2.1 Identify the two main stages of protein synthesis. [1 mark]

r
%M__m@_‘&awfian

2.2 Define the terms ‘transcription’, ‘post-transcriptional modifications’ and ‘translation’. In your
response, identify where these processes occur within a cell. [5 marks]

ﬁanJ[gt‘gn cg&g: ﬁ; ﬂg :!!iﬂiéEE!i g£ a EQ!,Q!EQE;!éE

n__uﬂzt?_m_ﬁ.ma_ﬁn_n_CaLu.QJ_Au m RAA.
—_ J
Zi ‘ !. 3 .! Es-

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

- : g R NA

Extension notes:
@ An alternative explanation is that introns are transcribed but not translated whereas exons are
transcribed and translated!

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

Hher i AL
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2.4.2 Explain the consequence of a patient having a low concentration of membrane-transport proteins.
[2 marks]

y o ) Lo ci L tmtent oliffs: (o
be slgw_edwﬂi——ﬂ—e—axﬁhlmb—cﬁ——
o et bt E - .y s

-+ — o Y

This cowled reswlt in cellular oleath

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

Ql@lll\/ﬂ 'polgmerase Separates the DNA strand by
e

A

molecule of %Q—MQMAG) is pradauced LL‘,‘
&o%&gmﬁnie%bﬁ_ese Dalring.

Extension notes:
® Below is a labelled diagram of the steps of transcription - it is important to visualise this process as
this will help to improve your understanding of the content.

5 3

| L

5

—>

3

RNA Polymerase w pre-mRNA
3 5

3 5 3 5

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

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

® The product of transcription is pre-mRNA and NOT mRNA!
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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]

‘ol % Lthe ‘4 e ok RNA / é [
5 . & .
R - 3 <the
» ¥ - éo S

Extension notes:

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

tRNA carrying a
specific amino acid

Ribosome S Polypeptide chain
I-I-I_I@-l_l.l-l

2.5.1 RNA polymerase. [2 marks]
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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]

EFach DaA bri ec Lno

aciols

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

S/ = A WO i_

DANA  strandl.

Extension notes:

@ The 3’ and 5’ ends refer to the 3rd and 5th carbon of the pentose sugar respectively (see diagram below).
Enzymes can only catalyse reactions in one specific orientation; RNA polymerase can only 'read' DNA in a
3’ to 5' direction and ‘synthesise' DNA in a 5' to 3’ direction.
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3.1 Define the term ‘gene’. [1 mark]

¢ o
R ————  ———————————)
‘ 3 cns .,
v 7 ~r-
3.2 Distinguish between the term ‘introns’ and ‘exons’. [2 marks]
= ¥ 4 7 R NA

chain

e

3.3 Outline the function of the ‘promoter region’ of a gene. [1 mark]

lee_Pza_mnir_Lz gj_ian_t;t_a_hud_iej ment wmhere RMA

polymerase bincs 1o begin transcription. |

3.4 Outline the function of the ‘operator region’ of a gene. [1 mark]

¢ - .

bineling st for o repressor protein.

4.1 Describe the purposgbof gene regulation. [1 mark]

resources (ener C ‘s
f.r_ni_ﬁ_in.x_ubﬁn_%tbjuﬂg_u_&_%_
g;qu_tmiﬂ_&_g_xa%%{_ué.&%.

Extension notes:

® Note that gene regulation has two purposes:

1. to prevent excessive gene expression —> this is to converse energy and time

2. to prevent reduced gene expression —> this is to ensure there is a sufficient proteins available for
cellular processes

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

iLy_Pinf_Aab_Lk_@LSﬂi__iu__tbﬁ_&h_zinwnf-
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4.3 Explain how the trp operon operate?when there is a low concentration of tryptophan present. [3
marks]

Ghot i—’%étgﬁéﬂa LS suntl,es[teq‘.
N

Extension notes:
@ Below is a labelled diagram displaying how the trp operon operates when there is a low concentration
of tryptophan present:

RNA Polymerase

RNA polymerase transcribes tryptophan structural genes

Promoter Operator trpE trpD trpC trpB trpB

e | e

Each gene codes for an enzyme that is
involved in tryptophan biosynthesis.

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

ra
ﬁwn_Lg%ggal_.M&-_ﬂng: a Aioh
. C » - .

lactivates (t+. [he repressar fAﬁh_éiAAS_fn_ﬂLg&aaL

. . .

m_gtaml_tz,a_g_ehes.

Extension notes:

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

AL Tryptophan
oymerase Repressor is RNA polymerase cannot transcribe tryptophan

activated structural genes

Promoter Operator trpE trpD trpC trpB trpB




53
4.5.1 RNA Polymerase. [2 marks]

t‘p opLron anol c.g:‘:a[,;es: +he §5az’:£g:[r D;/‘
iM&(LLAI_.%;DNA into Pre =r RAIA

4.5.2 Operator. [2 marks]

Extension notes:
@ Please note that condensation polymerisation does not just apply to polypeptide chain formation but
other polymers such as:
¢ Nucleic acids
e Carbohydrates
e Lipids

© JGJ Publishing
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5.2 Complete the following worded equation:
Alanine + Glycine —> Dipeptide + W a ¥k . [1 mark]
Extension notes:
@ Remember that, when monomers are joined together to form a larger molecule (polymer), water is

released at the site of bonding.

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

marks]

Extension notes:
@ Below is a labelled diagram of how dipeptides are formed by condensation polymerisation:

Peptide Bond

R R
H | /O H\ | /O R R
T T
H H e | | No—H
H H

H.0

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

Ibe_c - . P

© JGJ Publishing



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

55

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

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

Extension notes:
@ From an evolutionary perspective, alternative splicing can increase the phenotypic variation within a
species over time.

@ Increasing the proteome diversity helps to overcome the lack of proportionality 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 proportionally small
genome size.

© JGJ Publishing
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6.5 Use the spaces provided to define each level of protein structure and outline the bonding present. [4

marks]
Level of Protein Definition Bonding Present
Structure
Primary The és'gsa!: 522::&1:2 =£ anatine.  mecals i = £
Fa_[,fgpﬁiie_cﬁzin /
Secondary Wﬁ%ﬁd@l&%
£) : i ial bt _fﬁ i [ o/ fols biekars ﬁjl
Tertiary The overall three—olirensional Auinchonal shape of a Hydragen
s, ! : E' ! g ‘" Q-’/lulﬂ;DLPnl&
Quaternary Wﬁ%:@ﬂza@gftmm Hydragen
ﬁr’h a ﬁtllu -gncﬁnnnz gmfein ;ﬂz[ﬁ;&lpnl&

7.1 Complete the table below, explaining the function of the following organelles involved in protein

exportation. [4 marks]

Organelle Organelle Function
Ribosomes g; -Lle # reec 4 the nPNA
. . el "S
am—
© : .
Rough T4 e ( 4ein _sip thesis andl QEL#EEE—L:M
Endoplasmic
_ - of *+ cell.
Reticulum
Golgi Body . N
aZ ro
Do c éﬁ 9!% ? ( inte Q‘_Ecteﬁnzzy vesceles ) # ex port out af
the cell.
secretory | Secrefory vesicles profect anol fransport (carry) protein
Vesicle ) ;
;Mun_ﬂ%%mmmm
- Ste
r Py - e (
ehvironpPint.

Extension notes:

@ It is important to be able to distinguish between smooth endoplasmic reticulum and rough
endoplasmic reticulum - smooth endoplasmic reticulum is responsible for the synthesis of lipids
whereas, the rough endoplasmic reticulum is responsible for protein synthesis (including the
subsequent folding and transport of the polypeptide chain to the golgi body).
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7.2 Outline the functional difference between free cellular ribosomes and ribosomes studded on the
rough endoplasmic reticulum. [2 marks] @

&QJMDM_AMlM\Tth
r Lo £ the cell ¢ ekt é: { .

the cell.

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

( a r <

'©)

8.2 Outline the general function of ligases. [1 mark]

8.3 Outline the general function of polymerases. [1 mark]

ooy it Foriditate the Krmnts
of clouble-strondec DNA Fwm single=stranded DNA. |

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

Q&&LQL&&%&A?;Q&Q?MJ_SADLL&LA&MM;

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

The (RISPR —Cas 9 s,sﬁem in Ag;tgg“a@ngts as an adaphbve

lramune S stens
L | o " e | DA to CRISPR
¥ o ved ek wl s, e hmctbeta o develem i écv. /
- i o g : | Lok
; lotinly tn . , b, 44

Sane Lirws. @

Extension notes:
@ The CRISPR-Cas9 naturally exists in specific bacteria, but is continually being adapted to treat

conditions in humans, such as cancer and heart disease.
@ Scientists exploit the specificity of the CRISPR-Cas9 system to edit ‘faulty’ genes within humans.

® Note that the use of CRISPR-Cas9 technology in humans bear many intrinsic ethical issues because it
involves permanently editing the human genome.

© JGJ Publishing
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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]

ia_v_a.ob'gd 2 1

sgiugnse_) ] c 1

A cas 1= crRNA complex. (5 : =

Extension notes:

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

@ Below is a labelled diagram of this process:

Transcription of viral
spacer DNA into

living and require the host

Note that viruses are non- CrRNA crRNA
cell to survive. m J L cas9-crRNA

crRNA binds to complex cleaves

/ cas9 enzyme viral DNA sequence

\/

Viral
DNA

+ which is

complementary to

crRNA
M
\/ 6
T _> _> f
i Viral ' DNA o Doue.
iral ‘spacer 5
Bacterial p cas9-crRNA oo Strandeq DN

DNA incorporated into S8 break g
- _ in
bacterial cell DNA complex Bacteria is re N0 duceq
exposed to the same
virus

© JGJ Publishing



59

9.4.1 Identify and define the level of protein structure of haemoglobin. [2 marks]

Q ter ;S ‘oind
- , x , ; ; £ g L Ll
“u . in .

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

Sq R Sin Le RNnA Y }

—alol; Ky

Extension notes:

® Below is a labelled diagram of this process: DNA sequence

complex cleaves target

cas9-sgRNA
cas9 enzyme complex
sgRNA
=~ + M non-functional
gene is replaced
/ sgRNA is prepared with a functional
which is - =Qne
Target DNA e ~ complementary to the target DN'_A
sequence is

sequence target DNA sequence

— 1 _ T
ceeres 11 LA

-

9.4.3 Explain one advantage and one disadvantage of using CRISPR-Cas9 technology to treat sickle cell

anaemia. [4 marks]

One advantage of us¢ S c
iA_Q_Le.P_Q._E.m_C ent - ‘th
£H_A_Ltl:_° r
b r e
C h




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

The £ 44 l Lo e i
%WMM%

10.1.2 Describe the step?of the polymerase chain reaction. [4 marks]

!:! Denaturation. the teaﬂpetgt“te (s ethcreased =) 32°§,
mhich _G;LLows_fAe_&&cﬁu_qyg_d_Quﬁz_e;&&&Ml_ﬁd_DA[ﬁ__ﬁ?_
%M_éw@m%ses
@Annealing: the tepnperature is reoluces to S5S°C

i ry r. i naf_LAieJ_b:a.nﬂ__

+ o

Extension notes:
@ The diagram below demonstrates the process of polymerase chain reaction:

E— —_> REm— B N o —
ey My gmm
3 5 , :
Denaturation Annealing Extension Repeat Cycle

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

@ 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 72°C.

© JGJ Publishing
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10.1.3 State two applications where the polymerase chain reaction can be used. [2 marks]

10.2 Explain the above statement. [2 marks]

r PCR

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

Components Function

Nucleotides Nucleotides are the rmonomers of DNA. These monamers
a e
MLn#MA_Aﬂ?_n_M DNA strand.

Taq Ei_&l%mm%gwmk&_ﬁg%_
Polymerase teraplate DNA st [s anod asse éé‘i c sle zitzr'fr

Strands.

Primers Primers provide an attachment site for Toag Polypmerase

D, gment that
amrp. L[-»Qea'ﬁ'cn Starts :ﬁnm

DNA Sample 72 DA / s 4 . . £ dDaih that i
being copieel




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

10.4.2 Identify one molecule, other than DNA fragments, that can be separated through gel

electrophoresis. [1 mark] .
Ecﬁe ens

10.5 Explain why DNA molecules are negatively charged. [2 marks]
[he phosphate groups in em_nudﬁgide_aﬁ_a_fﬁg[‘%e
o’ h 1 o
e ” 3 eof

m_[eculé

Extension notes:
® Below is a diagram of a nucleotide with an annotated phosphate group:

H H

\

N/

Nitrogenous
Base
Negatively a H
charged
oxygen atoms
Phosphate
Group H H

Deoxyribose

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

Extension notes:
@ 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.
® DNA is negatively charged due to the presence of phosphate groups; therefore, the DNA fragments

migrate towards the positive end (anode).
® Components in gel electrophoresis are separated based on the number of DNA nucleotides in the
fragment (equivalent to the size of the DNA fragment) - larger fragments are slowed by resistance and

move slower through the gel.

© JGJ Publishing
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10.7 Complete the table below, describing the function of the following features involved in the process
of gel electrophoresis. [6 marks]

Feature Function

Buffer A_L_ﬁ&r_mu_u_&md_ﬁ_/zmm_th_ﬁmf__cﬁg%_&

Solution current The b ﬁ&r_:_nl_u_hm_u_alu__p_r_uui'_ﬁa_‘ 3
maintain +he 'bH nf the ‘7;[

Wells we. (L > redentati . Lhe P ol / 0
DAMA  are loacdeod into

Terminals Te ’ Le : seol to se +te__DasA ﬁg;ueuts This is

Dye The_al (ol thak Dad L L ctle int

Current T2 £ £ s te  Dn/A £ +s

(power) ! . y £ , / / [ le )
fArnuaA

J

DNA The DANA Laolode Lo . £ £; that b o [

Ladder DA £ : e A ‘se . T4 +io r
——————— e C
%@Lﬂ&%&_ﬁgﬂ;
estimatedd.

Restriction | Restriction enzymes are used to recognise , bind tn and

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

- S s

L a2 S A chonr o:)c‘ DA/A -

11.2 Describe the structure and function of plasmids. [2 marks]

.

@M@M&Mﬂgﬁﬁw
transter '@ . 3 cells

0]
11.3 Describe the process of bacterial transformation and outline how transformed bacteria are
identified. [4 marks]

X . ¢ +he

Extension notes:

® One application of this process is the production of human insulin for patients with type 1 diabetes.
Type 1 diabetes is a condition in which patients 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 transformation can be used to produce insulin, which can then be regularly injected into
patients with type 1 diabetes to treat symptoms.

© JGJ Publishing
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12.1 Distinguish between ‘genetically modified organisms’ and ‘transgenic organisms’. [3 marks]

d(fferent species. ©

Extension notes:

@ All transgenic organisms are also genetically modified organisms, as the insertion of genetic material is
an example of altering the genome.

@ It is important to distinguish between artificially selected organisms and genetically modified
organisms. Artificial selection selects phenotypes by encouraging promotion of an organism that
already exists with the phenotype, whereas genetic modification selects phenotypes by altering the
genome of the organism that would otherwise not express the desired phenotype.

12.2 Explain two benefits, one agricultural and one immunological, of the genetic modification of
organisms. [4 marks]
. (0] 3 ;

Coaoi

' 1 : . . A 5 - - {

. i [ :

S haroer 1o  groia.
[v4

Spreacd of 2oonotic oliseasec

Extension notes:
@ Alternative agricultural benefits include:
e Increased crop vyield: genetically modified organisms are able to select for qualities that tolerate
specific conditions better.
o Reduced costs for crop production: less money is required to be spent to use pesticides for plants.
e Reduced need for pesticides: this reduces any damage caused by harmful pesticides that are
released into the environment.
o Higher food security: increased crop yield with better quality and nutrition can provide more
reassurance to communities where food is harder to grow.
@ Alternative immunological benefits include:
e Reduced costs for healthcare: edible vaccines will create a more accessible method of being
vaccinated that does not require the production of expensive equipment.
¢ Reduced rates of malaria: genetically modified mosquitoes contain proteins which disrupt the life
cycle of plasmodium, the malaria parasite and can ease the healthcare burden caused by malaria.
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12.3 Complete the table below, explaining the social implications of the use of genetically modified

organisms. [6 marks]

Implication

Explanation

Social inequality
is created.

Malnutrition can

be solved. fediad 4 fond - ¢ £ bt .
Human self-
interest is

prioritised over
the ethical
treatment of
organisms.

12.4 Complete the table below, explaining the biological implications of the use of genetically modified

organisms. [6 marks]

Implication

Explanation

Pesticides may
affect food webs.

modified animals
may compete
with natural
populations.

Loss of As  farmers choose to use 7gaet"¢nu_:' vaodified craps
biodiversity. there will be ﬁgg; crops g rown that Q_L!-&E #gm
_CA_LA_a_ﬁA_eL_ZZ\ﬁA:eA:,_,_f‘L “uct Y C
‘;_d_gﬁ;gm@ﬁa_ﬁ enetic  bottleneck occurs)
Genetically
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12.5 Complete the table below, explaining the ethical implications of the use of genetically modified

organisms. [6 marks]

Implication Explanation
Violation of 4 / Lle + L 4o 4 5 /L
animal rights.

Inappropriate
intervening of
evolution.

Costs for farmers

increases.

g _QaL Dr‘j aniSrm S

© JGJ Publishing
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Solutions: Unit 3 AOS 2

1.1.1 Define the term photosynthesis. [1 mark]

Q@ A .

lbaely >

Extension notes:
@ Photosynthesis produces glucose, which functions as a fuel source in plants, just as it functions as a

fuel source in animals.

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

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

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

GCOQ__%', + & Hz%,_v —3 s le_O

+ 6O,

61:«2}

1.1.4 Write the worded equation for photosynthesis. [1 mark]
Carben Dioxide + Water — Glucose + Oxjjen

1.2.1 Define the term cellular respiration. [1 mark]

© JGJ Publishing



1.2.2 Explain the importance of cellular respiration. [2 marks]

1.2.3 Write the chemical equation for cellular respiration. [1 mark]

1.2.4 Write the worded equation for cellular respiration. [1 mark]

Glucase + Oxygen —> Carbon Dicoxide + wlater +ATE

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

& - . . & @
¢ ; e p JA

lan o liernative rowte wiith o l[ower activation

eneray /Ea)

- —

Extension notes:

@ Two points must be made in your response in order to receive full marks:
o that enzymes increase the rate of chemical reactions
« that enzymes act to lower the activation energy of reactions

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

@J_%j_f_‘x_mmwﬂ_ﬁwx

- s . Endid

R ]

N~

e o

2.3 Define the term ‘activation energy’. [1 mark]
72 X L C E ) g = ! Ll s

© JGJ Publishing
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2.4 Identify two enzymes in the human body and outline their purpose. [3 marks]
La c : (o the srall

2.5 Outline how the structure of an enzyme’s active site suits its function. [2 marks]
T} Live 29 of / ! £

N7
o binol and ﬁrm an €n 9jme;&é_s_ta:é€_ca_m&__
binel tw ([t = this meuLJ__tAai‘_ebig_m_es_cnn_nu_Zﬁ‘
catalyse specifle reactions

Extension notes:

@ The active site of an enzyme is part of its tertiary structure and allows the polypeptide chain to be a
functioning protein. Anything that disrupts the bonds in the tertiary structure can cause the active site
to undergo a change in shape and consequently, lose its biological function.

2.6 Suggest two reasons for this. [2 marks]

& e
mﬂa_émng;&&u_i_imb_svbarf proateins That are |
c . ) -l
( : prevent
| % - -
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2.7.1 Draw a labelled diagram of the action of catalase using the lock and key model of enzyme action. [3
marks]

Products
substrate (W ater
(h\jdrogeh peroxtd e) and
Ox—ggeﬂ)

Z\

j/‘*\cﬂve |
o) L Site __> @ __> ‘j@ 7

En% me~-Substrate
ComP(ex@

Enzyme

talase Enzyme
eackats ) (cafaglase)

Extension notes:

@ Note that the active site shape remains unchanged before and after catalysis occurs.

@ 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 activation energy of the reaction.

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

substrat Products
Chy otl“'rogo.v‘:L pe,roxzd e) (W ater
an
0»338“)

LA netine w AN

5 & -

En%nme-S‘uLstrqtc
ComP(ex

Entgme Entjme
(ca-talase) (ca'kalase)

Extension notes:

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

@ Note that the active site reverts back to its original shape despite initially changing shape to
accommodate the shape of the substrate.
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2.8 Explain the difference between coenzymes and cofactors. [3 marks]

o Co (-3 S
o % 3 TS

2% + .
. ton e

lincluole NADH ane ATP

©)
2.9 Distinguish between the ‘unloaded’ and ‘loaded’ form of a coenzyme. [2 marks]

u__c_éami_ca( arowp
(V/ /

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

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

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

izg. E Lict Sof gg .cggg’_ ‘;

. 8" fe . 0/
I ¥ o

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

© JGJ Publishing
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2.10.3 Explain the function of the coenzyme NADPH. [2 marks]

(n the strama (where Ay@_e_h_ﬁ_o_n_s_ugll_é_e_—

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

3.1 Explain the importance of kinetic energy in enzyme-catalysed reactions. [2 marks]
Lm_jb_i\y_me_ca_ta%s_egLﬂu_ﬁgni_A_amﬁ_tAe_amgu__t_
o f;&nmb%_dﬁ.ﬂtmnﬁs__fbg

Extension notes:
® Temperature is proportional to kinetic energy. This means that an increase in temperature will increase
the kinetic energy acquired by particles.

3.2.1 Define the term ‘inhibitor’. [1 mark]
Mﬁ%k_&é@m&;e the ,ate Qf_f

e -c

eh Z-ymé
—————
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3.2.2 Explain the mode of action of competitive inhibitors. Draw a labelled diagram to support your
response. [4 marks]

L - . -v
————
St o > . P "
n -S
This
> af
+ a . " -

£ ‘nhibe 3 moved

Competitive

Z::PL;::; with substrate can

Substrate for —Subs'b'a.'ﬁe still bind

active site after inhibitor

/ s removed

_> _ Tnhibitor blocks >
‘“st—gﬂ Fom
bir\o(ina
Active
Site
l Enzyme-— Tnhibitor Enzyme-Substrate

Entvw\e v—Subsﬁ—“-ﬁg CoMPLex CI’MPLex
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3.2.3 Explain the mode of action of non-competitive inhibitors. Draw a labelled diagram to support your

response. [4 marks]

A _non-comp

En%jw\e

[

+he

D" Subsirate

Active
Site
/ Inhibitor
Allosteric @
Site

Substrate unable
— 4o bind to
active site

‘-———Acﬂve site
shape changes

E“td me —inhibitor
COMPLex
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3.3 Design an experiment to determine if the inhibitor in the solution is X or Y. [5 marks]

ehBume 2. /ncreasi c : of O.5° °

M&Q_um%%% adoled T the
S5 test sentation

be low :

SET 1 SET 2
all wntain

‘2sml 1% Sol:d\'en all  contain:
nf enzame z .Z;M‘ l'ﬁ soluton

.i;M{-(L‘:O{.:ZE:::A O°/o 0-5% ‘./. 20/. 3% o enzﬂme z O°/‘ 0_5% ‘./“ Zo/. 3%
nhi -y -

increasing substrate increasing Substrote

toncentrations toncentrations

Laﬁ_oﬁ_&eﬁ_ﬁhb__ﬁgu_nf_ﬂu&lb_ebdmﬁnf
mzaaLAaL_tbﬁ_ca_&_QJI_Lea;ﬁQn_'t:Aaf occiurs

2( [‘H\e Comg_e_f ttive !Qé!éfé&!ﬁi‘ [£ the rate 0,7[
approach the rate of reaction that occurs

LA A

: ) 4 s slabelled inkibit :

Lhemical ¥ (the non-competitive ihALl:i?':op—)
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3.4 Identify three factors, other than the action of inhibitors, that can have an effect on enzyme activity.
[1 mark]

wwifmﬁ_cmmﬂm

3.5.1 Identify the temperature at which lipase activity was most optimal. Explain your choice using data
from the above table. [3 marks

- -V. - () A TAI:S l:_c
o°c » ‘o
V v
s s -
O-4nm ([ Y ? - a Jde renec of
y L. : Li
the r :
: s : most
- (-]

c o r

Extension notes:
@ This is a two-part question - you should first identify the temperature and then give an explanation!

® Note that this question doesn’t require you to give a biological explanation, but rather a justification of
what temperature is the most optimal for lipase activity based on the data.

3.5.2 Using your understanding of enzyme structure and function, explain the data obtained at 502C. [3
marks]

° . .

[;“,.g.s:l- /Comlbar—ggl Yo e“ety e perature te;:&dlgzéxséx_'
Adenatureo anc are no Longer famctional. At

ﬁﬁtu,azm_taceu_é_nxz_tbg_ophmm#maqﬁn_ém_ql_s_in_
_j_ﬁm%_mmér_egé - C°"5g_?ieﬂ_i%_¢_1’i_;_
EE;!!EE !!E is netﬂﬁﬂﬂeﬂﬂfl ol (s tortedl /con-ﬁr—mai\onql

Extension notes:
@ Reference to the shape of the enzyme active site must be made when explaining denaturation.
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3.5.3 Explain how recording the pH of the milk solution before and after adding the lipase solution can be
used to determine the rate of lipase activity in this experiment. [3 marks]

Extension notes:

Q@ Fatty acids have a high concentration of H+ ions (they are acidic). So, if the concentration of fatty acids
in the solution increases, then the concentration of H+ ions will also increase and the pH will decrease
as a result. Note that a decrease in the concentration of H+ ions leads to the pH increasing (becoming
more alkaline).

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

B_&ﬁzﬁ_tée_ﬁm%ummﬂs_@lﬁ_ﬂﬁ_g_@é_&_—
; : / /i fceh nclieod Lo

Lﬂ_tAR_Ca_t&%_tu_nLﬁLu:ﬁ,_o,f_%{_g This s

bggause , s The iehﬂpgtafﬁ‘gg {ncrea S€es, en z:‘ymeéa&::rlgsg)

the rate q;E +this reaction increases [However ., asS +the
termaperature increases above 40°C (the optinum) the
) . le s /e, @ hiel s tos { -
J:n_&#“wyTAk is alu_e_'@_'n_:%
olenaturabhon o;if amm&w%_%%
L ilid 4 ; g R ] (L £ ) Qc:b

Extension notes:

@ When explaining the enzyme activity-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 ‘active site’.

@ Itis important to remember that low temperatures do not result in enzyme denaturation - low
temperatures only act to slow down the molecules (enzyme and substrate particles) involved in the
reaction. This will result in a decrease in enzyme activity due to the lack of kinetic energy acquired by
particles.
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3.6.2 Describe the term ‘denaturation’ with reference to enzyme structure. [2 marks]

LanjAL_Can_Lzmgniz%_tLith_éji:aﬁ ((oss a;)[\

- . c asedf
E E . 3 : )

Extension notes:
Q@ Often, after denaturation, coagulation occurs as the remaining forces in the polypeptide chain still
attract each other.

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

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

Extension notes:
@ Covalent bonds are strong because...
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3.7 Explain what the ascending and descending portions of the graph above reflects in terms of catalase
activity. [3 marks]

Ca ; '[&c_ﬁ_u._é_—l__.

anOes in DH

M_M_M#AJA%%;«@M;M

5 ; o al

5 s & viced
0 ctividsy) .
J

Extension notes:
® Not only do extreme changes in temperature affect enzyme activity, but changes in pH too.

3.8.1 Explain the results of the graph from O-Z&econds. [3 marks]
As s lipt : y r

z‘- . e re

prate of reaction

Extension notes:
@ For questions where you are asked to explain the results for a specific time frame (eg. 0-20 seconds),
make sure to double-check that you are writing about the correct time frame!
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3.8.2 Explain the results of the graph from 20 seconds. [3 marks]

. = X p— N
mLmlﬁ;_Aunm_L.tniumﬁ_-l@_@u_L_ﬁ_tAe_éu‘ﬁA
? nm c +

_a._lLﬂJ:La_A_Lﬁ__to__Aﬁ Aro Aen a[owh .

Extension notes:
@ The saturation of enzyme active sites is a key point that must be made in your response!

@ This means that all enzyme active sites are bound to substrate molecules (none are available)!
@ Note that, from 20 seconds onwards, the rate of reaction is at its maximum and is constant.

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

(©)
—————— £ ——
Eg /4 '.!@ / / L] 3C b T
(-] .

rrn

(amine aciels) ,Drawuﬁwm
the rate of reaction increases.

Extension notes:
@ You should use brackets to indirectly identify what the enzyme and substrate is for this reaction!

3.9.2 Explain the results of the graph from 30 seconds onwards. [3 marks]
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4.1 Identify the two stages of photosynthesis and where each stage occurs. [2 marks]

T . - - . . -

the stroma

4.2 Explain the steps of the Iight-dependengtage of photosynthesis. [3 marks]

Extension notes:
® 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.

4.3 Explain the steps of the Iight-independent(%tage of photosynthesis. [3 marks]

Extension notes:
@ 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.
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4.1.1 Complete the above chemical equation by writing the correct input in the empty space. [1 mark]

Rubisco

LQa_(g) + RUBP > 3Gp(aq)

4.1.2 Explain the function of Rubisco in photosynthesis. [2 marks]

Rubisco (s a pAgﬁQSgutLef_‘_'[g envryme That (s (nvolved in

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

PLninijiLe.sir

4.1.4 Identify where Rubisco is found in a cell. [1 mark]

7The stroma of chloroplasts

~ L

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

) RNA ’polgmerase separates the DNA S'i'rg_ng(_%_

o e as) A /S praodauaced! by
. 7

b

%Ql‘_emhih%___b_a Se__Da Lrinc
LA -

Extension notes:
©® Remember that Rubisco is a protein and therefore, will be synthesised via the processes of

transcription and translation.

4.2.1 Define the term ‘photorespiration’. [1 mark]

[
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4.2.2 Describe one consequence of a C3 plant engaging in photorespiration. [2 marks]

C - Ll
i QO @ L
T [ o
pAg:thyutAe&LI__LS—L‘_EALH&_Q_eL—Aﬁ-CéAJJJ y
3 ; ¥ A'fs
V L4

Extension notes:

@ 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 concentration of CO;,) decreasing in the leaves, as this gas
normally enters the plants via these surface openings. Consequently, the concentration of Oy (which is
a by-product of the light-dependent reaction) inside the plant increases. Thereby, increasing the rate of
photorespiration.

4.2.3 Explain how C4 plants avoid engaging in photorespiratior@[S marks]

e : gy ol 2
L4
o £ A is. Th L +Le P s e e ‘
. : 3 @
e n
- — F=Y
ﬁ e e ————— = 2
a.s
c Rubisco
Extension notes:
@ Below is a diagram representing the fixation of carbon dioxide in C4 plants:
rMesophyll cell Y Bundle sheath cell )
COz) Cs CO2) Calvin
cycle
T PGAL
Four-carbon
compound is .
transported into the Con\'/ertecli mt?
organic molecules
kbundle sheath cell. ~ like glucose.
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4.2.4 Explain how CAM plants avoid engaging in photorespiration. [3 marks]
CAM plants separatd the tuio stages of phatesynthesis

Rubisco 7o ;[;x _®

Extension notes:
Q@ Below is a diagram representing the fixation of carbon dioxide in CAM plants:

NIGHT DAY

Mesophyll cell )

Four-car

@ Rememberfhat plants, or;this to reduce water loss.

transported into and
stored in vacuoles.

Calvin
cycle

CO2)
PGAL

\

Converted into
organic
molecules like
glucose.

@ The difference between C4 and CAM plants is that, whilst C4 plants partition photosynthetic
reactions by cellular location (between mesophyll cells and bundle sheath cells), CAM plants
partition photosynthetic reactions by the time of day (day and night).

® The primary reason why the light-dependent and light-independent stage is separated is to
conserve water. This adaptation allows CAM plants to live in hot, dry and arid regions of the world.
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4.3.1 Outline why the stomata of a C3 plant remains closed during hot conditions and explain the
consequences of this on the efficiency of photosynthesis. [3 marks]

dﬂmw%_ﬁﬁ_mw/%&%ﬂgm _%_an_d__
I&%__tA_e e#\zcter\Cu n?c blmfg:;#eigééé

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

Extension notes:

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

{ fer 1 S
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5.5.1 Identify one example of a C4 plant, other than corn. [1 mark]
Su garcane

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

= Mi@%ﬂm@jﬁﬁﬁﬁ%&_
cells anel the [ =L i 3 x A

———

bunolle ~ sheath cells

5.5.4 Explain the purpose of separating the light-dependent and light-independent stage by cellular
location as seen in C4 plants. [3 marks]

.._ . SEES

enole
- - . - . t:_

o " -—
¥ ( _cells ancl Fthen
-— * L
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5.6.1 Draw a labelled diagram explaining the mode of action of oxygen as a competitive inhibitor of
Rubisco. [3 marks]@

Carbon dioxide

‘——-oxggen unable to bind

40 active site
— actwve
ste 5

Rubisco e :;;e_ Rubisco- ox@sfye"
Cow\')(_el

Extension notes:
@ Please see question 3.2.2 for revision on the action and effect of competitive inhibitors.

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

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

c 1 Q¢ of

—_—— — L4

Extension notes:
@ Remember that this oxygen gas is a product of the light-dependent reaction.
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6.1 Define the term ‘limiting factor. [1 mark]

Yarca bl
_P_o:e_gLu_e(ec an L'ACrQaJ_Lc'n_z.e&cﬁnu_m_&a(_QSP_i_tL___
a'r\cgeg.s[nj gzgiégé[éé% of other rate=irpacting
N

"Fo! ctors

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

P_Aninjj.n_té.e.ﬁis_c_o_ugal_&af_tALa_&tuae site  of
P_L_n:tn_ﬁy_n_t_l\_e_fj;_uL%cm_e:_le_u_ﬁguenfLu [ehz;y_m_e—
2 =

: s ’r

gf_gelct[nn

Extension notes:
@ Remember that a successful collision requires molecules to collide at the correct orientation with a

sufficient amount of energy to break chemical bonds in the reactants.

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

dec + .

Extension notes:
@ This means that there will be reduced successful collisions between enzyme and substrate molecules
(decreased enzyme-substrate complex formation).

6.3 Ident]ig whether the leaf in test tube 1 or test tube 2 will test positive for starch. Justify your choice.
[3 marks

Extension notes:

® 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.

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

= int A , S : V), : : 7

M#M%A@jm%g@
. o, z_ . C

tirae all active sites are occupied) — the rate of

'S t [t L L4 Pa
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6.4.2 Explain why the rate of photosynthesis is zero when there is no carbon dioxide available. [2 marks]

Thus, the rate of reaction will be 2Zeéro (as +he
o / : e bl (s ;h! case con cgbfggfl'nn)

Extension notes:
@ 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.

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

T atiapslis® hed : -/ !'!'% | phot hest
A il < o tey al:n:"a‘régfgg Egﬂ_(ﬁsg_g@ the rate a'F

Mﬁ&_&_&www%@z_
h;hi_iegmiur_staj_e_ﬁgpbnﬁs_fnﬂms_,_uégw
suw i

Pcmmm_of_,ﬁlw MADPH For the light =

] : ¥ ; litey)
J7

Extension notes:
@ For all relationship questions, you must first state WHAT the relationship is before EXPLAINING why and
how the relationships exists!

@ To explain the relationship, you could outline the effect on photosynthesis when water is present and
absent.
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6.6 Explain the relationship between light intensity and the rate of photosynthesis. [3 marks]

The relaty &'@

Extension notes:
Q@ For all relationship questions, you must first state WHAT the relationship is before EXPLAINING why and
how the relationships exists!

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

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

!QE%EQ L Glucese | NAD-‘-,. ADP and Py
O_M_f'p_u_tj_'_ﬁy_m_ma'be, NADH, ATP
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7.3 Explain why glucose is broken down via a series of reactions rather than a single-step reaction. [3
marks]

Extension notes:

@ 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 reactions
(such as one carbon at a time) will result in more efficient harnessing of energy!

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

Inputs: P te MNADY FAD', ADFP =

QOutputs: COy , MADH , FADH, , ATP

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

e ctss Do XeADE EANL  ADE b

Outputs : H20, NADT, FADY , ATP

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

Extension notes:
@ Recall that the coenzymes NADH and FADH?2 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.
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8.1 Define the term ‘anaerobic fermentation’. [1 mark]

v r

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

8.3 Identify the cellular location of anaerobic fermentation in animals and yeasts. [2 marks]
Cytosol

8.4 Identify the inputs and outputs of anaerobic fermentation in animals. [2 marks]

[nputs : aolucose
4 J
: e o + 2

8.5 Identify the inputs and outputs of anaerobic fermentation in yeasts. [2 marks]

MMMM@MMQM&&

8.6 Describe one application of anaerobic fermentation. [2 marks]

! ™ e 2 s . el 5w ondd
processing. For example , urhen producing breaol |
s i il sl fo w :

; bing,
J

7

© JGJ Publishing



96

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

“u ca <
Wualm%mg@ﬁs—
s S c e e L lo
r S er

Extension notes:

@ Note that the explanation of results is largely the same for photosynthetic and cellular respiration
experiments. Most independent variables in these experiments (such as temperature) will affect enzyme
structure and hence, function.

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

Extension notes:
@ Specific examples of substrates and enzymes have been included by us to elevate our response.

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




9.2 Explain the relationship between glucose availability and the rate of cellular respiration. [3 marks]

Glj_mldiig_a.niymes;ﬂgliéy,_inmgxinj the
M@yamu%&m&e_ﬁiﬁ %_L.LL
JLLLe_Bj_,_Le_ zLLnﬁ__tn_azL_Anr.t:ea_s_epl rate of cellular
mstLahmJﬂ; DMEALH%E#&_M [
fég_to_o_acnr_annl_as_j_m&iimg e ,cellular |
|cespiration w/ll not occur

Extension notes:
@ You should explain the effect of glucose being both present and absent!

9.3 Explain the relationship between oxygen availability and the rate of aerobic respiration. [3 marks]

The —_;u#p__kgmgn_nxﬁga_m;Lahl;iyzel ationship between oxygen availabili ancl _the
rate of aernbic respiration (s that as oxygen |
wab;ldy_umm_,__tbLmﬁ;eﬁ_asméac cell |

re cnlra rease. Oxy;en,,,zs an. Lne_l_a._t
nf_ﬂ‘,e_ELECftaL_‘z-mn,s_poEtA_CAaim ~ o3 yﬂ,e_niwd,l.,, act as.

the +inal electron acc eptor o hel binds wiith —_pro tons.

ﬁrm_wm.tﬁt‘_ﬂxﬁ?gws_e_ of this (s to maintain
'[‘Ai_é#%&__g_n_a@ b j_LwM;M
wnmn)aﬂlﬁﬂ_é;y#*Ln&&lLﬁ_tAe,;, = =
concentration of oxgygen available ensures this |
m&_ﬁaﬂu_d.i,ffeﬁm,&Jg,nié,e‘maib.tﬁm&.al I£
ggg_gn__uas_n_ai‘ ,_alailggé_l.ﬁ_,_eluitan_flaw_aln_ng?
the Electron Tran SP.o_Lf__C.AaLL.In;_ 3 Stop an oA NADH
will hot be converted ba CA_tQ_AlA_D_r_aniﬁ%&&h_tly_f__
the supply of MAD' for the Kre fas_f_j_clﬁ—l-——
reduceel anodl the rate of aero A_L_ﬁ_Le_S_P_LCa_tLQh_—
decreaseés.
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10.1 Outline one biotic and one abiotic stressor which plants can possess tolerance against if CRISPR-Cas9
technology is used to modify the plant genome. [2 marks]

Biotic ;)Cacfor * éacte.r[azigﬁ_ﬁé%én;_

Lc : rouwght.

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

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

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

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

B Molpplats he 4 7 i oA it
' od L il e B : (€45 (anproie]
plont immunity @ Target the plant yiruses
[ ; E .E . [e 5 . !.!.tf-rt

Leolic.a +ion
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11.1 Define the term 'biomass'. [1 mark]
EE. !| t - ' E E . f ! . . > t { _e! t
(s olerived yé;m 4‘:.‘_‘5.2-? +hinags

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

11.3 Explain whether biofuels are renewable or non-renewable resources. [2 marks]
maaLL,_tA_eLux_a_zgz:y_m:_t_ﬁ_A_e_ Aame betieen +thel
39;é§5!.9§ g,é +he or;ae!‘s plaut o antrmal rmaterial

©w 3y - 8¢

T

of f£ime

11.4 Identify one type of biofuel. Explain how it is produced and its environmental beneﬁt9[3 marks]

c .
can be conabustes to procluce energy ﬁc .{‘pgc[ﬁc
» N g <
) .
neufral r
w - t - - - -

Extension notes:

@ Note that, although biofuels have their advantages, they are disadvantageous in two primary ways:
1. They have a relatively low energy content.
2. The production of biofuels often requires habitat clearly (which can potentially strain
the production of crops for food)
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Solutions: Unit 4 AOS 1

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

od i

Extension notes:
@ Damage to the body cells can result in disease due to disruption of homeostasis.

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

T e thot olorts oA ot T

-
e — J
WM%L&MMJ_A@Q&_
. . . . . [

Extension notes:
@ The absence of immune cells means that immunological memory cannot be developed in response to

specific pathogens.

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

Extension notes:

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

O .0 . S
wirable ﬁr mi;ggngjg nisms 31:; w_and re annl.‘ge,
C—————

wa lls.

Extension notes:
@ Another chemical barrier is the production of toxic chemicals by phytoalexins that inhibit pathogenic
growth.

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]

even -+ "

spduce of dhe Leek).

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

Micr (o occu S @ ; <
7 J ree S =
% ate. |

2.1 Identify two antigen presenting cells. [2 marks]

7 vV

Adend ritic cells

Extension notes:

@ Another antigen presenting cell is B cells. Note that antigen presenting cells will display fragments of a
pathogen’s antigens 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 antigenic fragments being presented.

2.2 Draw a labelled dlagran@?of the steps mvolved in phagocytosis. [3 marks]

=YECEC

Fhajo.wme bacteria is
broken down

Pkag oc_yfe

Extension notes:
@ Note that exocytosis of the bacterial debris is not required to be drawn!

@ For all diagram-related questions, make sure to keep the following tips in mind:
1. Make sure your diagrams are big!
2. Double check the question 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!

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

lz. e - . V‘
.f_o . - 0

w&wuulak
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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:
@ NK cell action prevents further replication of viruses through by lysing virally-infecting cells. Thereby,

containing its spread throughout the body.

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

phagocytosis

Extension notes:
@ The human body has approximately 20 complement proteins! Anther mode of action is causing lysis of
pathogens by membrane attack complexes.

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

Extension notes:
@ 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!

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 susceptible to being infected by other invading pathogens now that he has
been diagnosed with the cold. [3 marks]

Cig_nn:l:e_b_nuu:ie_ts)_m_nzLen n‘[b, . This results in
‘ Ry ( < L Y :
L % ch !

.subuie;f “o an opporftuniStic L’Aﬁcfinn).

2.3.6 Explain the importance of a fever in reducing the spread of the Influenza virus. [3 marks]

o e l
t ~ ' g LC 4 ¢ . N ) ‘ g
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2.4.2 Explain the purpose of the inflammatory response. [3 marks]

The ¢ e b
c L. . - - . .
~ v
L wa ( /

2.5 Explain, at a cellular level, the stepcs?leading to an allergic reaction in James. [4 marks]
(DAt first ex

'WJL%MW_&JE[D?
| 4 [ 4o | ) ! S@ 4 spe A . s -

> ol -—

7 - this e ( .

L g € antibo H

Extension notes:
® Below is a diagram of the steps of an allergic reaction:

Cross-linking
Antibodies /of allergen
/ Allergen \
@ @
\B . T ‘e «— Histamine
cel

Mast cell

® Cross-linking causes gross exaggeration of the immune system, leading to an even more exaggerated
response that can commonly progress into anaphylactic shock.
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2.6.1 Describe the role of mast cells in the migration of leukocytes. In your response, identify what
chemical X is. [3 marks]

a 3 y ch
km&l.aﬂnuf_éboi_zmdwe_wﬂﬂ,_'&m_élm

. . -

P

2.6.3 Describe how the neutrophil will respond when in the presence of the invading pathogens. [2
marks]

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

2 T ; i - PN
i, g : ;

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

Extension notes:

@This is referred to as an autoimmune disease. An example of an autoimmune disease is multiple
sclerosis, whereby immune cells of the body attack and break down neurons (specifically the myelin
sheath, which is a protective coating surrounding neurons)! This means that communication between
neutrons and muscles is impaired, which can lead to muscle weakness and fatigue.
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3.3 Describe the role of mast cells in an allergic response. [2 marks]

Lo E antiboclies PP he

J:b_ﬁL_a,Mmaﬂoh_ﬂh_diSwe Lling
\/

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

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

MLMLaMMMM%Jﬁ

antgln= presenting cells
v 4

Extension notes:
@ Note that red blood cells lack a nucleus and hence, will not contain MHC 1 markers.

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

A - : cilitate T=1

Extension notes:
@ Other examples of cellular pathogens include Staph aureus and Strep viridans.
Other examples of non-cellular pathogens include SARS-CoV-2 and HIV.
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4.1 Define the term ‘lymphatic system’. [1 mark]

.

S

o . & 3 6 o

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

Card:

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

v 4 7 e D
.
—————— ——————
i Vrbdonw de MQigEe =y :tAe ‘f‘Aumug
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4.7 Describe how the lymph system assists in antigen recognition. [3 marks]

Extension notes:
@ Humans have over 500 lymph nodes that are distributed throughout the body - these lymph nodes
help to filter excess body tissue and are the site of specificimmune cell production.

4.8 Describe one structural feature of the lymphatic system and explain how it assists in its function. [2
marks

n'2——P‘L‘'\’—e—ﬂ—"-'—e—aﬁ—‘ﬁ“L‘ﬂ__———-Et‘-_'".t. ’ ;?1 : £
e dhe hackdl £ ( 2 L1 T

Elsna].

Extension notes:
® Cancers tend to metastasise (spread) from tissues to lymph nodes. Interestingly, cancerous lymph
nodes are non-painful.

4.9 Explain why this has occurred. [2 marks]
The swelling® (s olue to +the proliferetion of (ymphocytes
- A 0 . - . .

' L

e i s o tnnly oot infacti

Extension notes:
@ The swelling is due to the increased migration of immune cells to the lymph node as well as the build
up of cellular and harmful waste.

~ LA

4.10 Describe how the lymph system assists in antigen recognition of the Leptopspira bacteria. [3 marks]

MHC 2 nrarkers. [he mactnpéaje then tHravels via the
[ L g s . il T-helpe
cell [in order to activate i'l:)
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5.1 Explain how clonal selection and expansion contribute to the adaptive immune response. [2 marks]
C( / / L L i [ } te s 5 é : L)
Clonal ex pansion s The prall lomn X A
gﬂ 5 - ~7

7 7 o

5.2.1 Name and describe one adaptive pathway that can remove cancer cells. [4 marks]

The humoral response:

e

D 4 ” e B galy : i .
. t . -'

MM_A&MM
&y_fﬁlﬁ_tb_xtmiaﬁ_he_b_%&&ﬂl_‘ﬁn_au&%a__
clonal exp ‘on = proli X elffer ‘otz

& . i - e

Extension notes:
@ The diagram below displays the humoral response to general pathogens:

Antibodies

D

Pathogen 4
antigenic ) Plasma B
fragments Naive -
\ B cell Helper T cell
%
.- 3
.

I
<2

presenting
cell

Memory
Cytokines B cell

® Memory B cells proliferate into plasma B cells that will produce specific antibodies - these antibodies
will bind to the same antigen that once triggered the immune response.

© JGJ Publishing



111
5.2.2 Name and describe another adaptive pathway that can remove cancer cells. [4 marks]
The cell-meoliated respanse :©

MM%&L%Q—NJM—L

: =
- { ( .
. . . [4 —c
h -
: ‘L -cells ;
. — T— " J
L ) Cytotoscic T ce Y
e
0}
ry 1

mm%%g
Extension notes:
@ The diagram below displays the cell-mediated response to general pathogens:

Pathogen

antigenic Cytotoxic T cell

fragments

\ Helper T cell
%
’ &
Antigen
presenting \_/
cell Granzymes

Cytokines

@ Note that the same general pathway of cell-mediated immunity applies to cancer cells as well as
virally-infected cells!
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5.2.3 Explain how both pathways can prevent the same type of cancer cells from growing. [2 marks]

feal e s
o ; ctio ; On the
T-rmemory cells, wihen it next oletects +he cancer

~N

cell Qb!él.aehi (t__wal L launch o éa;é; anrd nacre
&l y e cCcancer Y

T -~

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

Secondary
IMmmune

KesPonsﬂ

Primary
immune
response

Concentration of
antibody

Time

Extension notes:
@ When completing the graph, you should ensure the following:

o that the shape of the primary and secondary immune response is almost identical

¢ the secondary immune response has a steeper gradient and larger response

e the concentration of antibody at the end of the secondary immune response never falls below
the level at the beginning of the response.

6.1 Distinguish between natural and artificial immunity. [2 marks]

e cc -
-Eg !- . : ! :*g. . !
e e D
~7
. . O « . .
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6.2 Distinguish between active immunity and passive immunity. [2 marks]

6.3 Complete the following table, classifying examples of active and passive immunity. [4 marks]

Method of acquiring immunity | Active or Passive and Natural or Artificial?

Vaccination . " 5
A z:'b;:é‘g.' clal Active

Catching a cold

Injection of antibodies ﬂ IQ cal E .
Consuming breast milk A o £ ' P »

6.4 Describe one advantage and one disadvantage of active immunity. [2 marks]

ne 8 3 h

© JGJ Publishing
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7.1 Explain how global travel increases the risk of infectious diseases emerging in a population. [2 marks]

Extension notes:
Q@ Alternative factors that increase the likelihood of the spread of pathogens include: long-distance travel
and increased population density.
@ This question can also be answered with reference to:
e behavioural factors: level of education, personal hygiene
e environmental factors: swampy ground, temperature, sanitation and sewage treatment

7.3 Explain why people previously unexposed to particular microbes are more susceptible to becoming ill
after exposure. [2 marks]

(Y ; : .
. . . . sp 2 )
~/
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7.4 Outline two ways in which Aboriginal and Torres Strait Islander people’s health may have been
negatively impacted by colonisation beyond the introduction of new pathogens into the environment. [2
marks]

Extension notes:
@ Another point is that the introduction of new food groups and diets may have increased the risk of
development of chronic diseases.

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

| infecteo! inolivicluals).

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]

7.6.2 Explain why this approach was unsuccessful in isolating the SARS-CoV virus. [2 marks]
IZ\_G SARS - CoV virus ic -

[ r

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

. 3 - . -

on o nore ;)C-e_%u_eni-

of oliseases betweer countrles.

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

(-] (-9 l

Extension notes:

® When a new pathogen emerges, there is no pre-existing immunological memory (no immediate
immune defences) against this pathogen. This means that every individual is more likely to be
susceptible to infection 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 multiple continents to be classified as a pandemic.
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)
8.1.1 Explain how culturing of pathogens on agar plates can be used to identify specific pathogens. [2
marks]

mwwifﬁrw@m
§ /4 !@ ,gg f E og E
agar pl

Au:b:LEbJ"—Ag-at—PLﬂiii)—ﬁ—Q—A__LS;&S—tAﬁ—gﬁa_wﬁ‘.

(e} Ae

letermine tk%ﬂ%@n.

Extension notes:

® Pathogens can be attained by mouth swabs!

® Note that this process can be quite lengthy and cheap before results are obtained compared to PCR
which is more expensive, but faster!

8.1.2 Briefly explain the steps of polymerase chain reaction and how this technique can be use to identify
pathogens. [3 marks]

Extension notes:
@ See question 10.1.2 from AOS1 for an explanation of the steps of the polymerase chain reaction.

© JGJ Publishing
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8.2 Explain two adaptations of bacteria that enable it to evade host defences. [2 marks]

Extension notes:
@ The diagram below displays the adaptations that bacteria possess to enable host defence evasion:

Transposens are ‘jumping

genes’ that can move

Flagella for motility to evade from one place in the
host defences cell’s genome to another.

Transposens can carry

antibiotic resistance
4 genes.
—

/\—f

Capsule allow bacteria to stick
together and avoid host defences
(prevents phagocytosis)

Adhesin (fimbriae) molecules are hair-
like structures that allow bacteria to
adhere to cells they wish to infect.

‘Sex pili’ can transfer
DNA between bacteria.

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

- . .é

Extension notes:
@ This increases the chance of a disease spreading from person to person.

© JGJ Publishing
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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 effective. [2 marks]

QEdggagagn arcund hand ég#é_e_ﬂ_e_fﬁsb_ﬂl:.?_&es—PE&Laz\_‘t_

viD- 2 c

——eeee— —

j.nﬁ_c_f:ﬁnl Surfnces .

A w . L. g ! Ty le
: s W E . £ £ "
ﬁ:am_ﬁx_AaLQaL_Pnrﬁ'cles

Extension notes:

@ QR codes for contact tracing is also a suitable strategy that can be outlined here - the location of an
infected person at specific points in time can be mapped out to determine infection sites and individuals
near the site of infection can accordingly quarantine.

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

8.4.3 Explain why wearing protective gowns and masks is not completely effective when preventing the
spread of COVID-19. [2 marks]

CoviD-19 /s W&%A_Mm%_j_a_

- - -~ O _I
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8.5.3 Developing training programs. [2 marks]

Py s o .

- . . o ’7¢=m

: " by o o ol

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

c

9.2 Describe the purpose of vaccines. [2 marks]@

The purpose «f vaccines is Tn prooluce fnameunity o a

Extension notes:
@ Fun facts:

e 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).

e The hepatitis B vaccine is given to children immediately after birth (within 24 hours for the
greatest benefit)!

© JGJ Publishing
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o
9.3 Explain how vaccinations generate immunological memory to specific pathogens. [4 marks]

Mﬁd%cm@%&gﬂ&d—m—%—m
g of i) o] Y e (DA sngeil
v B E‘t e ie tée § -5. ;é‘ g!! ‘:! ﬂ spe “.
. R 1y 4 [ ! ( . . Li L. L

LM&#M&%MW(J o _stroncer , Foster |
<~ = 7
_tD_tA_ﬁ_&am_ﬁ_P.gliAﬂﬁPh occurs

Extension notes:

® Note that the response of a patient to the antigen in the vaccine is the humoral immune response! For
a refresher on this topic, please visit question 5.3.1 in this AOS!

® The reason why the pathogen is attenuated is to prevent disease from occurring in the vaccinated
patient.

9.4 Identify two reasons why a mother may choose not to vaccinate her child. [2 marks]

The short—ter y : s
a needle (s 1 Vacc( Y
c cal ‘efe.

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

© JGJ Publishing
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@ @
9.6 Explain two health-related impacts of implementing vaccination programs. [3 marks]

Re L L cal &
. . L ’ a
E ; ! - v - E‘ . . ﬁé ! ltf:l tbﬁi
clisease
T X L : ceination
t L ! / B o, £
» + X L e P = ¥
1 ; ho » unaLLi
v . t o . .

Extension notes:
@ Another advantage is that it reduces bacterials and viruses developing antibiotic and antiviral
resistance respectively. This is because there is reduced overprescription of these medications!

@ Note that vaccination programs targets communicable (infectious) diseases rather than non-
communicable (non-infectious diseases) such as obesity and diabetes.

9.7 Define the term ‘herd immunity’. [1 mark]

T - ot Han

9.8 Explain how vaccines can be used to achieve herd immunity. [3 marks]
Jla_ﬁ_g_in_e_s_e_Aa_A_Lu_s_iqni'A‘canf Cinough perce ntg‘7e of
~ v 7/

Pore Severe Conseoueénces of (nfection
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9.9 Describe two features of an effective vaccination progranc?. [2 marks]

0 g E £ flo c 4o 5 x B r at
- A o ccing (S ac:ess"ble %o EEEE;EEEQ (alL
ities). The : £ ) £ fonul

Extension notes:

Q@ Interestingly, polyvalent vaccines combine multiple antigens from different pathogens into a single
injection! This reduces the costs of extra healthcare visits and reduces the costs of stocking and
administering separate vaccines.

9.10 Explain how opposition to vaccination programs poses a challenge to the development of herd
immunity in a population. [3 marks]

. . L he thogen

E e ! ﬁ:nl i ﬁ‘tgd to healtbhy individuals :
Mﬂ%&%@ﬁ&w

(< “u

—_—

O° (-] o
_tAe__gP_e ¢ iﬁL lba+[\ agen

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

! : [ TV, TTT T T P

MMWJLM_%_@_&%&_

parent R cell.

10.2 Describe one advantage and one challenge with the use of monoclonal antibody treatment. [2
marks]
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10.3 Assuming that antibodies created are derived fEBm a mouse, explain how monoclonal antibodies can

be developed for the treatment of cancer. [4 marks]

Th Mono = l ) 3 n

Extension notes:
@ Below is a diagram displaying the process of creating monoclonal antibodies from a mouse:

@ This treatment exploits the specificity of antibodies.

© JGJ Publishing
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10.4 Describe two ethical issues associated with using animals to create monoclonal antibodies.

@ e ris r = ¥

antiboelies are often not Ann_hm_é_eﬁ.:e_'&_:_ﬁztj_m

sSynthesis.
v

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

g 5 . !.E E - (- ! ° é.g Eé!
. DAY l ™

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

- - . - . L]

. " [ /1 ; b ach
foruardds  these nisidentifed self cells

10.5.3 Explain why it is difficult to diagnose and treat autoimmune diseases. [3 marks]

M@L&w&d_&&&md) +tisswues.

10.6 Explain why immunotherapy is considered a type of biological treatment. [2 marks]




10.7.1 Describe how monoclonal antibodies are administered to patients. [1 mark]

VP Y PTETT T R —r :

a 5%‘55'9?5 as a oelivery sysStep
J J

10.7.2 How will the cellular effects of the monoclonal antibody change as a result? [2 marks]

_ﬁnm_mulgm[_aniiha.e@__tb_&m o)
1 J7
10.8.1 Explain why this may help to minimise the side effects of chemotherapy drug. [1 marks]

= e i =

c (4 . .

[ ! ! ! e !L - ! ‘ ‘ [ . . . 0} ( E !
10.8.2 Determine what actions the now naked monoclonal antibody may perform. [1 mark]
MMML_gg_ﬁuﬂmr_cﬂL

T U V L
10.8.3 Explain why this is the case. [2 marks]
Cancer cells are mutated versions Q;é orig g'ga( L, Once —
Aea lthy c e_L_L.L_&Qmﬁ_D_L'tAL&b_tLﬂ.&S_MAj_nALAﬁ_\LE_'
—F nol
rutated tArog?A cancer D,:Q‘?Eess[on Al an ,5‘3 *+h ot
c ell : t

a 2 ce N LL
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10.8.4 Explain why this tag may be useful in the detection and treatment of cancer. [2 marks]

T , 7  bodd 11 _bind % P [
‘;Qmplemgntacjf cancer cell antigen — where the cancer

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

L - 0 . - e - -

4 -

L'n‘p[ggm ation . pre ngt"n.7 munheclssa f;, ;’nqgcma Yilon o mel

10.9.2 Explain why this may be the case. [1 mark]

I "C c Soe( 3 n ammation i ﬁ ver A_"

e>xctensio

IL—E g ! . - Et t' ‘-c‘ - ‘E!Eg. - t
in__the recovery process of infection

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

/GY\+l‘aeh El.ﬂ d",\a
Site

—"‘M°“°C’Dr\a\’

“h"'ibodﬁ
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Solutions: Unit 4 AOS 2

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

[he gene pool refers to the Suim Fotel of all the
genes andd their alleles in a papulation

1.1.2 Define the term ‘genetic drift’. [1 mark]

o irection.

1.1.3 Distinguish between the terms ‘gene flow’ and ‘genetic drift’. [2 marks]

Q
1.2.1 Explain how the ‘founder effect’ can reduce genetic variation in a population. [3 marks]

IAf_f_q_m.Ler gfﬁc't cm%hww

Extension notes:
@ Below is a diagram explaining the founder effect:

Founding population

Small group becomes less
migrates from genetically diverse
original population over time

. ] Founding population
Original population
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1.2.2 Explain why the frequency of a specific mutation would be higher in the founding population
compared to a parent population. [2 marks]

. t . B
< -+ o —
. » .t. . S a

1.3.1 Explain how the ‘bottleneck effect’ can reduce genetic variation in a population. [3 marks]

Extension notes:
@ These changing conditions are called selective pressures.

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

lMmove amno catcl prey
! J

Extension notes:

@ This question 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 generation. However, you must remember
that sexual selection (irrespective of the favourability of a trait) plays a role in determining the
frequency of a specific allele.

1.6.1 Identify the phenomenon that best describes the movement of P. infestans from Mexico to Europe.

[1 mark]
Eouncler effect

1.6.2 Comparg)the likely genetic diversity of the P. infestans populations in Mexico and Europe, and
explain why this would be the case. [3 marks]

L . . .

Extension notes:
@ Note that if you are asked to compare the genetic diversity of two populations, you should first state
which population is less or more genetically diverse before explaining the reasons for this!

© JGJ Publishing
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1.6.3 Identify and describe two consequences of lowered genetic diversity. [2 marks]

lection DMALLMMA‘M

1.6.4 Outline one method to increase the genetic diversity of a population. [2 marks]

1.7.1 Explain the bottleneck effect and its impact on the genetic diversity of the population of black
robins. [4 marks]

Extension notes:
@ The ‘natural disaster’ here is the introduction of a new species that perhaps competes with the black

robins for resources or preys on the black robins as a food source.
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1.7.2 Describe one benefit and one risk of human intervention to encourage breeding and population
growth after a bottleneck like that of the New Zealand black robin. [2 marks]

1.8.1 The population must be small. [1 mark]
1.8.2 There must be no mutations occurring at all. [1 mark]

False

1.8.3 Natural selection must not be operating on the population. [1 mark]

True

1.8.4 There can be immigration but not emigration. [1 mark]

False

1.9.1 Define the term ‘mutation’ and outline one cause of mutations. [2 marks]

- . . . N
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1.9.2 Explain how point mutations are sources of new alleles. [2 marks]

Extension notes:
@ This new allele can either be advantageous (favourable) or disadvantageous (unfavourable) for the
particular organism’s survivability and reproducibility.

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 mutation and outline the potential effect on the resultant protein produced. [2
marks]

4 <ilent oty - my Ele ot Y
)D_z:n:l:e_ln_lncnnLu_g_egl

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

Ae Nnon— '[’Hu ctional

1.11.1 Using a codon table, write down the amino acid sequence coded for by this DNA sequence. [1

k]
mar ot — l

o -

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

© JGJ Publishing
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1.11.3 Explain the effect that this mutation will have on the structure and function of the polypeptide. [3
mark]

é&%‘fb car»-:/ out Uts ')Cnci-[nn
?—————-———-

Extension notes:
@ Remember that the primary structure refers to the linear sequence of amino acids that make up a

polypeptide chain. The primary structure is largely responsible for the shape of the tertiary structure.

1.11.4 Assuming that the protein produced as a result of the mutation is functional, describe the effect
that the mutation will have on the genetic diversity of the population. [2 marks]

If the : ;
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o
1.12 Explain how evolution by natural selection brings about phenotypic differences between species. [3
marks]

di_ff_e_nin\.?__AL/\a\fim Uur.s

Extension notes:
@ For all natural selection questions you should use the following template:

1.  Phenotypic variation in relation to [insert phenotype] exists within a population of [insert
species].

2. [Insert environmental change or selection pressure] acts as a selection pressure on [insert
species].

3. Organisms possessing [insert phenotype] trait are at a selective advantage - these organisms
have a greater chance of surviving [insert selection pressure] and passing on their favourable
alleles to the next generation (offspring).

4.  Over time, the allele frequency of [insert phenotype] increases such that more individuals
possess the advantaged trait.

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

. l.
—f—
————
. 1Y .

&

N 3 :

i . c a
be sustained.

Extension notes:
@ The carrying capacity refers to the number of organisms for a particular species that the environment
can sustain (‘carry').
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2.2 Complete the table below, identifying whether or not the below factors increase or decrease genetic
variation. [4 marks]

Factor Increase or decrease in genetic variation?
Artifical

Decreacse
Selection

Migration Z ncréaseé

Genetic drift De crease

Mutation :E ease

2.3 Explain why offspring are not genetically identical to their parents. [2 marks]

Ofﬁ:g‘pg[e? o# ,.texgaz Pepmg‘ggfign are pggdg;ed ?Qggy_\
é {agal (e ©) T, E L4 e
ha_Lf__tALaiLLLe_SEf ;ﬁ-am e_a_CA_a#tA_e_LL_P_GLe_n_tS_.__

c n
;_Ammg_s_ng.r_n_#'ﬁAL_o_ffgp.:Lng._mLueLL as
¥ . ‘e c +fon

Extension notes:
@ 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.
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2.4 Explain how inbreeding lowers the fitness levels of populations. [2 marks]

[ of £itness (n these inkbkred

| s e

popu latiaons

Extension notes:

@ Inbreeding not only limits the number of useful traits to naturally select against, but can also amplify
harmful and unwanted traits in the population. Inbreeding was common for certain royal families and a
prime example of a harmful trait is the ‘hasburg jaw’, which was characterised by a bottom jaw that
jutted out, and prevented the user from chewing properly.

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

2.5.2 Identify two strategies that can help to increase genetic diversity in critically endangered species
like the northern elephant seals. [2 marks]

gLe,oiuan:t-_seals.
mﬁbgm_alzfl.mi'_&zals.

2.6.1 What evolutionary mechanism has caused a higher incidence of fumarase deficiency to occur within

this population? [1 mark]
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2.6.2 Describe how this mechanism has caused this to occur. [3 marks]®

L m rs nf +he

Extension notes:

@ Below is a simplistic step-by-step approach to explain the response:
o A founder group is formed from the original population
e Members of the founder group reproduce
e The frequency of specific alleles will increase

2.6.3 Which organelle does this genetic condition most likely affect? [1 mark]

The mitochondria

3.1 Explain the purpose of ‘selective breeding programs’. [2 marks]

re

3.2 Identify the selective pressure in selective breeding programs. [1 mark]

lo_selective breeding pragrams . the breeder (human)
acts as the selective pressure
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3.3 Describe one similarity and one difference between natural and artificial selection. [2 marks]

i bavp ; ¢ entd

that are selected for provide the organism

a r
: : ‘e -fc-éness

3.4.1 Explain how domestic dogs can be selectively bred. [3 marks]

. - L “ . - - E » !! E ! Et
of olomestic ologs sSuch that Some are more

["4

them mmore aesthetically appea [ ing

3.4.2 Describe the effect that the selective breeding of dogs has on the gene pool of the domestic dog
population. [2 marks]

.P.n,o.ul_afian ©
Extension notes:
@ All the dogs will become genetically similar (less genetically variable).
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3.4.3 Explain two ethical issues associated with the selective breeding of dogs. [2 marks]

3.4.4 Explain two reasons, except for aesthetic value, why individuals want to selectively breed dogs. [2
marks]

an__m;nn_thﬂmi_@_a@gj_uanf =) S‘Ple_c_timiéy—
-+ = -

e

(olccilel glg‘?s‘_ “ prevent biting
J

AON—AQaFe SSIve
Vv

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

o r. -
[de_htéélé'ﬁé and breol with each other , such t+hat their
cr
s — nfsﬁ.)

Extension notes:
® Plants with the desired traits are then interbred again.
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3.6 Describe how phenotypic differences in two unrelated species would prevent them from producing
offspring. [2 marks]

L (L .
& Nalol
[=) ¥ .
- J
. . o
3 =) l 4 5
MLM_Q%_Q_&MS—#_M_AQ?A_A_LE +o

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

IL_G_PLD_G_&S_S_D_#%QA;;A_L_LE_L_&Lﬁ:QHQ acCurs

Extension notes:
@ For all natural selection questions you should use the following template:

1.  Phenotypic variation in relation to [insert phenotype] exists within a population of [insert
species].

2. [Insert environmental change or selection pressure] acts as a selection pressure on [insert
species].

3.  Organisms possessing [insert phenotype] trait are at a selective advantage - these organisms
have a greater chance of surviving [insert selection pressure] and passing on their favourable
alleles to the next generation (offspring).

4.  Over time, the allele frequency of [insert phenotype] increases such that more individuals
possess the advantaged trait.
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4.1.2 Explain why these new strains soon infected a larger proportion of the population, compared to the
old strains. [2 marks]

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

Extension notes:
@ A link between altered nucleic acid and viral antigens must be made!

4.2 Explain why new strains of bacteria spread rapidly in populations. [2 marks]
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4.3.1 Define the term ‘antigenic shift’ and explain the consequence of viruses undergoing antigenic shift.
[2 marks]

s+ p & ; E Lhei g c *
ﬂLm_h_M_%_uiﬂm_ﬁein P

4.3.2 Define the term ‘antigenic drift’ and explain the consequence of viruses undergoing antigenic drift.
[2 marks]

the Lo ) ver
- ¢ L wve c S < 3 +=
Lon
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4.4.1 With reference to Darwin’s theory of evolution by natural selection, explain how MRSA bacteria
have evolved to become resistant to antibiotics. [3 marks]

@Th; . s tibint: - - | ats.

% 3 Th 3 s

4.4.2 Outline one method to reduce the development of antibiotic-resistant strains of bacteria. [2 marks]

the antibiotic.

Extension notes:
Q@ Efficacy refers to the ability to produce a desired result.

4.4.3 Explain why it would be infeasible to create new antibiotics to reduce the spread of MRSA. [2
marks]
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4.5.1 Draw and annotate a diagram that shows how antigenic shift may occur in virus particles. [3 marks]
e -

HOST CELL

infect host cell
and ah{:tsen

% Both viruses

exxc kaus e pecurs ¥

* New virus has

( antigens from both
) | and 2 ¥

virus

Ny

4.5.2 Identify whether antigenic shift or antigenic drift is a greater challenge against treatment and
immunity, and explain why this is the case. [3 marks]
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5.1 Define the term ‘palaeontology’. [1 mark]

P [ W, A ] » ol ‘g L i £ b’
n_a_d__élg% of Yossils.

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

& :/ > [ . . . 3
agganism of the past

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

ree—————

oy de  ind g oy .
Lived and body fossils provide infarmation abaut the |

Structure n'f an %&ﬂ

5.3 Explain why the fossil record is incomplete. [2 marks]

T '3 ;[ { is i [ “@‘ not [l _[l: o

nLLs_a.u‘:ac.:_s_uAJ.‘__eau:tA%a_aées Y.
4
Extension notes:

@ The conditions required for fossilisation are quite specific and also rarely occur successfully, which
contributes to the incompleteness of the fossil record.

5.4 What is the term used to describe dating methods that make use of radioisotopes such as carbon-14?

Abiogggg,ggﬁnﬁ*
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5.5.1 Determine whether it is possible to establish the age of the fossil using carbon-14 dating. [2 mark]

: 5 ikl

e . e . !! E .l E .( !. !L

means of cating (it.
J

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 section, which section would have the oldest fossil? Provide a
reason to support your answer. [2 marks]
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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 satisfy in order to be classified an ‘index fossil’. [2 marks]

@Tkej must be abundant.

@Tl—\ey must be e.as..‘L_gj tecgg.ni,SgA__Le

5.8.1 Low oxygen levels. [2 marks]

Extension notes:
@ High oxygen levels may increase the decomposition (decay) due to the presence of aerobic bacteria
that will decompose the organism. Aerobic bacteria will not be present in aerobic environments.

5.8.2 Lack of scavengers. [2 marks]
@

o : r h remains af
ne L X th asc
< Ky +h

MMWSLL&Lai-CQn .

Extension notes:
@ Scavengers, such as vultures, are attracted to the smell of decomposing organisms (these organisms
release specific chemicals when decaying).
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5.9 Explain why the most common fossils found are shelled invertebrates that existed in an aquatic
environment. [2 marks]

ed ¢ re_m kely o fossilise
to { a outer shel
rmore c ke tur ‘nto ; Les roc 7
g 3 f el é
o + : Sal : tes

LM_MM_’JM_M&_QL&_E_LM—

. +o c e
; s bei -/;SSL(.CSQJ.

5.10 Describe the specific conditions that would have to occur in order for a terrestrial animal to become
fossilised. [3 marks]

. ; ; - ol

3.

beried ) ool £ / ! o om (o
Qb%
® Over millions of years , more [ayers build and
. s dkos ” tbe . . .

) : w T, L : /

O] Erosion then occuy LL_'@——G-LLO—N_E-QDA_HL&—Dﬁ—tA-e-
remains of +the anitaal.

5.11.1 Explain how ‘relative dating’ can be used to establish the age of a fossil. [3 marks]
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5.11.2 Outline one advantage and one disadvantage of relative dating. [2 marks]
Aetugen_eLi_fﬁ_::e_ni-_Fn.PLLaf ions.

5.11.3 Explain how ‘absolute dating’ can be used to establish the age of a fossil. [2 marks]

A " : : ) -
. f - . . .
L o 1+

5.11.4 Outline one advantage and one disadvantage of absolute dating. [2 marks]

5.11.5 Identify two differences between relative and absolute dating. [2 marks]

(D Absolute clating provides a precise age for the
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5.12.1 Explain why the wooly mammoth was found in a well-preserved state with little evidence of
decaying. [3 marks]

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

Auh\ahs.

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

AM%&WM%W

& . . la

T

&MM@ML&LM%LQ;‘.
s_lagsLﬂJ:_'l:LS___&_g_{ or organs.

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

of organiSmHAS.

6.3 Define the term ‘speciation’. [1 mark]




6.4 Define the term ‘adaptive radiation’. [1 mark]

6.5.1 Explain what happened to the rabbit population on the left side of the river. [4 marks]

ﬂ . . !0 .!E. t!g ! E. -!! E

. L 'é"

¥ R

selgct‘.nn pressure (g appll'ed tn__the ‘IAD—M nf
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6.5.3 Describe the process of allopatric speciation with relation to these rabbit populations. [3 marks]
The » f L [ b ‘o «o £
the Qt“?ibgl PO L lation of rabbits inte +two
5o .y, ( L g , T !
populations were subjected to oli fforent selecticn

ofLspring.
a7 7

Extension notes:
@ Examples of geographical barriers include: shifting mountains, rivers and changing environments.

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

‘L e T e wmadogm. g E .

f:_k:n_&in) .

6.6.2 Identify the correlation between BMP4 activity and beak size in finches and explain the significance
of this correlation. [3 marks]

Ibﬁﬁ%ﬂ%ﬂ% RMP4E
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6.6.2 Explain why mutations occurring in the BMP4 gene can quickly create a variety of phenotypes with
regards to beak shapes in Galapagos finches. [3 marks]

As o master regulatory gene , the Bmp4 gene is akle
b o g g .

ol i fferent niches (aolaptive radiation)

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

Hgmdnﬁg_&s_m_:iam

6.6.4 Explain the conditions that are suitable for the finches to undergo speciation. [2 marks]

ical
LQEE!'EE andl Aencg z 'p‘:gzggt,{ gghg '[\[nw. DL‘.'%_CE.&;_

speciation.
7

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

* . .

——

... & § 2 3 i 7

.P.E.ESSMV&S.

6.6.6 Name the process that allows for the accumulation of differences between populations of finches.

[1 mark] .
Naoatural selection

© JGJ Publishing



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

155

Extension not

@ For all natural selection questions you should use the following template:

es:

1.  Phenotypic variation in relation to [insert phenotype] exists within a population of [insert

species].

2.  [Insert environmental change or selection pressure] acts as a selection pressure on [insert

species].

3. Organisms possessing [insert phenotype] trait are at a selective advantage - these organisms
have a greater chance of surviving [insert selection pressure] and passing on their favourable
alleles to the next generation (offspring).

4.  Over time, the allele frequency of [insert phenotype] increases such that more individuals

possess the advantaged trait.

6.7.1 Explain what key features result in two populations being considered different species. [1 mark]

c

v

o{\f:s prlnq .
7

A

6.7.2 Identify the process through which the two species of Howe plants would have developed from

their common ancestor. [1 mark]

S
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6.7.3 Explain why the process identified in 6.8.2 is less likely to occur then the type of speciation in which
populations are geographically isolated and name the process that occurs when different species develop
from geographically isolated populations. [3 marks]

— = Samée
. . . : . 9
1 S ation

Extension notes:
@ Note that geographical isolation results in a greater chance of encountering different selection
pressures.

o
6.7.4 Using the data from Figure 1, explain how the two species of Howea plants developed. [4 marks]

4

¢ o ¢

MJ%J%&M%JLMA'& oM<
I

Extension notes:
® Ensure that you use data in your response!

® 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]

. -
—
_L_&t&egn_aiiﬁétent_ﬁofu;lnﬁuj_aﬁ_&au&a_,&[@nﬁc
A
.
|74
== ) Pt s St Sy
-, — a ol-Yo X WM~ D M 0 1oL DL an al~ - )
< - - a e Lo ~W-Ye = = = - D = DO -
- Y
Al NE - 1 D €0 ' A LT N a D & » = - .~
[ferent SpE
- . . 2
Vi
~H
~ .
. . - -
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7.1 Define the terms ‘analogous structures’ and 'homologous structures'. [2 marks]

M_#Muhamw,éuf

Aﬂu_di_ﬁﬁgh'f :Ahetl.nm.f

7.2 Explain how DNA sequencing provides evidence of relatedness between species. [3 marks]

Aifﬁwiuan_éagaﬁm@_&mr +inae "
&%LHMW_M_@WAL

clo + aniSms qpEpe

7.3.1 Based on the sequences of DNA listed above, draw a cladogram showing the relative genetic
relationship between the four species. [2 marks]

A B C D

7.3.2 Explain why this result might differ from that provided by the DNA sequences above. [2]
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7.3.3 Why can studying mutations within introns be more useful than studying mutations that occur
within exons? [3 marks

e * +

Extension notes:

@ Organisms that have had exon mutations may be unable to survive to pass on their mutation. However
since mutations in the intron sections of organisms are not expressed these organisms may survive to
pass on their alleles to the next generation.

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

The aniine _acid Sseqg MMALO#PEQ:&_E_L&_&O_L&LELLES_LQL_L_E_
¥

Extension notes:
@ This means that less time has passed to accumulate mutations!
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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]

i ke erateiad B E :
ok piaucte s adty alfBe by L el
. el -

uﬁegi;uLes_L_L&_u[y_aanuaﬁ_tLgieﬁg_ig_eﬁsA_Ms’i

7.6 Explain why using multiple different types of data can improve the reliability of estimated
evolutionary relationships. [2 marks]

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

AAaLo_jg_uLs_.:jr_u_chLe;_

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

Corvergent cvelo bion i T T,

structures between sharks anel dolphins. This

M%&x—im_ﬂw:ips.

8.1 Outline what information is obtained from analysing phylogenetic trees. [1 mark]

ﬁgm a recent coamron ancestor.
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8.2 Explain the relationship between branch length and species relatedness. [2 marks]

i

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

jmi_afgi_abd_mn_n_égus
J

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

m_df_r_-nﬁmaf apes.

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

T——— e e

a as : ; stors.

9.4 State two characteristics of primates that differentiates them from other mammals. [2 marks]

T i o s

@Foruuq_zd;fa_r_izy eyes
v
@ OlPIDoSaL le {‘Aumbs.

9.5 Identify a characteristic of hominoids that differentiate them from primates? [1 mark]

. 8, .

—— ——————
9.6.1 Pentadactylism. [2 marks]
. - =3
- - - - M W DO -~ W - = - - Ao h € A L2 2 P r AN &
L D - - N - - A - A L0 oy € -l e £ A L ey

Such as Fools or branches

9.6.2 Mobile arms. [2 marks]

M Eﬁ p because +he SAO.,lder Joints
v




9.6.3 Prehensile toe. [2 marks]

9.6.4 Being able to live in social groups. [2 marks]

! !I ‘ !! [ E- E -g .‘J é’ !. .[ !
. . [

|e kglgi;‘gn s alsa 7[c|cééitja_&al__téxzn1ﬁfn_cnﬂahm:ﬁr&u~

9.7.1 Having less body hair. [2 marks]

Tavies fon: Budy hnie =Tl Foo aZFiiea

9.7.2 Being bipedal. [2 marks]

9.7.3 Central foramen magnum. [2 marks]
lb"s fﬁc.‘L[ﬁqﬁ[ A"pﬁdali.ﬁm.
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10.1.1 Average brain size increasing. [3 marks]
/he ave rage A::am_.:_n.j-z_m_:_te_n_s_ed_;ée_m__is_o_cmg in ,

. 3 . (
%&M&%&J_emw.m_w__m
¥ 7 e Aam cninsS.

Q@
10.1.2 Average adult height increasing. [2 marks]

Extension notes:

@ A case could also be made that increased consumption 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!
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10.2 Explain the changes in limb structure that have facilitated an upright walking position in early
hominins. [3 marks]

e Ly ved ok obecioad
Lows #o use wreapons and the behavieur of prey.
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10.4 Describe one product of the cultural evolution of hominins that has led to increased genetic
evolution and decreased genetic variation. [3 marks]

. . . l. e,

10.5 Identify two differences that would be expected to be observed between a skuIIGc>>f Homo erectus
and a skull of Homo sapiens. [2 marks]

@ Would have more prominent brow rislges.

Extension notes:
Q@ If the question mentions a specific body part (such as a skull) ensure that you refer to features of that
body part - for example, do not mention the cranial capacity if the fossil found is of a finger!
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10.6.1 (A): The cranial capacity has increased. [3 marks]

Extension notes:
@ The frontal lobe of the brain is responsible for motor functions of the body!

10.6.3 (C): The supraorbital brow ridges have reduced in size. [2 marks]

10.6.5 (E): The size of teeth has reduced. [2 marks]

canct n

WMM_QLMJ s o;f 71(".—2 to

‘o mard ; ‘e r

10.6.6 (F): The foramen magnum has become more centrally located. [2 marks]
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10.6.7 (G): The jaw has decreased in size. [2 marks]

Ln_oLLe_tm—:y_A_n_Aii;;tAe_ﬁn_oI_eA_ﬁe_b_L_eMs <
LWL%MM%M

M_onk ';)Qna/

10.6.8 (H): The strength of bones has reduced. [2 marks]
lg sS [:ng'ggcg on /\umen.g b possess é‘gE£$?é ﬁ;

c c 1 rc

Crilial, B o | 4 -l E : / [

10.6.9 (I): The shape of the spine has become more ’S-shaped’ and less ‘C-shaped'. [3 marks]

(bnuckle walking)
Jl

10.6.10 (J): The pelvis has become shorter and more bowl shaped. [2 marks]

Ibz_,lef_zix__b_as_bw Shorter QM_MLLL__A__M_
& !,! & ; [ ™ é; Nie N

bjfgd.al_mo_zzm_enf-

10.6.11 (K): The carrying angle has increased. [2 marks]

MWW@%&W&MM

m@%&iﬂnuﬁ_%mm

N Lo o iaht. The Loy Y il
.&%b_ﬁf_g%%wuﬁ—
we_mmaﬂg__ﬁz__hadﬂ_uw%.—_
ﬂgmba_mﬂ_azzﬁg#é%%a_nd_fmg@m%
bipeolalism,




10.6.12 (L): The leg length has increased relative to the arm length. [2 marks]

10.6.13 (M): The toes of the feet point more outwards. [2 marks]

PR — : = TPTREC TR

o L =

11.2 State one reason for the extinction of H. neanderthalensis. [1 mark]

fﬂ_ﬁx_tib_gh:on_o_ﬁ_&_b_amwh S5,
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11.3.1 Explain how both statements 1 and 3 can be true. [3 marks]

Meanclerthal DA/A.

Extension notes:

@ 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.

11.3.2 Explain the reasons for statement 2. [3 marks]
S ’ o) o
L il - s 2 ki £ 1 o
< o of ; ¢ Abr. ( L / £/ |l
P [ it ” / boal i C A/ / eailid
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11.4.1 What testing can be performed to determine that Homo florensiensis is a new undiscovered
species? [2 marks]

#.S.SJ:LS_QJ‘LA_GJ__&AAAA_EE_ECé“S)#

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

12.1.1 Identify one strength and one weakness of using fossil evidence to track migration of human
populations around the world. [2 marks]

tha v occ 1 Aons

lal s b .55 4 oS ca [ b ol hits pind Lhe
&Amlaﬂ_a#aﬂ_ca:b_u_n#a_ﬂnimmﬁj i mot

;poss ble.

12.1.2 Identify one strength and one weakness of using mtDNA to track migration of human populations
around the world. [2 marks]

i&xa_'tn_i&LAﬁJAA_an_eljse
Iéggg s!gggﬂg I:_:'{ . +tati % + DA A AAD : ée

A at

MLM&_FMA_‘#—AW%Q*{BM A
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12.2.1 Explain the main principles of the ‘Out of Africa’ theory of modern human migration. [2 marks]

o — el o Al (fm X I

- o 8 P
‘sti Ak y uch
anol Homa neandderthalensis)

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

12.3 Explain the main principles of the ‘Multiregional’ theory of modern human migration. [2 marks]
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12.4 Outline one similarity and one difference between the ‘Out of Africa’ theory and the ‘Multiregional’
theory. [2 marks]

&Lms_ﬁ\ﬁ_ﬁlu_&icajim_al_fé.ﬂzy__s_taﬂf that
Huuﬂmx_ud&i_ﬁnm_diﬁﬁtﬁnf nog%la#.‘an:
laroune the iwuorlol at the same fime.

12.5 Explain why extracting mtDNA from both fossils would be more useful in determining relatedness
than extracting nuclear DNA. [3 marks]
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12.6.1 Using the above information, draw a phylogenetic tree, including H. denisovans, H.
neanderthalensis and H. sapiens. [2 marks]

ki S&PEQV\S H- ne anole‘erm[EhSiS H. ddenisovans

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:
@ This means that there will be less chance for mutations to accumulate. Thereby, leading to less genetic
diversity and hence, phenotypic variation.

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

ré - -
a ssociated with Swurviva l.

Extension notes:
@ Survival is associated with biological evolution.
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