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How to use this resource

Elements in the print book

Glossary
Definitions of key terms are provided next to where the key
term first appears in the chapter.

Explore!

Students are encouraged to conduct
research online to find and interpret
information.

Quick check

These provide quick checks for recalling facts
and understanding content. Cognitive verbs
appear in bold. These questions are also
available as Word document downloads in
the Interactive Textbook.

Learning goals
These are descriptions of what the student
will learn throughout the section.

These are short facts that contain
interesting information.

Science as a human endeavour

These are recent developments in the
particular area of science being covered.
They may also show how ideas in science
have changed over the years through
human discovery and inventions.

Section questions

Question sets at the ends of sections are categorised under five headings: Remembering,

Understanding, Applying, Analysing and Evaluating. Cognitive verbs appear in bold.

These questions are also available as Word document downloads in the Interactive Textbook.

Hands-on activities

Classroom activities help explore concepts that are currently being covered.

Making thinking visible

Visible-thinking-style classroom activities help consolidate the concepts currently being covered.

Practical/Investigation

These activities focus on developing science inquiry skills, including using laboratory

equipment. Practicals can be conducted within one lesson, while Investigations are longer

and cover more areas of the experimental design. These activities are also available as Word

document downloads in the Interactive Textbook.

Worked example

Worked examples are provided for topics that require calculations, or to reinforce important skills.

Shaw et al.
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End-of-chapter features

Chapter review

Chapter checklist

Success criteria Linked
questions

1.1 | can explain the choice of independent, dependent and controlled ' 2, 14b
variables in a scientific investigation.

1.1 | can refine a research question to target specific information or data ' 11, 14a
collection techniques.

1.1 | can assess the validity of an investigation by defining the terms 6,8
repeatability, replicability, reproducibility, accuracy and precision.

1.1 | can describe the difference between random and systematic errors, | 10
and calculate both absolute and relative uncertainty.

1.2 | can assess and minimise experimental risk. 3

1.2 I can apply skills in the use of specialised laboratory equipment, such | 11

as titration equipment.

1.2 | can explain the use of data loggers, models and simulations for 5
gathering reliable data.

1.2 | can describe the ethical considerations of using animal and human | 7, 14d
participants in research.

1.2 | can outline research design features that might be employed in 13, 14c
trials involving human participants that will increase the reliability and
validity of the findings.

1.3 | can evaluate the validity of claims in primary and secondary data. 4,9,12

Data questions

Applying

1. The table below shows the effect of changing the pH of a pond on the number of tadpoles
in the pond.
Table showing the number of tadpoles according to the pH of pond water

Number of tadpoles

pH of water Trial pond 1 Trial pond 2 Trial pond 3
8 45 44 43
75 69 7 0
7 78 80 81
65 88 85 &
6 43 43 43
55 23 24 >

a) Identify the independent and dependent variables in this study.
b) Identify the optimum pH for tadpole survival.
c) ldentify an outlier in the data.

r2 GENETICS y: DESIGNING AND PROTOTYPING AN ASSISTIVE DEVICE 117

STEM activity: Designing and prototyping an
assistive device for individuals
with a genetic disease

Research and feasibility
P

Background information
Whole body canbe
d

Blood brused sasiy.
effectivey

3 "
charscteritic that rlate to assisting people ing with

Design and sustainability
s

DESIGN BRIEF

ualty of e for people with the selected disese.
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Chapter checklists help students
check that they have understood
the main concepts and learning
goals of the chapter.

Chapter review question sets are
categorised under five headings:
Remembering, Understanding,
Applying, Analysing and
Evaluating. These questions can
be completed in the Interactive
Textbook or downloaded as
Word documents.

Data questions help students
apply their understanding, as
well as analyse and interpret
different forms of data linked
to the chapter content. These
questions can be completed
in the Interactive Textbook
or downloaded as Word

documents.

STEM activities encourage
students to collaboratively
come up with designs and
build solutions to real-world

problems and challenges.
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Links to the Interactive Textbook (ITB)

Vv —
v —

VIDEO WIDGET These icons Quliz SCORCHER Thesg icons
These icons These icons indicate Automarked Competitive lndlC?te
indicate that indicate that worksheets, quizzes can questions can questions

there is a there is an activities or be found in be found in can be )
video in the interactive question the Interactive the Interactive completed in
Interactive widget in the sets can be Textbook for Textbook for workspaces in
Textbook. Interactive downloaded every section. every chapter the Interactive
Textbook. from the review. Textbook.
Interactive
Textbook.
Overview of the Interactive Textbook
" > The Interactive Textbook (ITB) is an online HTML version of the print textbook, powered by the Edjin

Definitions pop
up for key terms
in the text.

Videos summarise,
clarify or extend student
knowledge.

Widgets are
accompanied by
questions that encourage
independent learning

and observations.

Practicals are available
as Word document
downloads, with sample
answers and guides for
teachers in the Online

Teaching Suite.
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# ’ platform. It is included with the print book or available as a separate digital-only product.

Quizzes contain

automarked questions that

enable students to quickly

check their understanding.

Worksheets are provided
as downloadable Word
documents.
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Genetics

=
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m peciytrat,

Extracting DNA from cells

Aim Wear safety glasses and a lab

To investigate and extract DMA from strawberries L, D Ot oS fod frems.

Materials

= plastic sandwich bag lor other material to contain strawberry and liquid)
 strawberry

« DMNA extraction mixture provided (10 mL)

# filter funnel and gauze (or other gauze-style filter)
= cold ethanol sobution

* test tube (or small beaker)

» stirring rod

« plastic pipette
DMNA extraction mixture:

= dishwashing liquid or shampoo (S mL}

o table salt (0.75 g}

+ water (45 mL)

Method

1. Wash the strawberry with tap water and remove the green leaves. Add the
sandwich bag.

2. Add the DNA extraction solution {10 mL) and close the sandwich bag, remaoving the excess air.

3, Squash the strawberry into the Bquid using your hands until the strawberry is roughly crushed,
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Workspaces enable students
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to enter working and answers

O e e e A EZ0  inthislessen
online and to save them. Input o s og. ... “_—lﬂl_a —
is by typing, handwriting and L e T
drawing, or by uploading - %Mm»wﬂw
images of writing or drawing. i T i EwamEEa A
Self-assessment tools enable — @
students to check answers, mark =
their own work and rate their ok LA

confidence level in their work.
Student accounts can be linked
to the learning management
system used by the teacher in
the Online Teaching Suite.

Overview of the Online Teaching Suite (OTS)

The Online Teaching Suite (OTS) is automatically enabled with a teacher account and is integrated with

the teacher's copy of the Interactive Textbook. All the assets and resources are in one place for easy access.

The features include:

o the Edjin learning management system with class and student analytics and reports, and
communication tools

o teacher's view of students' working and self-assessment

o chapter tests and worksheets as PDFs and as editable Word documents with answers

« editable curriculum grids and teaching programs

o teacher notes (including suggested responses if relevant) for Practicals, Try this, Making thinking
visible, Explore! and STEM activities

» adaptive tools, including ready-made pre- and post-tests and intuitive reporting.

Assessments [ coore 7o N R ) et ]
s i v wesge e e
Test ot Sman M, Vo ot assgned A L
Test Debra Wilson i Worten. Mot ssugned M NiA
Test ew test M, Vortes, Bt assigned A 7Y
Test Debra Wison e, Vornex et assgned WA LY
Test WA Year 7 Classification M. ortea Expred TR 0%
Test WA Year 7 Classification M. Wortes Expired S4% BOS
Adaptig poil-ent Scwencn for KW S 4 Chapoer I adapive post-aest - Reviseon e, Vorten Compieted 0% 00w
Adacive pre-test Scsence for KEW Stage 4 Chupter 2 adaptive pre-test - Revision M, Vortex Completed nn Toom
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Chapter 1
Science skills

1wt 4

Chapter introduction

In previous years, you have considered what science is and refined your understanding of the
scientific method. You might be starting to think about what your future holds, and that might include
a career in science! A key skill of a research scientist is communicating and publishing your findings.
Making scientific claims requires reliable evidence, which is produced by rigorous experimental
design. Scientific knowledge is refined over time through publication and the peer review process.

In this chapter, you will explore how scientists plan and conduct valid investigations using specialised
equipment. Advances in technology allow us to do more in science than ever before, yet scientists
must also consider the ethical implications of their work.




Concept map

Section 1.1

The scientific method gives a

framework for research Section 1.2

Section 1.3
and involves

Questioning Planning Process!ng,
and and modelling
predicting conducting and.
analysing
I I |
v v
Planning investigations Conducting investigations
« Refining the research « Specialised equipment and
question, variables and techniques
hypothesis « Risk management 4 Y
« Integrity of the scientific « Ethical, economic, legal and
method social considerations, and
implications

Evaluating Communicating

v

Communicating science

- Validity of claims and
evidence-based
arguments

« Practical reports

« Scientific posters
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Curriculum content

Questioning and predicting

investigable questions, reasoned predictions and hypotheses can be used in guiding
investigations to test and develop explanatory models and relationships (VC2S10101)

Planning and conducting

valid, reproducible investigations to answer questions and test hypotheses can be planned
and conducted, including identifying and controlling for possible sources of error and bias
in sampling or in making observations; safe, ethical investigations include undertaking

risk assessments and following protocols when accessing cultural sites and artefacts on
Country and Place (VC2S10102)

equipment can be selected and used to generate and record datasets that show precision,
including consideration of sample size and using digital tools as appropriate (VC2510103)

Evaluating

the validity and reproducibility of investigation methods and the validity of conclusions
and claims can be evaluated, including by identifying assumptions, conflicting evidence,
biases that may influence observations and conclusions, sources of error and areas of

uncertainty (VC2S10106)

arguments based on a variety of evidence can be constructed to support conclusions
or evaluate claims, including consideration of any ethical issues and cultural protocols
associated with accessing, using or citing secondary data or information (VC2S10107)

Communicating

communicating and justifying scientific ideas, findings and arguments for diverse
audiences involves the selection of appropriate presentation formats, content, scientific
vocabulary, conventions, models and other representations, and may include the use of

digital tools (VC2510108)

Victorian Curriculum V2.0 F-10 © VCAA 2024

Glossary terms

Absolute uncertainty
Accuracy

Blinding

Confidentiality

Control group
Controlled variable
Convenience sampling
Cultural appropriation
Data logger
Dependent variable
Double-blind procedure
Ethics

External validity
Extraneous variable

Fair test

Feasible

Hypothesis

Implicit bias
Independent groups design
Independent variable

ISBN 978-1
Photocopying i

Informed consent
Internal validity
Investigable

Likert scale
Matched participants design
Model

Novel

Outlier

Parallax error

Peer review
Personal error
Placebo

Placebo effect
Population
Precision
Prediction

Primary data
Random allocation
Random error
Random sampling

Randomised controlled trial
Reading error

Relative uncertainty
Reliable

Repeatable

Repeated measures design
Replicable

Reproducible

Right to withdraw

Safety data sheet (SDS)
Sample

Secondary data

Simulation

Strata

Stratified sampling
Systematic error

Titration

Titre

Validity

Zero calibration error




Section 1.1 PLANNING INVESTIGATIONS

@ Planning investigations

Learning goals

At the end of this section, | will be able to:

1. Explain the choice of independent, dependent and controlled variables in a scientific investigation.

2. Refine research questions to target specific information or data collection techniques.

3. Assess the validity of an investigation by defining the terms repeatability, replicability, reproducibility, accuracy
and precision.

4. Describe the difference between random and systematic errors, and calculate both absolute and relative

uncertainty.

Overview of the scientific method

To conduct valid investigations, scientists must follow a common approach that allows their peers
to evaluate their research. You may recall from previous years that all scientific investigations

should follow the scientific method, which is set out in Figure 1.1 below.

. . » STEP 1: Observe and ask questions
A research question may be identified once an area of scientific interest has been analysed.

4
STEP 2: Do background research (rationale)
A rationale is a concise version of a literature review. A scientist who is interested in conducting an experiment on a certain topic of
interest will first search relevant scientific literature. This requires the ability to find and analyse past research articles and results.
v

STEP 3: Define variables and state a hypothesis
A hypothesis is a testable prediction about the relationship between two or more variables. It is formulated using the
scientific knowledge obtained from the scientific literature. It is not simply a haphazard guess without any prior knowledge
— it is more of an educated guess. You should also state your independent, dependent and controlled variables.

v

STEP 4: Outline methodology
An experiment may include controlled laboratory experiments, observations, case studies, surveys and interviews.
Conducting the experiment requires a specific methodology. The methodology usually contains at least two sections:
e Materials (lists the scientific apparatus required to conduct the experiment)
* Method (a step-by-step procedure of how the experiment is conducted).
There may also be a risk assessment section detailing how any risks were managed during the experiment. If human
participants were used, the methodology should detail their demographics, how they were sampled and allocated, the
research design used and how ethics approval was sought.

v

STEP 5: Collect and record the data
Data collection is of utmost importance in any scientific experiment. This step involves organising, summarising and
representing the data that were collected in the experiment (raw data) in a meaningful way. Generally, descriptive statistics are
used to organise and summarise the data. Graphs and tables can be used to represent the data; calculation of means, medians
or modes can be used to summarise the data. Error bars can be included to represent uncertainty in any measurements.
v

STEP 6: Analyse the data
The tables and charts of data then need to be examined. Analysing data can reveal relationships, trends and patterns. The meaning
of each of the results should be summarised and there should be an identification of the uncertainty and limitations of evidence.

L 4
STEP 7: Evaluate the data

This is a discussion of the reliability and validity of the experimental process. Suggested improvements and extensions to
the experiment should be included.

v

STEP 8: Form a conclusion
This is an insightful interpretation of experimental evidence through a justified conclusion that is linked to the research question.
v
STEP 9: Communicate your findings

A scientific report is completed to document the research and share the findings with other scientists. Common methods
used to report the research findings include practical reports, oral presentations and poster presentations.

Figure 1.1 An overview of the scientific method

ISBN 978-1-009-60347-8 Shaw et al. © Cambridge University Press & Assessment 2025
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Chapter 1 SCIENCE SKILLS

investigable Research questions
able to be tested . . . . . .
through research or For a research question to be considered investigable, it needs to be feasible, relevant and novel.

:Xpej::nentatlon Consider what the findings might lead to: Does the question explain some phenomena? Does it fill
easible

possible within a gap in the existing research? Will it contribute to the general public's understanding of a modern
the available . . . . . . . . .
timeframe, with the science issue? A scientist might be asked all of these questions, especially to decide whether their
available resources . .

e research receives funding.

novel

new and original The research question should specify the experimental variables. Forming an investigable question

peer review might involve exploring the existing body of scientific knowledge, having discussions with peers or
a process by which . . .
work is examined working with a mentor such as a PhD supervisor.

and approved by
experts before

eing puleliEhes Literature review
Before a scientist starts their experiment, they will conduct a literature review. This involves
reviewing similar experiments to determine what other scientists have already investigated. This is
an important step to learn from the experience, mistakes and evidence shared by other scientists.
It may help refine the hypothesis, methodology and data analysis steps, as well as justify why the
research should be funded.

A literature review involves:

1. asearch for scholarly articles (secondary sources that have undergone peer review and have
been published in academic journals)

2. an evaluation of the quality of the research articles, and also whether they are relevant to
the topic

3. awritten summary of the existing research on the topic in your own words. This is usually
located in the 'Introduction’ section of your practical report, but you may be asked to attach
an appendix showing your background research (rationale). Professional research scientists
typically publish their literature reviews as stand-alone documents.

Credible databases can be accessed through libraries and universities, and many articles are
available online through search engines such as Google Scholar. Less credible sources include
stand-alone websites, and publications that have not been subjected to peer review, such as

magazines and blogs.

The independent and dependent variables provide a great starting point as the search terms for
a literature review. Typing in the research question in its entirety is unlikely to generate enough
results as it might be too specific. Instead, you
can combine a few key words in your search.
For example, if your research question is 'Does

temperature affect the function of the enzyme

lipase?' then you might search for 'temperature

AND enzyme OR lipase'. Search strategies take a

lot of practice. You will then need to summarise

the information you find and evaluate the way
the authors have conducted their research. Tests
such as the CRAAP test (evaluating the Currency,
Relevance, Authority, Accuracy and Purpose)

allow you to evaluate the reliability and validity

Figure 1.2 A science research team meets to discuss their findings prior of the research. This will assist you in refining the
to their work being submitted for publication scope and method of your own research.
ISBN 978-1-009-60347-8 Shaw et al. © Cambridge University Press & Assessment 2025
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Section 1.1

Science as a human endeavour 1.1

Funding for fieldwork

Not all scientific research takes place in a
laboratory. Fieldwork involves a scientist
conducting practical work in a real-world
setting, such as a natural environment.
For example, researchers from the
University of Queensland discovered
that the native legume Crotalaria novae-
hollandiae is hyperaccumulating zinc
(concentrating it in its tissues) at the
Dugald River Mine near Cloncurry. This
could enable phytomining, the process of
harvesting substances from living plants
that act as hyperaccumulators. Such
plants retain certain substances in high

concentrations after they are absorbed

Figure 1.3 Crotalaria novae-hollandiae

through their roots. There are around 100
known hyperaccumulators, and the ash created from burning these plants often contains more
than 25% metal. These plants could offer an environmentally friendly method of extracting
valuable metals from mining waste, or of cleaning up soil contaminated with mining waste.

This type of research has the potential to impact the future of the metal industry, but it
depends on researchers obtaining funds. To make this type of discovery, these researchers
would have had to write applications for funding to either the government or, occasionally,
commercial entities. To receive funding, they have to provide compelling literature reviews and
a well-designed project plan, and outline the likely benefits of their findings for society.

Experimental variables
Scientists form a research question after they gather knowledge from observations and a literature

review. Their question, for example, might be:

Does caffeine intake affect human reaction time?

To ensure that the experiment addressing this research question is a fair test, the scientists must
only change one variable and measure one variable. All other variables that might influence the

measured variable should be controlled.

The scientists will change only the independent variable in an experiment, and their methods
will state exactly how it will be changed. In the example given above, 'caffeine intake' would be the
independent variable. This could be measured as the volume of coffee or energy drink consumed

and the caffeine concentration, or as the mass of caffeine in a tablet.

The dependent variable is the variable that is measured in response to a change in the independent
variable. The scientists should state what the dependent variable is and how it will be measured in
the experiment. For example, the dependent variable in this experiment is the 'reaction time' and
might be measured as the time taken in seconds to react to a prompt.

ISBN 978-1-009-60347-8 Shaw et al.
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PLANNING INVESTIGATIONS

WORKSHEET
Identifying
variables

fair test

an experiment

in which all the
variables are kept
constant except
the independent
variable being
tested

independent
variable

the variable that

is systematically
manipulated or
changed in order to
investigate its effect
on the dependent
variable

dependent
variable

the variable that
is measured in
response to the
independent
variable
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extraneous
variable

a variable

other than the
independent
variable, which,

if not controlled,
may affect the
dependent variable
and thereby have
unwanted effects
or lead to false
conclusions

controlled variable
a variable that is
kept constant so

as not to affect the
dependent variable
in an experiment

hypothesis

a proposed
explanation or
educated guess
that can be
tested through
investigation and
experimentation
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Other variables can sometimes affect the results in an experiment. Variables that have the potential
to interfere with the results are called extraneous variables. It is important that they are controlled;
otherwise, it is difficult to conclude if the change in the dependent variable was caused only by the
change in the independent variable. It is often challenging to identify extraneous variables, so the
best practice is to try and keep all other variables constant (controlled).

Variables that are kept constant throughout an experimental procedure are called controlled
variables. In this example, this may be the time of day the caffeine is taken and the method by
which the reaction time is measured.

Controlled variables
(conditions that are kept
the same)

Independent variable
(changed)

Dependent variable
(measured)

Caffeine intake (mg) Reaction time (seconds) Time of day and consistent

experimental method

Table 1.1 The variables identified for an experiment to address the research question 'Does caffeine intake
affect human reaction time?'

Try this 1.1

Identifying variables
Consider the research question: Does raising the temperature of water cause more sugar to dissolve?

Look at the table below and tick the appropriate variable type shown in each row.

Controlled
variable

Experimental Independent Dependent

variable variable variable

Temperature of the
water (°C)

Volume of water in
beaker (mL)

Mass of sugar that

dissolves (g)

Duration of stirring

(seconds)

Constructing a hypothesis

Once a scientist has identified their variables, they can write a hypothesis for their experiment.
A hypothesis is based on existing knowledge and previous observations. It is an educated guess
that is formed before conducting an experiment or making new observations. For a hypothesis
to be considered scientific, it must be testable and should be able to be supported or refuted
(not supported). It is typically written as an 'If ... then ..." statement that can be tested through
experimentation or observation (see Figure 1.4).
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Section 1.1

If the increases/decreases, then the will increase/decrease.

Choose Choose

Write Write
independent dependent
variable here variable here

For example:
If caffeine intake (in mg) is increased, then the reaction time of participants
completing the task (in seconds) will decrease.

Figure 1.4 Constructing a hypothesis using an 'If ... then ..." framework
A reasoned prediction is a statement that describes what is expected to happen if the hypothesis is

true. It is typically based on the hypothesis and is used to guide the design of an experiment or the
collection of data.

PLANNING INVESTIGATIONS

prediction

a statement that
describes what

is expected to
happen if the
hypothesis is true

reliable

when the results
of an experiment
are consistent
(i.e. repeatable,
replicable and
reproducible)

Making thinking visible 1.1

Think, pair, share: Constructing hypotheses
Consider the research question posed by a local
farmer: Which brand of fertiliser leads to the best
growth in a crop of wheat?

1. Think of what the independent, dependent and
at least three controlled variables might be for a
potential experiment.

2. Pair up with a partner and share your thoughts.

3. Construct an appropriate hypothesis for your
potential experiment, using the 'If ... then ...’

e,

framework.

4. Share your hypothesis with the class. Figure 1.5 Harvesting wheat

The Think, pair, share thinking routine was developed by Project Zero, a research centre at the Harvard Graduate School of Education.

Quick check 1.1

1. State the difference between an extraneous variable and a controlled variable.

2. Outline the purpose of conducting a literature review before commencing your own experiment.

Experimental design

For a scientific experiment to fairly test a hypothesis, it must test what it claims to test. It also must

produce consistent results, especially if the results are extrapolated and applied more broadly.

When designing the experimental method, you should consider:

o selecting appropriate materials and equipment (ensuring measurement tools are calibrated to
minimise errors)

o describing the steps in the method so they are clear and reproducible

o thinking about the safety and ethical aspects of the experiment (addressed later in this chapter).

Results from a single experiment may not be reliable enough to answer a research question or
support a claim. Scientists therefore often repeat many trials of the same experiment (under the
same conditions) and average the results.

ISBN 978-1-009-60347-8 Shaw et al.
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repeatable
when the results
are consistent
after the same
scientist repeats
the experiment
under the same
conditions as the
original experiment,
including the
same equipment
and laboratory or
field site

replicable

when the results
are consistent
after a different
scientist repeats
the experiment
under the same
conditions as the
original experiment,
including the
same equipment
and laboratory or
field site

reproducible
when the results
are consistent
after a different
scientist repeats
the experiment
under different
conditions to the
original experiment,
including different
equipment and
laboratory or

field site

validity

the degree to
which we accept
the suitability of
an experiment
to address the
research question,
and whether it
measures what
it is intended to
measure

internal validity
the confidence

we have that the
change in the
dependent variable
was solely due

to the change in
the independent
variable

external validity
the extent to which
results can be
generalised and
extrapolated to
other contexts or
populations

accuracy
how closely
measured values
match the 'true’ or
accepted values
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If the results match well, the experiment is said to be repeatable. Results should also be replicable,
which means a different scientist gets similar results when repeating the experiment under the same
conditions. Finally, results should be reproducible, which is when another scientist carries out

the experiment under different conditions and still gets similar results. If experimental results are

repeatable, replicable and reproducible, scientists can be confident that their results are reliable.

The validity of an experiment is whether the results measure what they are intended to measure.
A valid experiment has a methodology that is suitable for the research question, including sound

experimental design and procedure.

Consider the experiment discussed earlier: investigating the effect of caffeine on reaction times.

A valid way of measuring the dependent variable would be to ask participants to press a button as
soon as they see a specific light turn on. This would measure their reaction time to the light turning
on. Asking them to solve a maths equation would not be valid. Solving a maths equation would
introduce extraneous variables that might influence the results, such as the participant's prior

knowledge of maths.

Another way of conceptualising validity is to consider if an experiment is a fair test. For example,
an experiment that is testing the effect of temperature on enzyme action should control all variables
except temperature. If one set of enzymes is kept at 20°C and pH 4, and another at 40°C and pH 9,
the experiment would not be a fair test. This is because the pH is an extraneous variable that may
influence the results. Failure to control an extraneous variable might lead to very reliable results,
but results that don't measure what they intend to! This example would be considered reliable but
not valid.

Validity can be broken down into:

o Internal validity. This relates to how confidently you can attribute the change in the dependent
variable to the change in the independent variable. Controlling the extraneous variables and
using calibrated equipment and a standardised method all improve internal validity.

» External validity. This relates to the extent to which the results of an experiment can be
extrapolated (generalised) to other contexts or populations. For example, would the conclusions
hold for participants of a different age or species? Using a representative sample and accurately
analysing the results can improve external validity. Samples and sampling techniques are
discussed later in this chapter.

Quick check 1.2

1. Decide whether using the same mass balance when taking 'before' and 'after' measurements
during an experiment would increase the internal validity or external validity of the experiment.

2. A scientist based in another country follows your method and gets the same results.
State whether this is an example of repeatability or reproducibility.

3. A study claims to investigate the effects of an exercise program on fitness. It measures fitness
with a 200-metre swim test. Explain if you think this is a valid experiment.

Data collection

When collecting data during an experiment, the goal is to gather data that are reliable, valid and

accurate. Accuracy is a measure of how close to the 'true’ value the measurement is.

Choosing the best equipment is one way to improve the accuracy of the experiment. An example of
this is using an electronic timer system to record measurements at given time intervals rather than

relying on a hand-operated stopwatch.

Shaw et al.
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Section 1.1 PLANNING INVESTIGATIONS 11

Experimental precision refers to how close repeated measurements are to each other. For precision
example, let's say you record the mass of a product of a chemical reaction in grams. You repeat how close repeated
the experiment four times, getting results of 1.54 g, 1.55 g, 1.55 g and 1.54 g. The dataset is precise, to each other
because it shows low variation (is tightly clustered around the mean value). Even though this ;’;‘ﬂfgmlous dkiie

dataset is precise, it is not necessarily accurate, as seen in Figure 1.7a. Subjectively reading values

on glassware such as measuring
cylinders can sometimes affect
precision, particularly when you
need to estimate a value between

graduated markings.

The goal is for data to be both
accurate and precise, as seen in
Figure 1.7b. This indicates the

equipment is measuring a value

value that does not
seem to fit the rest
of the data

close to the true value, without Figure 1.6 The precision of measuring equipment varies. It is

much variation.

a b ;
Precise but Precise and
not accurate accurate

important to select the appropriate equipment for the experiment.

c ;
Accurate but
not precise

Figure 1.7 (a) A faulty piece of measuring equipment might consistently give wrong values that are very close
to one another. These measurements would be precise, but the results are inaccurate and do not measure
what they claim to measure; therefore, they have low validity. (b) Measurements that show low variation and
are close to the theoretical or 'true' value show high precision and accuracy. (c) While the measurements are
not tightly clustered (precise), when an average is calculated it is representative of the true value (accurate).

Outliers are data values that do not appear to fit with the other
recorded values. These values are often a long way from the mean.
Outliers may represent an experimental error, such as faulty
measurement tools or human error in reading the scale. You must
investigate and account for outliers when discussing your results.
If you notice outliers when conducting the experiment, you can
repeat the trial, but you should note this in your data analysis and
discussion. Outliers are sometimes excluded when calculating

the centre and spread of the dataset, but this also needs to be
documented and explained. The most common causes of outliers
in a dataset within the scientific laboratory are:

o data entry errors (human miscalculation)

o measurement inaccuracies (instrument error).

Outliers are easier to identify when data are graphed, as shown

in Figure 1.8.

ISBN 978-1-009-60347-8 Shaw et al.
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Figure 1.8 Outliers (such as the data point in red) are
often easily spotted once the data have been plotted
on a graph.
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systematic error

a consistent error
that gives rise to
measurements
that are repeatedly
higher or lower
than the true value

zero calibration
error

a measuring
instrument giving

a non-zero reading
when the true value
should be zero

parallax error

a measurement that
is not the true value
due to the position
of the object along
the line of sight
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Quick check 1.3

1. Define the terms accuracy, precision and outlier.
2. Discuss whether a dataset with a high number of outliers represents precise data.

Minimising experimental error
A valid experiment is dependent upon a reproducible method and a commitment to minimising

potential sources of experimental error.

Systematic and random errors

The accuracy of any measurement will always be limited by several factors, including:
o the equipment used

o the skills of the person collecting the data

o the method

o the environment where the experiment is carried out.

Whenever we do an experiment, we are attempting to determine the 'most true' data, but we will

always find some variation in the results.

Systematic errors give rise to measured values that are consistently larger or smaller than the true
value. Hence, these errors reduce the accuracy but not necessarily the precision (like the archery
target in Figure 1.7a. Systematic errors can be minimised by calibrating equipment and with careful
experimental design, and this is one reason why scientists take time when planning experiments.
Some types of systematic errors include:

o Instrument effects. These are caused when a measuring instrument is faulty or has not

been calibrated correctly. For example, if a balance used to measure mass was not properly
calibrated, all the readings might be 3.00 grams greater than they should be. This would lead to
a systematic effect because the measurements are wrong by the same amount each time. A zero
calibration error occurs when the initial value shown by a measuring instrument, before taking
a measurement, is not zero.

Environmental effects. These are caused

by external factors such as temperature or

[e0]

humidity. For example, the measurements
taken using a metal ruler will differ
depending on the temperature. In low

temperatures the ruler will contract,

©

whereas in warmer temperatures it

will expand. This means that all the

\_7 Parallax error
/ \

9.78 mL «_|
9.70 mL <
9.62 mL « |

measurements taken under those

7

[T

:

conditions would be lower or higher than

©

the correct value.
o Observation errors. These are caused

by taking the wrong observations
or consistently reading instruments 1

incorrectly. For example, a parallax error
may be caused when the observer's eye is . . ) )

Figure 1.9 The position where there is no parallax is the
correct eye level for reading the scale on the measuring
cylinder.

positioned at an angle to the measurement
mark, as shown in Figure 1.9.
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When experiments are designed carefully to remove systematic errors, random errors can

still affect the accuracy and precision of a measurement. These are caused by limitations of the
equipment and the observer and are unpredictable. They can be caused by the experimenter's
inability to obtain the same measurement consistently to get the same result. You may measure the
mass of a piece of magnesium ribbon three times using the same balance and produce varied results
(e.g. 1.36 g, 1.38 g and 1.39 g). Personal errors include mistakes and miscalculations, such as errors
in converting units of measurement, or using depth instead of height.

Reading errors can also occur when a measurement falls between two measurement markers. An
observer would have to estimate the true value, and this would differ between observers. It is likely
that approximately half of the results obtained would be estimates that are too large and half would
be too small. These effects are an unavoidable part of doing experiments and can affect precision.
The error can be reduced by repeating the experiment many times and taking the average.

Uncertainties

Due to random and systematic effects in the experimental process, there will always be a margin

of doubt about any of your results. We have looked at how these can arise, but we need to be able

to quantify them. The uncertainty represents the range that measured values fall within when the
experiment is repeated. The notation for a measurement and its uncertainty is (remember to add the
appropriate units):

measured value + uncertainty

where + means 'give or take'. This tells us the absolute uncertainty.

The following rules are often used to determine the absolute uncertainty of a measurement when

using either an analogue instrument with a scale or a digital measuring instrument:

« For analogue instruments, the uncertainty is equal to the smallest increment of the instrument,
divided by two.

« For digital instruments, the uncertainty is equal to the smallest increment of the instrument.

Nl
wtil gy
e Yy, 7o

uncertainty = 0.1V

uncertainty = 0.001 g

uncertainty = %g =50g

Figure 1.10 There are different rules for calculating the uncertainty in single measurements using analogue
(a, ¢) or digital (b, d) instruments. Always remember to include units.

ISBN 978-1-009-60347-8 Shaw et al.
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random error
error caused by
limitations of the
equipment or the
observer and does
not follow a regular
pattern

personal error

a type of random
error that arises
from mistakes and
miscalculations
by the person
conducting the
experiment

reading error
areading or
measurement that
is not the true value

absolute
uncertainty

the estimated
range of values

in which the

"true value' of a
measurement lies
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If we take multiple measurements and calculate the mean, we can estimate the absolute uncertainty

by calculating half the range, as shown in Worked example 1.1.

Worked example 1.1

Calculating absolute uncertainty
A student measured the mass of a piece of magnesium ribbon three times and recorded the
following values: 1.36g, 1.38g and 1.39g. Calculate the absolute uncertainty.

Working Explanation
Calculating the mean
1.36 + 1.38 + 1.39 - 138g To calculate the mean, add the values collected. Then divide it by
3 the number of values collected. In this case, there are three values.

Calculating the range

1.39-1.36 =0.03g To calculate the range, subtract the minimum value from the
maximum value.

Calculating the uncertainty

0.5 x0.03=0.015¢g To calculate the uncertainty, take half the range. This can be
rounded up to 0.02 g because this is the same number of

decimal places as the measurements.

Mass = 1.38 £ 0.02g You can then include this uncertainty when communicating the
results. The mass of the magnesium can therefore be expected
to be between 1.36g and 1.40g.

The uncertainty of any measured value can also be expressed as a percentage or as a ratio. This is

relative the relative uncertainty. This is calculated by dividing the absolute uncertainty of the value by the
uncertainty . . . . . .

the ratio of value itself, as shown in Worked example 1.2. The relative uncertainty is useful because it puts your
the absolute . . . . . .

e experimental data into perspective. For example, if you made an error in measuring the length

reported value,
often expressed as
a percentage

of your eraser, it would be more noticeable than if you made the same error when measuring the
length of a larger object, such as the table. Relative uncertainties do not have units, unless the

uncertainty is multiplied by 100 to report it as a percentage.

Worked example 1.2

Calculating relative uncertainty
You measured the length of your table (80.0 cm) and your eraser (5.0 cm) using a metre rule.

Length of table = 80.0 cm = 0.05 cm
Length of eraser = 5.0 cm + 0.05 cm

The absolute uncertainty of both measurements is +0.05 cm. Calculate the relative uncertainty
of both measurements.

Working Explanation
Calculating the relative uncertainty
Relative uncertainty of table length To calculate the relative uncertainty, divide the
0.05 _ 0.000625 absolute uncertainty of a value by the value.
80.0
Relative uncertainty of eraser length
905 _ 01
5.0
ISBN 978-1-009-60347-8 Shaw et al. © Cambridge University Pred¥igiadsessment 2025
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Working Explanation
Calculating the percentage uncertainty
Percentage uncertainty of table length This can then be reported as a percentage by
0.000625 x 100 = 0.0625% multiplying by 100. We can now see that the

Percentage uncertainty of eraser length relative uncertainty of the eraser measurement is
0.01 x 100 = 1% much higher than that of the table measurement.

When we measure length, we normally use a ruler or a tape measure. Since these are analogue
measuring instruments with an incremental scale, the uncertainty should be equal to half the
smallest increment of the instrument. The smallest division of a ruler is typically one millimetre,
producing an uncertainty of 0.5 mm or 0.05 cm.

To measure the length of an eraser using a typical classroom 30 cm ruler, you must align the eraser
with the 0 cm mark (which is inset from the end of the ruler, see Figure 1.11a) to the best of your
ability. You also read the length to the best of your ability. Because each end is an estimation, there
is 0.05 cm + 0.05 cm = +0.1 cm of uncertainty in your measurement. If you use a metre rule as your
instrument instead, its physical end is aligned with the 0 cm mark. Hence, it is possible to align the
end of your eraser perfectly with this mark, and there is no uncertainty at this end (see Figure 1.11b).
The smallest increment shown on the metre rule is 1 mm (as for the 30 cm ruler), so 0.5 mm or
0.05 cm of uncertainty exists where you take your reading of the length of the eraser. Therefore,
the total uncertainty is 0 + 0.05 cm = £0.05 cm.

a b

Estimation Estimation

Estimation

‘., J'

E ERASER
|

IIII|IIII1|IIII|IIlllllII|IIIIlIIII|IIIIllIII|III|1IIII|III1IIII|IIIIJIIII|IIIIlIIll|IIII!

0

e

Typical 30 cm classroom ruler

Figure 1.11 The type of measuring device used can affect uncertainty. A 30 cm ruler (a) will give measurements
with a higher uncertainty than a metre rule (b), since the 'zero' mark is not aligned with the edge of the ruler.
Which uncertainty should be recorded? Often, you will complete experiments that require the
recording of several measurements. You should consider the units in which you are measuring the
variables, as well as the precision of the instruments you are using. You should always record the

largest source of uncertainty.

ISBN 978-1-009-60347-8 Shaw et al. © Cambridge University Press & Assessment 2025
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Quick check 1.4

1. State which type of error is represented in each of the following scenarios:
a) Adigital thermometer is faulty and regularly underestimates the temperature.
b) A ruler has only the centimetres marked, so the observer has to estimate values of length
that fall between the markings on the scale.
c) Ascale is not 'zeroed' before an evaporating basin with salt is weighed.
2. List two causes of random errors.

The impact of experimental errors on validity

Random errors can reduce reliability (particularly the

replicability and reproducibility) of results. For this reason,

repeating multiple trials of the experiment is important. ErperlineiniE

errors
Averaging your results can reduce the impact of errors, and
this can be used as the basis for discussion when considering l | l
if the results are accurate.

. . . . Systematic Random
Calibrating equipment reduces systematic error and errors errors
improves replicability and reproducibility. This means l l
the equipment is more likely to be accurate and precise
(improved repeatability). The impact of systematic errors Reduces Reduces

) ) ) accuracy reliability
cannot be reduced by doing repeated trials. If the equipment

is poorly calibrated or faulty, repeating measurements will Figure 1.12 The effects of experimental

not change your results. errors on accuracy and reliability

Appropriate sample size

%}Z{‘;Eaifts Some experiments may require a sample to be drawn from a population. The size of the sample needs
f;';::iﬁ gLOmeEhe to be large enough that it can accurately represent the population. Using a large sample is like doing
research interest repeated trials of an experiment; it is more likely to yield reliable data. If you were investigating a new
fth:r:?;?g oo pain relief medication and only tested it on one person, the results would not be reliable. You can't
:fepsffclleemltc make assumptions about all Australians based on the experience of one person! A large sample size
interest during an gives a bigger dataset, which means the data can be averaged, minimising the impact of outliers that

investigation
° occur due to random errors. Sampling techniques will be discussed in more detail later in this chapter.

Practical 1.1

Repeatability and replicability: Does mass change in a chemical reaction?
Aim
To consider the accuracy of measurements before and after a chemical reaction, in determining
whether there has been a mass change
VIDEO
Materials Practical 1.1
) . ) Repeatability
e 20 mL 0.1 mol L' sodium hydroxide solution e balance and
. . . licabilit
e 10 mL 0.1 mol L ferrous sulfate solution * measuring cylinder x 2 repleeRiy
e conical flask with stopper x 2 e Optional: plastic pipettes for
* testtube x 2 measuring liquids
* test tube rack
continued ...
ISBN 978-1-009-60347-8 Shaw et al. © Cambridge University Press & Assessment 2025
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Method
1. Copy the results table below into your workbook.

2. Using a measuring cylinder, measure 10 mL of sodium hydroxide solution and pour into a conical flask.

3. Using another measuring cylinder, measure 5 mL of ferrous sulfate solution and pour into a test tube.

4. Place the test tube carefully into the conical flask and insert the stopper.

5. Now place the conical flask onto the balance and record the 'before reaction' mass in the results table. You are
essentially weighing the glassware and the chemical reactants.

6. Invert the conical flask, allowing the two solutions to mix.

7. Mix thoroughly by gently swirling and wait for the complete reaction to occur (a dirty green precipitate will
have formed).

8. Place the conical flask (without removing the stopper) back onto the balance and record the 'after reaction'
mass in the results table.

9. Repeat the experiment a second time (steps 2 to 8) and record these findings as Trial 2.

10. Share one of your results columns with another group, recording one of their columns as Trial 3.

Results
Table showing measurements of mass before and after the chemical reaction

Mass of conical flask, Mass of conical flask, Mass of conical flask,
stopper, test tube and stopper, test tube and stopper, test tube and
their contents (g) their contents (g) their contents (g)
Trial 1 Trial 2 (repeat of Trial 3 (results from
experiment) another group)
Before reaction
After reaction

Discussion: Analysis

1. How did you know a chemical reaction was taking place?

2. How did the mass of the glassware and contents after the reaction compare with their mass before the reaction
had occurred?

3. How does this relate to your understanding of the Law of Conservation of Mass in chemical reactions?

Discussion: Evaluation

1. State a potential source of random error in the measurement of mass during this experiment.

2. State a potential source of systematic error in the measurement of mass during this experiment.

3. Discuss any limitations you encountered while conducting this experiment and how they could be addressed
in future.

4. Outline the purpose of repeating the experiment twice and comparing your data with another group, with
regard to the reliability and validity of your findings.

Conclusion
1. Make a claim about how the mass of chemical reactants changes during a chemical reaction.
2. Support your statement using the data you gathered and include potential experimental faults.

3. Explain how the data support your statement.

ISBN 978-1-009-60347-8 Shaw et al. © Cambridge University Press & Assessment 2025
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E . Section 1.1 review
Go online to

access the
interactive Online Section Teachers can %] w,.
section review quiz questions =10 L} assign tasks
and more! and track results
Section 1.1 questions
Remembering
1. Define an outlier.
2. State the difference between an extraneous variable and a controlled variable.
3. State which type of validity refers to how generalisable the results of an experiment are to
other contexts or populations.
Understanding
4. Describe the difference between repeatability, replicability and reproducibility in an
experiment.
5. Classify the following errors as random or systematic:

a) Personal error: When recording the data, the researcher has a poor mathematical
understanding of rounding decimals and consistently rounds everything up to the nearest
whole number.

b) Instrument error: A balance is not very precise and the displayed mass is often out by
around 1 gram in either direction.

Applying
6. Biology students were learning that, on a hot day, plants lose water out of pores called
stomata on the underside of their leaves. The students were asked to design an experiment
that would test how factors of their choice influence the rate of water loss. After conducting
some background research, one student identified that temperature should affect the rate at
which water is lost via the stomata, and they set up the experiment pictured below.
8 2
Set-up A Set-up B
21°C dry air 30°C dry air

a) ldentify the independent variable in this experiment.

b) Identify the dependent variable in this experiment.

c) State three variables that must be controlled.

d) Construct an appropriate hypothesis for this experiment using the 'If ... then ...
framework.

7. Discuss how a literature review might help a scientist refine their research question.
ISBN 978-1-009-60347-8 Shaw et al. © Cambridge University Press & Assessment 2025
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Analysing
8. A farmer noticed that his leaky tanks seemed to lose water quicker if the hole was closer to the

bottom of the tank. He designed the research question: Do tanks leak water faster when the
hole is positioned lower on the tank?

—

2000 L

o

2000 L

1"

a) ldentify the independent variable in this experiment.

b) Identify the dependent variable in this experiment.

c) State three variables that must be controlled.

d) The farmer repeated his experiment on five occasions and found the same result: that the
water flows more strongly from the lowest hole in a water tank. Identify whether this is
showing high or low repeatability, and comment on the validity of his findings.

Evaluating

9. Jake took 12 identical pots and 12 identical plants. In four pots he placed soil, 10 grams of
fertiliser A and one plant. In another set of four pots he placed in each a plant 15 grams of
fertiliser B and an identical amount of soil as in the previous four pots. In another four pots he
placed the same amount of soil with a plant but provided no fertiliser. All 12 pots were placed
in the same location and received the same amount of water and sunlight every day.
Plants with fertiliser B grew much larger than all the others. Jake concluded that fertiliser B was
better than fertiliser A. Discuss whether his conclusion is valid.
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@ Conducting investigations

Learning goals

At the end of this section, | will be able to:

1. Assess and minimise experimental risk.

Use specialised laboratory equipment, such as titration equipment.

Explain the use of data loggers, models and simulations for gathering reliable data.
Describe the ethical considerations of using animal and human participants in research.

Pl B

Outline research design features that might be employed in trials involving human
participants, which will increase the reliability and validity of the findings.

There is a range of scientific research methodologies that can be utilised to make observations,
examine relationships and test hypotheses. All methods must be conducted safely, accurately
and ethically.

Risk management

In any experiment, associated risks should be eliminated. If elimination is not possible, then safe
practices must be followed to reduce and manage risks. Equipment and materials should be assessed
for risk before conducting the experiment. When assessing any risk, two factors are considered: the
likelihood of the hazard occurring and the level of harm that might result from the hazard.

Anyone conducting experiments has a duty of care to ensure the safety of themselves, their
colleagues, participants and the environment. This may involve:

o using personal protective equipment (PPE), such as gloves, safety glasses and respirators
o implementing safety protocols for handling and disposing of materials

o ensuring that all equipment is properly maintained and calibrated.

Anyone conducting experiments should be familiar with emergency procedures in the event of an
accident or exposure. They must ensure all individuals involved in the experiment are adequately
trained in safety procedures.

Safety data sheets

e E e Experiments sometimes include the use of hazardous chemicals. A safety data sheet (SDS) should

(SDS)
a document
that provides

be provided during all experiments. An SDS is a document that provides information about the

health risks and safety of substances. Your school would get the SDSs for any chemicals you use

g{%ﬁ?g{ E‘:Z;rds from the chemical supplier. The safety data sheet provides information on:
chemicals o how to use a substance during and after the experiment
 the associated health risks
o how to dispose of waste products
o suggested personal protective equipment to use while handling the substance
o first aid information if exposure occurs.
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Company logo Safety Data Sheet

here

Chemical: Hydrochloric acid
Identifier: CH34 Revised: 2023

Revised by: company name

Recommended use of the chemical
Hazard identification
ED) (5
First aid measures
Firefighting measures
Accidental release measures
Handling and storage
Personal protection

Physical and chemical properties

Ecological information and disposal considerations

Figure 1.13 An example SDS for hydrochloric acid

Throughout this resource there are practical and investigation tasks that have been assessed for
their level of risk. When you conduct these experiments, consider what low-level hazards the

experimenter might still face.
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Quick check 1.5

1. Recall what SDS stands for.
2. Explain why SDSs are essential within the science laboratory.

3. List three ways an experimenter can responsibly manage risk for themselves and their
colleagues or peers.

Using specialised equipment

Specialised equipment can often give more accurate and precise results,

increasing the reliability of an experiment. Pipette pump

Titration equipment

-
titration Titration is a specialised procedure used in chemistry to determine
2 procedure used the concentration of a solution. It involves measuring the volume of
to determine the
concentration of an one solution (typically an acid or a base) that is needed to neutralise Volume mark
unknown solution
g)fte? an acid or a a specific amount of a second solution. Titrations require specialised
ase,
equipment, including:
e apipette
o aburette 50 mL
o apH probe or data-logging device.
A pipette is an important tool used within the laboratory, as very precise
amounts of solution can be measured out accurately. A pipette bulb or
pump can be attached to help fill and empty the pipette with solution
(Figure 1.14).
When using a pipette pump or bulb to draw up and deliver solutions, it — Tip
is important to remember: Figure 1.14 A 50 mL

o When inserting the pipette into the pump or bulb, hold the pipette volumetric pipette and
close to the end being inserted so that the pipette does not break. pipette pump

o To create a seal, do not insert the pipette too far into the pump/bulb
(1 cm should be enough).

o Make sure there is more than enough solution in the beaker to draw up into the pipette. Ensure
the tip is underneath the surface of the solution so that you don't draw up bubbles into the pipette.

« Never allow solution to enter the bulb. Tell your teacher immediately if this occurs.

o Be careful when removing the pipette from the pump or bulb at the end of an experiment. A

gentle twisting motion will help you remove the pipette safely without breaking it.

Using a pipette pump

1. Attach the pipette pump to the end of the pipette by gently twisting and securing it.

2. Turn the thumb wheel on the pipette pump to allow the solution to be drawn into the pipette.
Ensure the tip of the pipette is always in the solution to prevent bubbles being drawn up.

3. Rinse the pipette using a small amount of the solution being used.

4. Draw up the solution above the volume mark of the pipette.
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5. Release the solution from the pipette until the bottom of the
curve of the meniscus sits just on top of the volume mark.

Ensure your eyes are level with the meniscus to prevent

Meniscus
parallax error.

6. Deliver the accurate volume of your solution into a flask by

pressing the release valve. Volume mark

Using a pipette bulb

1. Hold down valve A (remember ‘A’ for ‘air') and squeeze the air
out of the bulb through it. Figure 1.15 Read the volume
from the bottom of the
2. Press valve S (remember 'S' for 'siphon’ solution) to draw the meniscus Figure 1.16 The

solution into the pipette. correct way to use
the three valves

in a pipette bulb.

Valves 'A', 'S" and

3. Press valve E (remember 'E' for 'empty’) to release the solution out of the pipette.

Using a burette 'E' are sometimes
A burette is a long, thin glass tube used to measure the volume of solution needed for the titration !???gle(:rij 5
reaction. A burette can release the solution when the user turns the tap (sometimes called a re;pectively. Note
stopcock). To release the solution the tap is turned to a vertical position, and to stop the flow the that the pipette
. . " . . has been inserted
tap is turned to a horizontal position (see Figure 1.17). The total volume of solution released outof |\~ " "
the burette (and added to the flask) at the end of the titration is called the titre. the bulb.
& P .
titre
L the volume of
= i solution that needs
= 4 to be released from
E 4 the burette to reach
k= ¥ the end pointin a
= ay titration
L {
3= S
= Scale
-
E
o
=
=
s
—
e
/{—;
43%
44—§
47—§
48—§
o= Tap
E U /
—~Tip . . ;
Figure 1.18 A burette is set up in a retort stand to
Figure 1.17 A burette perform a titration.
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Practical 1.2

Titration skills
Aim
To practice using a pipette and burette

Materials

100 mL of 0.1 mol L' sodium hydroxide solution
20 mL of 0.1 mol L™ hydrochloric acid solution
two or three drops of phenolphthalein indicator
100 mL beakers x 3

burette

pipette

pipette bulb

funnel

conical flask

retort stand

clamp

white tile (to help detect colour change)

For example, if a reading is exactly on the 2.7 mL mark, then it should be 2
recorded as 2.70 mL. The example on the right would be read as 1.32 mL.

To calculate the titre volume, write down the initial and final burette readings
and then subtract the final titre volume from the initial titre volume. 3

Method 1
. . . 1.30 mL
Part 1: Practising reading from a burette | ;/
1. When reading from the burette, always record volumes to two decimal places.
d / P \1.40 mL

Calculate the titre volumes in the following examples.

Example 1
Titre = final reading - initial reading

Titre =37.91 mL-0.21 mL
Titre = 37.70 mL

Example 2: Try this one yourself.
Titre = final reading - initial reading

Titre =

Titre =

Part 2: Using a burette

into a clean beaker.

4. Measure 100 mL of 0.1 mol L~ sodium hydroxide solution

Use a clamp to secure the burette to the retort stand.

Place a waste beaker under the burette tap. Making sure the

tap of the burette is closed, add approximately 5 mL of the

sodium hydroxide solution from the beaker to the burette

using a funnel.

Be careful &
Wear gloves, safety

glasses and a lab coat.

VIDEO
Practical 1.2
Titration skills

o
{
w

Initial reading: 0.21 mL mL

Final reading: 3791
14 - 30 ———
15 — 31 ——
Initial reading: Final reading:
continued ...
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7. Open the burette tap to drain this solution into a waste beaker. This is simply to flush the burette clear of any
residue from previous experiments and prevent contamination.

8. Close the burette tap. Using a funnel, add the 0.1 mol L' sodium hydroxide solution to the burette, filling to
slightly above the 0.00 mL marking line. Remove the funnel.

9. Slowly release the solution (into the waste beaker) eliminating any bubbles in the burette tip and then close
the burette tap once the volume has fallen below the 0.00 mL mark.

10. Record the precise scale reading from the burette, ensuring you read from the bottom of the meniscus. Be as
accurate as possible by using two decimal places. This is your initial reading. It does not need to be 0.00 mL,
as long as it is accurate to two decimal places (see examples in Part 1).

Part 3: Using a pipette

11. Rinse the pipette using a small amount of the 0.1 mol L™ hydrochloric acid by
drawing the solution up above the volume mark of the pipette.

12. Release this solution into a waste beaker.

13. Collect some fresh hydrochloric acid, again drawing the solution up above the
volume mark of the pipette.

14. Slowly release the hydrochloric acid from the pipette (into the waste beaker) until
the bottom of the curve of the meniscus sits just on top of the volume mark.

15. Release the 20 mL hydrochloric acid solution into a conical flask.

Part 4: Performing a titration

16. Add 2 or 3 drops of phenolphthalein to the hydrochloric acid solution in
the flask.

17. Place the conical flask on the white tile under the burette.

18. Open the burette tap and start releasing the solution into the flask.

19. If working in pairs, one person can gently swirl the flask and the other can control
the release of the solution from the burette.

20. Once the colour pink starts to appear, slowly continue adding the sodium
hydroxide solution drop by drop and keep swirling the conical flask.

21. Once the solution maintains a constant pink colour, close the burette tap. This
is called the end point. The lighter the shade of pink, the more accurate your
titration. Figure 1.19 shows the shade of pink you are aiming for.

22. Record the final reading from the burette to calculate the volume of hydrochloric ,
acid solution that has been added. ~—

23. Repeat for another two trials.

Figure 1.19 Example of
titration set-up for Part 4 of
this experiment, with pink
phenolphthalein indicating
the end point is reached

24. Record the volume of sodium hydroxide solution for these trials and then
calculate the mean volume. The table below can be used.

Results
Table showing calculations of the titre from repeated titrations

Reading from burette (mL)
Trial 1 Trial 2 Trial 3
Initial reading from burette (mL)
Final reading from burette (mL)
Titre (final reading - initial reading) (mL)
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Data loggers and probes

A data logger is an electronic measuring tool that accurately records data over time. It has a built-in
probe or sensor that can measure variables such as temperature, light, pressure, humidity and pH.
The device connects to a computer and produces a readout on
the screen. This means the experimenter does not have to take
regular readings, as the data logger takes frequent (sometimes

almost continuous) readings over time.

The benefits of data logging in scientific experiments include:

« highly accurate measurements

+ anautomated process that can be programmed to take
many readings in a short period, or regular readings over a

longer period (e.g. overnight)

o removal of the risk of human error or misinterpreting a

Figure 1.20 Scientists using a data logger in a water sample measurement scale.

data logger The data collected can be processed by specialised software or exported into a spreadsheet for
apiece of further analysis. Scientists can then share this database when working collaboratively and efficiently

equipment that
collects data
independently

through sensors

when information Quick check 1.6

needs to be

collected faster or . -

for longer or more 1. Outline how the position of the burette tap affects flow.

accurately than a

human can do

generate descriptive statistics, tables and graphs.

2. Describe an advantage of using a data logger instead of manually recording data.

Practical 1.3

Titrating using a pH probe Be careful &
Aim Wear appropriate personal
To complete a titration using a pH probe linked to a data-logging protective equipment.
program to produce a graph showing pH changes as a base is added
to an acid
Materials
e 0.1 mol L™" hydrochloric acid (strong acid) e retort stand
e 0.1 mol L' sodium hydroxide (strong base) e clamp x 2
e 0.1 mol L' acetic acid (weak acid) e bosshead x 2
* 0.1 mol L" sodium carbonate (weak base) * pipette bulb
* pipette * wash bottle
* burette * pH probe and data logger
* burette funnel * computer
e conical flask e data-logging software
* beakers
continued ...
ISBN 978-1-009-60347-8 Shaw et al. © Cambridge University Press & Assessment 2025

Photocopying is restricted under law and this material must not be transferred to another party.



Section 1.2 CONDUCTING INVESTIGATIONS 27

Method

You will be provided with four different combinations of acid and base solutions to titrate. The steps below should

be repeated for each of the four combinations. Decide who will continuously swirl the solution in the beaker and

who will release the basic solution into the beaker using the burette.

1. Set up the burette and other apparatus as shown in »
Figure 1.21 using a clamp and a retort stand to secure

the pH sensor. o )

2. Rinse the burette thoroughly with a few millilitres of the
basic solution.
3. Fill the burette using approximately 50 mL of basic solution

and record the precise volume.
4. Add 50 mL of distilled water to a 250 mL beaker. g :
5. Pipette 10 mL of the acid into the beaker of distilled water.
6. Connect the data logger and pH sensor to the computer and

open the relevant 'Acid-Base' titration program.
7. Monitor the pH for approximately 20 seconds and wait for the
reading to stabilise.

8. Enter O mL in the computer program as the first data point for /

the amount of base added.

9. Slowly start to add some of the basic solution until the pH has
risen by approximately 0.2 units.

10. Wait for a stable pH reading and record the burette reading Figure 1.21 Experimental set-up
(volume of base left in the burette) to the nearest 0.01 mL.

11. Repeat steps 9 and 10 until the pH starts to get close to 3.5.

12. Start adding smaller equal volumes of approximately 0.1 mL
of basic solution to the beaker, making sure to record the
burette reading in the software after each increment.

13. When the pH reaches close to 10, add larger amounts of 12
basic solution that raise the pH by approximately 0.2 units.
14. Continue adding the basic solution until the pH remains 10
constant and stable.
15. Click stop on the software and save copies of the table 8
and graph.
16. Dispose of the beaker contents as directed by your T 6
teacher and the safety data sheets.
Results 4
Print out your table and graph. )
Discussion: Analysis
1. Compare the four different graphs you have produced. 0 -_—
2. Discuss the different shapes of curves that were 0 10 20 30 40
produced in relation to the strength of the acid and base Volume of sodium hydroxide

combinations used. Compare them to Figure 1.22, which solution added (mL)

represents a standard titration graph of the kind that Figure 1.22 A graph showing how the pH changes
as a volume of sodium hydroxide (a strong base) is

would be found in a literature review. ! - i
titrated into a strong acid

continued ...
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Discussion: Evaluation

1. Discuss whether this experiment would have been possible without the use of a data logger.

2. Propose any extensions or improvements that could be made to this experiment if you were to do it again.

3. Suggest whether your pH sensor was appropriately calibrated, outlining how you could mitigate this potential
source of error if repeating this experiment.

Conclusion
1. Make a claim about how pH changes during a neutralisation reaction between an acid and a base.
2. Support your statement using the data you gathered and include potential experimental faults.

3. Explain how the data support your statement.

Specialised research methods

The chosen research methodology will vary according to what is being investigated and the type
of data the experimenter wishes to obtain. Table 1.2 provides an overview of some common research

methods.
Research Advantages Disadvantages Example
methodology
Experiment An independent variable Conditions are The effect of temperature on bacterial
is manipulated and the artificial, meaning growth is measured. Students swab surfaces
response in the dependent results might be less  and then rub the swabs on agar jelly, which
variable is measured, generalisable to real s incubated. Bacterial colonies are counted
allowing the experimenter to life (low external and measured 48 hours later.
establish if there is a cause-  validity) where
and-effect relationship. variables cannot be
e |f conducted in a tightly controlled.
laboratory, most
extraneous variables
can be measured or
controlled.
e Datais likely to be
precise. Figure 1.23 A bacterial plate culture
Fieldwork Practical scientific work, e.g.  ® Itis more difficult Marine biologists locate, tag and track
evidence is collected in an to control all humpback whales and their migratory
authentic real-life setting. variables in movements.
natural settings
outside the
laboratory.
e Results are less
reproducible.
Figure 1.24 Mother and calf humpback whales
Fieldwork - An investigation of a Utilises one subject ~ An infant with a genetic disorder is studied
case studies particular activity, behaviour,  or a small sample over the course of their childhood to
event or problem in a real size, so the results determine the most effective therapies, e.g.
or hypothetical situation. are less generalisable physiotherapy versus medical interventions.

Provides in-depth information to the population
(such as rich qualitative data). (low external validity).

Table 1.2 A summary of research methodologies .
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Research
methodology

Fieldwork -
observational
studies

Fieldwork -

interviews

Fieldwork -

surveys

Advantages

Observing and recording
events and behaviours that
have not been manipulated
or controlled. Can be used to
look for correlation between
variables.

Structured or unstructured
questions posed to subject/s.
They self-report, which

can yield genuine and rich
qualitative data.

Similar to interviews; however,
they tend to involve larger
sample sizes. Participants can
be chosen using selection
techniques, which means they
better reflect the research
population.

Table 1.2 (continued)

Models and simulations

Section 1.2 CONDUCTING INVESTIGATIONS

Disadvantages

Because extraneous
variables are not
controlled, causation
is hard to establish.
Observations can be
subjective.

Responses can be
inaccurate, e.g.
dishonest, influenced
by experimenter.
Extraneous variables

cannot be controlled.

The sample may not
be representative
of the research
population.

Example

Children are observed playing in a
kindergarten setting. The researcher notes
the quality of their interactions with peers
and their level of engagement with different
activities.

Figure 1.25 Observing children at
play in a kindergarten
Participants are asked to reflect on their
mental health and identify the most
protective factors (e.g. sleep, friendships,
exercise).

A sample of university students is taken,
and they are asked to record the number
of hours they work per week.

Sometimes a research question can't be tested by laboratory experiments or fieldwork. Additionally,

scientists may not have the appropriate tools to do the experiment, or it is too complicated,

dangerous or unethical. In these cases, data can be obtained from models and simulations. The

terms 'model’ and 'simulation’ are closely related and are often used interchangeably, but there is a

difference between the two.

A model is a representation of a real-world object, system or phenomenon that is used to
understand, analyse or predict its behaviour. Models can be physical or digital and are designed

to be simpler than what they are supposed to be representing. They should also approximate most
of the relevant features of the real object. Scientists may propose more than one model to explain
something. They may then argue for or against the quality of the explanation and in the process the
model will be gradually developed or rejected. Models are key to building knowledge in science, and

they show that scientific knowledge is refined over time.

model

asimple
representation of
an object, system or
phenomenon that is
used to understand,
analyse or predict
its behaviour

simulation

a representation
(often digital) of
a real situation or
event, created to
investigate the
situation or event
and often used to
make predictions

A good example of a model that has been refined over time is a globe representing Earth. The first record

of Earth being spherical was made in the fifth century BC by the ancient Greeks. Over 1500 years, this
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model was repeatedly updated, but every version was merely an artistic impression of what Earth looks
like. This all changed when NASA started to use technology such as their Earth Polychromatic Imaging
Camera (EPIC) to create highly detailed images of Earth.

Figure 1.26 (a) The Erdapfel (translates to 'Earth's apple'), which was created by Martin Behaim in the late
fifteenth century. It looks different from the globe we use today because many countries such as the Americas
and Australia are not included, and some elements are the wrong shape, size and position. How do you think it
compares to (b) the image of Earth taken in 1972 by the Apollo 17 spacecraft on the way to the moon?

Simulations are a way to bring models to life. They allow scientists to investigate and predict how a
particular object or phenomenon will behave. They allow the manipulation of variables that could
not be controlled in a real system. Simulations work through various computer systems, which vary
widely in their complexity. Simulations are useful to study real-life systems that are too complex,
large or dangerous to manipulate directly. For example, meteorologists can simulate the possible
movement and effects of cyclones and tsunamis.
This allows us to mitigate the risk of damage from

extreme weather events before they occur.

Supercomputers can analyse massive amounts
of data produced in experiments, particularly
from data loggers. Supercomputers are powerful
computers capable of storing, distributing and
analysing data. For example, at the Large Hadron
Collider (LHC), data collected is transmitted to
the Worldwide LHC Computing Grid (WLCG).
The WLCG sorts and filters the data to remove
background noise, then analyses it. This occurs

millions of times each second, and the grid and

Figure 1.27 The Large Hadron Collider sends data to a superfast algorithms allow large amounts of data to be
computer grid to sort and analyse data for scientists. readily useable.
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Science as a human endeavour 1

Simulating tsunami effects

Researchers at the Queensland Government's environment department have developed
tsunami models and simulations that assess what would happen in the case of a one-in-750-
year, one-in-3000-year or one-in-10000-year event. This includes calculating the speed, height
and inundation levels at different tides. The modelling was based on data from tsunamis
generated in the Vanuatu, South America and Kermadec-Tonga regions. Computer simulations
found that tsunamis generated in the Vanuatu region would reach Queensland's coast in the
fastest time, but waves generated in the Kermadec-Tonga zone would be the most damaging.
Researchers discovered that the Great Barrier Reef would provide some protection in the north
as the tsunami is slowed as it travels through shallow waters, as well as being blocked by large
islands. More exposed regions, such as the Gold Coast and the coastal region between Agnes
Water and Bundaberg, would see greater wave heights. The simulations also revealed that the
populous region of Brisbane would largely be protected, due to the location of Moreton and
Stradbroke islands.

7030000 F
702000t

7010000

ethics

the standards

used to appraise

X b and guide what
500000 T T is considered as
acceptable conduct

[m]

750 yr ARI (case 2) 3000 yr ARI (case 9) 10000 yr ARI (case 16)

cultural

A . . . appropriation
Figure 1.28 Three of many scenarios showing tsunami models of Moreton Bay generated by a computer use of cultural
simulation. Red areas represent waves of eight metres. knowledge or
tradition without
acknowledgement
or consent

Ethical considerations and implications implicit bias
when someone's

. . . . . . IO . . . . . ersonal opinions
When conducting scientific investigations, it is important to consider ethical implications P oonce ther

judgement without
them being aware

appropriate conduct. ofit

Explore! 1.1

Ethics of working with Aboriginal and Torres Strait Islander Peoples
Collaborating with Aboriginal and Torres Strait Islander people on scientific investigations or to explore knowledge of

and guidelines. Ethics refers to the principles and standards that guide acceptable and

Country raises ethical issues for scientists. It is important that scientists avoid cultural appropriation and exploitation
of traditional knowledge. In the context of collaboration, scientists should analyse scientific sources and their own
reports for implicit bias or racist ideas and seek multiple sources of information. Moreover, it is important that any
Aboriginal and Torres Strait Islander artefacts discovered during fieldwork are left undisturbed. The scientist should
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contact the appropriate government agency and local
Aboriginal or Torres Strait Islander community leaders
about the finding.

Use the internet to answer the following questions:

1. What is cultural appropriation and exploitation?

2. How might cultural bias be present in scientific
literature?

3. How can cultural respect and sensitivity be
demonstrated?

4. What does community engagement and data
ownership and control mean in the context of working
with Aboriginal and Torres Strait Islander people?

5. What is the purpose of the Victorian Aboriginal

Heritage Council?
Figure 1.29 Aboriginal art at Gariwerd/Grampians National Park. It

is important to report the discovery of any Aboriginal and Torres

Strait Islander artefacts without moving or disturbing the artefact.

Human and animal participants
Some fields of science rely upon experimentation using animals and humans. Medical trials, for
example, typically involve testing on animals before progressing to human trials. Psychological

experiments also rely on human participants to generate data.

Scientists in Australia must follow the animal welfare laws in their state or territory. These laws
require that animals must be treated humanely, by providing adequate food, water and shelter, and
' | minimising stress as much as possible. Social issues may
arise when scientists experiment using animals without
disclosing to the public the nature of their work, as the
public may be concerned for the safety of animal test
subjects. This is why ethics approval is required before
any animal testing. Scientists follow the 'three Rs' of
animal ethics:
o Replacement: substituting conscious animals with
insentient materials, such as plants, microorganisms

and invertebrates with less complex nervous systems.

/ = — Using simulations or artificial models should also
Figure 1.30 Wistar rats are a breed of laboratory rats that be considered.
are widely studied because they have a consistent genetic «  Reduction: using the minimum number of animals

make-up and are easy to look after. They have a docile and
friendly temperament, making them easy to handle and
work with. Wistar rats have been used in a wide range of + Refinement: improving the methodology by reducing
scientific studies, including research on cancer, neuroscience
and drug development, and have contributed greatly to our
understanding of various biological processes.

required to meet sample size requirements.

the number of inhumane procedures applied to animals

whose use can't be avoided by 'replacement'.

Before conducting any experiments involving humans or animals, experimenters must request
approval from an ethics committee. The participants' welfare is considered by a team of medical
and non-medical professionals. Experimenters must comply with guidelines published by the
National Health and Medical Research Council, The National Statement on Ethical Conduct

in Human Research (2023). This statement aims to protect the welfare and rights of human
participants and ensures that the experiment is justified.
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The Australian Psychological Society (APS)'s Code of Ethics outlines the rights of human

participants:

o Any participants must be voluntarily involved in the research.

« Participants must give informed consent and not be harmed by their involvement, nor
subjected to undue distress from deception. Sometimes it is necessary to deceive participants to

get accurate data, but they should be debriefed afterwards.

All data must be kept confidential (and anonymised where possible).

Participants should have the right to withdraw at any point for any reason. They can also ask to
have their data removed from the experiment for a certain period of time after the experiment
has finished.

When seeking informed consent, participants must be told about any potential risks or benefits
from their involvement. They should also be told about their ethical rights, such as the right to
withdraw. Where possible, the participant should be provided with a brief outline of the procedures
and purpose of the experiment. This information can be provided in an informed consent form,

which participants must sign voluntarily.

Quick check 1.7

Define the term 'cultural appropriation’.
Define the term 'right to withdraw'.
Define the term 'informed consent'.
Outline the role of an ethics committee.

DA ol o

Suggest a time when deception might be necessary in an experiment.

Explore! 1.2

When ethics go wrong

Unfortunately, there have been distressing cases of unethical
research involving human participants. One of the most famous
experiments is the Stanford Prison experiment, conducted

by Professor Phillip Zimbardo and his colleagues at Stanford
University in 1971.

Research exactly what took place in the experiment and outline
the ethical rights that were breached.

Figure 1.31 Professor Phillip Zimbardo with his book, The Lucifer Effect,
published in 2007, which details the Stanford Prison experiment and
related research

Effects on human participants
Research involving humans often involves allocating participants into two groups:
o the control group (which does not receive the treatment)

o the experimental group (which does receive the treatment).

The experimental group is exposed to the independent variable being tested. That is, they receive the
treatment that is being studied. The control group provides a baseline performance against which
the performance of the experimental group is compared. Participant expectations can act as an

extraneous variable within an experiment. For example, participants might try harder at the task if
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blinding

an experimental
procedure whereby
participants are
unaware of whether
they have been
allocated to the
control group or
experimental group

placebo
a false or fake
treatment

placebo effect

a phenomenon in
which participants
who receive a
placebo experience
a benefit or
improvement

double-blind
procedure

an experimental
design in which
both participants
and researchers are
unaware of whether
the participant

is in the control

or experimental
(treatment) group
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Conducting
an
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they know they are in the experimental group and want to please the researcher. Conversely, they
might feel nervous and not perform well in the same situation.

It is possible to counteract the effect that participant expectations may have on an experiment by
blinding participants. This means they do not know which group they have been allocated to. The
experimental group receives the actual treatment (such as a new drug being trialled), whereas the
control group receives a placebo (a fake version of the drug).

The placebo effect is a strange and poorly understood phenomenon that occurs during studies.
This occurs when participants who have received the placebo experience beneficial effects. For
example, during a study on pain medication, participants might report improvements in their pain
and function, despite receiving the placebo (i.e. no pain medication). But it's not all in their head!
Measurable changes such as a reduction in blood pressure or heart rate have also been observed in
participants who received a placebo. The improvement is not due to the treatment, but rather to
the patient's belief in the treatment. In some studies, the placebo effect is so strong that the control
group improves as much as the experimental group!

Placebo pills

The colour and shape of a tablet can influence our belief in how effective the medication

is. Studies have found that yellow placebo pills are rated as the most effective in treating
depression while white pills are perceived as best at soothing stomach issues. Pills with a brand
name stamped on them are rated as more effective than generic, unlabelled pills. Some studies
have suggested the placebo effect still exists even when the participant knows they are in the

placebo medication group!
Figure 1.32 Medications come in a range of colours, shapes and sizes. Who would have expected that this
might influence their efficacy?

Experimental design with human participants

We have discussed how participant expectations can influence the outcome of an experiment,

but the expectations of the researcher can also play a role. For example, researchers might spend
longer explaining the psychological questionnaire to participants in the experimental group or
provide more encouragement during a task. This influences the data collected. To address this issue,
some studies observe a double-blind procedure. This means both participants and researchers
collecting the data are unaware of who is in which group. This is considered the gold standard for
experimentation involving humans.

Sampling and allocation

When conducting an investigation, the population is the group of people who are of scientific
interest. It is rarely possible to survey or experiment upon every member of a population, so
to make the investigation more feasible, a sample is drawn. This sample should ideally reflect
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the characteristics of the population. This would allow the results to be generalised back to the
population. Unfortunately, it is difficult to select a sample that accurately reflects the ages, genders
and health status (and the list goes on!) of the population.

Convenience sampling is when a sample is chosen opportunistically. For example, you might select
the next 10 people you pass on the street, or the members of your class. This can create a bias, as the
sample may not represent the population accurately. Random sampling is a more valid technique
and is commonly used (Figure 1.33). Random sampling is conducted by using a random number
generator, or even pulling names out of a hat. It is still possible to get a biased sample that does

not represent the population well, even when selected at random, and especially if you use a small
sample size.

Step 3

Stc_ap 1 Step 2 Generate random _Ste_p_4
|dentify the . Select individuals to
: Assign a number numbers based on ) .
population . : S include using the

to each individual in how many individuals 4
of research . : corresponding
: the population are to be used in the :
interest assigned number

sample

Figure 1.33 A flowchart showing the process of selecting a random sample from a population

Stratified sampling involves dividing the population into distinct groups (called strata). For
example, they could be grouped by age (such as 0-29, 30-59, 60-99), by IQ, salary or political
views. A random sample is then selected from each stratum in the same proportion as they occur
in the population. This ensures a more even spread in the sample and is more likely to represent
the population. An example of the process is shown in Figure 1.34.

30-34
(5%)
35+ /
(10%) =
15-19 6 1
All members (30%)
of a football —>
competition (100%) 25-29
20-24 (35%) 7
(20%) 4
Population Strata Stratified sample:
(% in each age number of
bracket) members in each

age bracket

Figure 1.34 An example of how a stratified random sample of 20 participants can be selected from a
population of football players. The number of participants selected in each age range is in proportion to the
number of players in the population in that age range.
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the purpose of
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Type of sampling

Convenience sampling

Interested? Interested?

41X R
ﬁ"nn

Random sampling

PR :
ﬁ@ﬁ%ﬁ@

Stratified sampling

o .ﬁﬁ
10 T

Table 1.3 An overview of sampling techniques

Definition

A sample is selected

in the simplest way
possible — for example,
asking people that

you know if they are
interested to take part
in the experiment or
not.

A sample is selected
by ensuring that

every member of the
population has an
equal chance of being
picked to take part in
the experiment — for
example, use a random
number generator or
pick names out of hat.

A sample is selected
by dividing the
population into groups
(strata) from which

the participants are
then selected in the
same proportion as
what is seen within the
population.

Advantages

It can be quick and
easy to pick people
who are easily
accessible.

This is a fair way to
select the sample as
each member of the
population has an
equal chance of being
chosen. It can also

be quick and easy to
assign each member
of the population a
number and to then
use a random number
generator.

This accurately reflects
the population of
research interest.

Disadvantages

Only people known to
the experimenter or
people who are easily
accessible are used,
which may cause a
biased sample group.

This method may

not be practical or
representative of the
population of research
interest.

[t may be time
consuming to divide
the population of
research interest into
appropriate groups
(strata) to then select
the correct proportion
of participants from.

Once a sample is selected, participants are allocated to either the control or experimental

random allocation
participants are
randomly placed in
the control group
or experimental
(treatment) group

matched
participants design
a research design

in which similar
participants are
paired and then
randomly allocated
to either the control
or experimental
group

independent
groups design

a research design
in which two
separate groups
of participants are
used as the control
and experimental
groups

ISBN 978-1-009-60347-8

thereby acts as the control.

Shaw et al.

group. Random allocation reduces the likelihood that factors such as age or gender might act
as extraneous variables. For example, if participants were allowed to choose their own group,
the control group might end up with healthy people who do not wish to take the trial drug.
The experimental group might contain individuals who are keen to improve their health with
medication. Ideally, both groups will be balanced. This procedure can be further strengthened
by using techniques such as matched participants design. This means participants are paired
up based on similarity (in age, for example) and then randomly allocated to each group. One
participant from each pair receives the treatment, while their partner receives the placebo, and

In an independent groups design, each group is only exposed to either the treatment or the
control. A repeated measures design involves the groups swapping over and completing the
experiment again. Ideally, participants remain blinded throughout. This means data are collected
on their response to both the control and experimental conditions. This is like an extension of the
matched participants design in that every participant acts as their own matched partner!
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. repeated
Tl'y this 1.2 measures design

a research design

Identify the experimental design features that exposes the
. . . . . . . L. same participants
Researchers are investigating if sleep deprivation has an impact on driving performance to both/all the
" . . . . . experimental
(specifically, reaction time) in probationary drivers. conditions

All probationary drivers registered with VicRoads are divided
by gender and allocated a number. A random number
generator is used to select 102 males and 98 females, as this
reflects the proportion of each gender who are registered.
All 200 participants then sit a baseline driving simulator

test and are matched with a partner who scored the closest
to them (i.e. top two performers are paired, worst two
performers are paired, and so on). One member from each
pair is allocated to the control group (who is told to get a
'normal’ night's sleep) and one member is allocated to the
experimental group (who is only allowed four hours of sleep).
The next day, they sit the driving simulator test again and
their reaction times are measured.

1. What is the population of research interest?

2. Which sampling technique was utilised?

3. s this an example of a matched participants design or

a repeated measures design?

4. Would it have been possible to blind participants to Figure 1.35 A driving simulator
their group allocation?

5. Can you identify any limitations in this methodology?

6. Would this study have good external validity?

Quick check 1.8

1. State one advantage of using convenience sampling to select participants.
2. Describe one method for selecting a random sample of participants.
3. Explain how random allocation reduces the effect of extraneous variables on the data.

Practical 1.4

Do brands influence taste?
Aim
To investigate whether knowing the brand of a food affects a consumer's taste perception

Background
Consumers often prefer well-known brands to generic brands, despite some of their products coming out of the

same factory!

Recently, the difference in quality between the cheapest and most expensive brands has narrowed. Supermarkets
have devoted more effort to marketing their own brands. It's not a coincidence that the big brands (and the
supermarket's own brand) are placed at eye level on the shelf.

continued ...
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A team of psychologists investigated how packaging and taste affect brand preferences in consumers. The
participants were all regular supermarket shoppers. They were chosen through a stratified process according
to gender (70% females and 30% males) and occupation (70% employed, 30% not

.. . Likert scale
currently employed). Data were collected from 93 participants. The median age category 5 e sl
was 35-49 years. Participants were given three biscuits to taste: two were from leading IR ST

participants rate
manufacturing brands and one was a generic brand product. Preference was measured on hﬁw strongly ]
. . . N they agree with a
a Likert scale with a range of seven points, where 1 indicates very low preference and 7 statement

indicates very high preference.

They were asked to rank the biscuits on their taste. The participants were then shown the packaging for each
product and asked to rank the products for a second time.

Tables showing mean scores of participants' blind and packaged taste tests

Blind taste test Mean score Packaged taste test Mean score
Leading brand 1 5.1 Leading brand 1 5.4
Leading brand 2 4.2 Leading brand 2 4.4
Generic brand biscuit 3.9 Generic brand biscuit 35

The results showed that when the participants were not aware of the brand or packaging they generally ranked the
products purely according to taste. When shown the brand packaging, some participants adjusted their rating after
finding out which brand it belonged to. This is supported by the data, which show a reduction in the mean score
for taste for the generic brand biscuit when participants were aware of packaging. There was found to be a clear
influence of brand and packaging on consumers' tastes preferences.

Your task
Create a scientific poster addressing the following research question (you may want to follow the template for a
scientific poster in Figure 1.40, section 1.3):

Does knowing the brand of a food affect a consumer's taste perception?

You will use the biscuit example above as background information into the brand of food having an influence on

the perception of taste. As this is a subjective experiment, a repeated measures design will be used. You will also
be expected to obtain informed consent from all participants. If every member of the class can recruit and test at
least two participants, then the combined data from each can be used as part of the class results.

Materials

* branded original flavoured potato chips (e.g. Smiths)
* generic brand original flavoured potato chips

* two plates

e cup of water (to clean palate during taste test)

* taste preference data sheet

* pen

e informed consent sheet

Method

1. Copy the following results table for the class results.

2. Choose two participants for the taste test. Recall the stratified sampling technique when recruiting participants;
for example, try to get one person from each gender or two participants who are of different ages.

3. Inform participants about the experiment and provide an informed consent sheet for them to sign. The sheet
should outline the aim of the research project, the time commitment involved, and any potential risks and
benefits they might expect to receive. It should also detail that their results will remain confidential and that

they have the right to withdraw at any stage.

continued ...
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4. Check that your participants have no known allergies.

5. Present the participants with the chips without any knowledge of which brand is which. Ask them to rate the
flavour and record on a data record sheet under a section titled 'Blind taste test', on a scale of 1 to 5 (see
example scale below).

6. Then present the participants with the same plates of chips and place the packets next to each plate so they
are aware of the brands. Ask them to repeat Step 5, this time recording their taste scores in the 'Branded taste
test' section of the data record sheet.

7. Record the age and gender of each participant.

Data record sheet

Participant:
Age: Gender:
Blind taste test
Taste rating Terrible Poor Adequate Good Excellent
Sample A 1 2 3 4 5
Sample B 1 2 3 4 5
Branded taste test
Taste rating Terrible Poor Adequate Good Excellent
Sample A 1 2 3 4 5
Sample B 1 2 3 4 5

8. Collate the data as a class and summarise it in the results table shown below.

Results
Table showing taste test scores

Average numerical score | Average numerical score Difference in taste
for taste quality (from for taste quality (from quality score
a scale of 1-5) during a scale of 1-5) during
blind test known brand test

Smiths (or other
well-known brand)

Generic brand

Discussion: Analysis

1. Represent the data as a graph with relevant axes labels and title.

2. What do the mean scores suggest regarding participants' perception of taste when blinded to brand
compared to when they are aware of the brand?

Discussion: Evaluation

1. List and explain two possible extraneous variables that may affect the results.

2. List and explain two possible limitations that may impact the results.

3. What future improvements would you recommend should this experiment be replicated?

Conclusion

1. Make a claim about the effect of knowledge of brand on taste preferences in a food product.
2. Support your statement using the data you gathered and include potential sources of error.

3. Explain how the data support your statement.
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Legal, economic and social implications

In addition to ethics, scientists must also consider the legal, economic and social implications of
their research.

Scientific research must follow the relevant state and national laws, and the research may in
turn influence the development of new laws and policy. For example, a geologist's surveys
(fieldwork) may identify significant and previously unknown large seams of coal in Victoria.
This may influence politicians when they are considering our transition away from fossil fuel

power production.

The economic priorities of a country impact how funding is allocated to scientific research. In
Australia, three main bodies administer funding:

o the National Health and Medical Research Council NHMRC)

o the Medical Research Future Fund (MRFF)

o the Australian Research Council (ARC).

The ARC has responsibility for funding all non-medical research. That's everything from
astrophysics to zoology! To access funding, researchers are continually engaged in making

grant applications. There is a lot of pressure on scientists to publish frequently to maintain their
professional credibility. The results of their research can have economic implications too. Consider

the profit that stood to be made from the first Australian company to produce a COVID-19 vaccine!

Scientific research must also follow what is considered socially acceptable within a community. This
will differ between countries and is influenced by culture and religion. Scientists need to take an

objective stance as they conduct their research, which means putting their own biases aside.

Figure 1.36 The Hazelwood coal-fired power station in Morwell, Victoria, was decommissioned in 2017.
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Science as a human endeavour 1.3

The CRISPR baby debacle

CRISPR-Cas9 is a defence system in certain '..'
bacterial cells, which has been repurposed ®°,

as a gene editing tool. The technique o. D

allows the DNA of living organisms to be ... :5’.\_

cut at specific locations, for the removal % 3 O
of certain genes or insertion of new Q _:‘::,.3‘ o b
ones. It has applications in the genetic 0 —~ @
modification of food crops, as well as in d . ...

medical settings. This could help with ....

the eradication of inherited genetic .. %

diseases and the treatment of diseases ° Py

causes by DNA mutation, like cancer.
The development of the technique earned two of the researchers, Jennifer Doudna and
Emmanuelle Charpentier, the Nobel Prize in Chemistry in 2020.

The technique has proven highly controversial. In 2018, Chinese doctor He Jiankui used

CRISPR technology to edit the genome of embryos (making them resistant to HIV). Two were
successfully carried to term, creating the world's first gene-edited babies. His actions earned him
a three-year jail sentence in 2019, but he vowed to continue his research upon release. China
has since tightened its legal regulations surrounding experimental biomedical research, but
critics fear it hasn't gone far enough. Educational and governmental research facilities are subject
to ethical governance, but privately funded research ventures can go largely unregulated.

There are possibilities for non-therapeutic applications of this technology, such as modifying
embryos for desirable traits. This has substantial commercial appeal given the process is
relatively inexpensive. But it has social and economic implications as there is likely to be
inequality in access to the technology according to your country and financial situation. It

could also lead to the stigmatisation of certain diseases or traits, and may have implications for
whether individuals could access health insurance or face discrimination in employment. Like
many genetic engineering tools, there are arguments for and against the use of the technology.
The difficulty lies in defining and enforcing which applications it can be legally used for and
which applications are deemed to fall outside accepted social and ethical norms.

Section 1.2 review . i
Go online to

. . access the
Online j Section y—| &= Teachers can & \u,. interactive
quiz questions = u assign tasks 9 section review

and track results and more!
Section 1.2 questions
Remembering
1. Name two pieces of specialised equipment that might be used in a titration.
2. Complete this paragraph by filling in the blanks:
In a study measuring the impact of a new drug for people with diagnosed anxiety, the group
that received the placebo treatment is known as the group, whereas the
group with participants who are exposed to the independent variable (and receive the new
drug) is known as the group.
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Understanding
3. Explain how the use of a data logger can be beneficial to an experiment.
4. Explain the difference between random sampling and random allocation of participants.

Applying

5. Explain how you can control for the placebo
effect, using a relevant research example.

6. Take the readings from the burette on the right

to determine the overall titre volume. A — | 33
Initial reading: Final reading: A
Titre:

7. Pauline was interested in conducting research E—
that involved human participants, investigating
the effects of temperature on memory recall.

Outline three pieces of information she must
include on her informed consent form.

Analysing
8. Contrast between a model and a simulation.

Evaluating

9. One example of a model is a globe to represent Earth. Propose another example of a model
that has been updated over time.

10. A researcher was investigating how driving performance was impacted by blood alcohol
concentration (BAC). Thirty participants who responded to an advertisement on Facebook
were included in the study. They were tested in a driving simulator under each of the
following three conditions: BAC = 0.00 (no alcohol in system), BAC < 0.05 (BAC under
the legal driving limit) and BAC > 0.05 (BAC over the legal driving limit). The results are
shown in Figure 1.37 below:

25
S 20
2
(7]
ESP
c =
S5 10
®
(3]
N |
0
BAC = 0 BAC < 0.05 BAC > 0.05

Condition of driver undertaking driving
simulation

Figure 1.37 Bar chart showing number of errors made in the driving simulation according to blood alcohol
concentration (BAC)

a) Identify the research design that was used.
b) Justify why this design would be the best to use in this study.
c) Summarise the results found, based on the data in the graph.
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@ Communicating science

Learning goals

At the end of this section, | will be able to:

1. Evaluate the validity of claims in primary and secondary data.

2. Communicate research findings clearly and effectively using structured practical reports
and scientific posters.

You might assume that scientific research that has been published can be trusted. It is important
to remember that scientific knowledge is contestable and is constantly being refined and validated.
Experimental methods should be replicated and expanded upon, and data can be analysed using
new techniques.

Validity in scientific claims

When reporting on your own research, you are communicating about primary data. It is important
that you evaluate the validity of your results. Consider the reproducibility of your method and the
internal validity of your data (discussed earlier in this chapter). You might want to consider some
of the following:

o Were any assumptions made that might affect the conclusions you have formed?

« Have you assumed that the sample of participants represented the population?

» Have all extraneous variables been controlled?

o Are there multiple possible explanations of the data, beyond your own conclusion?

When forming a conclusion, you will always follow these steps:
1. Address the research question.

2. Provide a general statement that refers to your findings.

3. Justify this with the data from your experiment.

4. Accept or reject your hypothesis.

The strength of your conclusion will be determined by the strength of the research methodology,
data collection and analysis.

The same is true when evaluating claims made based on secondary data. Secondary data has been
collected by someone else for a different purpose. It can be used as the basis of claims in published
scientific studies, government reports and even media sources. Any claims made must be supported
by reasonable evidence, with references provided. They should be objective, free from bias and
supported by data from valid scientific research projects. If you have doubts about the validity of
the claims, investigating the research methodology is a great place to start.

Here are some steps you can take when evaluating the validity of media reports:

o Read beyond the headline. The headline of an article is designed to grab your attention, but
it may not provide a complete or accurate summary of the study. Read the full article to get a
better understanding of the research and the methods used.

o Check the source. Look for reputable sources of information, such as peer-reviewed scientific
journals.

o Look for replication. Scientific findings should be replicated by other researchers before they are
accepted as reliable.
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primary data

data that
researchers collect
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obtained from
observations,
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surveys or
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secondary data
data that have
been collected by
somebody else for
another research
purpose
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o Check the sample size. Studies with larger sample sizes are
generally more reliable than studies with small sample sizes.

o Check the methodology. Look for studies that use rigorous
methods to control for confounding variables and minimise

bias. Randomised controlled trials are generally considered

randomised

senpe el the gold standard of scientific research.

a trial that relies

uh;on ;gndo;n o Look for limitations. No study is perfect, and there may be
allocation O

participants o limitations to the methods used or the results reported. Look
the control an

experimental for studies that acknowledge their limitations.

groups while all
known extraneous
variables are

8
M-M-RvaxPr
controlled :m:;‘:’;mio“ for injed‘m'

Figure 1.38 The MMR (measles, mumps and rubella) vaccine scandal ‘ lMor
began in the late 1990s when British doctor Andrew Wakefield
claimed that the MMR vaccine was linked to autism and bowel
disease. Wakefield's study was later found to be fraudulent, but it led
to a decline in MMR vaccination rates in the UK and other countries.
This resulted in outbreaks of measles and other diseases, causing
serious harm and even death in some cases. Wakefield was eventually
found guilty of professional misconduct and the study was withdrawn.

Try this 1.3

Evaluating headlines
In 2018, a research paper was co-written by William McAuliffe, a psychology PhD student, and

SCuse

published in the esteemed journal Nature Human Behaviour. The paper suggested that people
tend to become less generous over time when making decisions in an environment where they
lack interaction with others.

However, the university's press department may have sought to increase the study's appeal to
news outlets by exaggerating its findings. The press release announcing the study's publication
carried the headline 'Is big-city living eroding our nice instinct?'. Consequently, various media
outlets picked up the story, with headlines such as 'City life makes humans less kind to strangers'

and 'Big city living "switches off human instinct to be nice"'. However, these interpretations of

the study were inaccurate, as it was conducted in a lab, not a city, and only measured investment
behaviour rather than overall kindness.

Your teacher will provide you with headlines and the scientific report they are based on.

Research the methods used by scientists in the provided studies and evaluate the validity of the
headlines written by the media, using the six steps outlined previously.

Quick check 1.9

1. Define primary and secondary data.

2. State three things you might check when evaluating the validity of scientific claims made in
media reports.

ISBN 978-1-009-60347-8 Shaw et al. © Cambridge University Press & Assessment 2025
Photocopying is restricted under law and this material must not be transferred to another party.



Communicating your results

Section 1.3 COMMUNICATING SCIENCE

Scientific texts can range from highly technical to more accessible. This depends on the intended

audience and purpose. For example, a scientific paper published in a peer-reviewed journal will be

written for scientists and academics. Such papers will often use technical language and complex

concepts that may be difficult for the public to understand. Mathematical and symbolic forms may

be used without much explanation.

In contrast, a popular science article or blog post will be written for a more general audience, with

a focus on making complex concepts more understandable. These articles may include anecdotes

and examples to illustrate key points and may
be written in a more conversational tone. These

articles try to engage and entertain the reader.

When comparing these types of texts, it is
important to analyse the author's choice of
language, tone and style. These affect the reader's
understanding and engagement with the topic.
For example, a highly technical paper may
provide a more in-depth analysis of the data but
may be less accessible to non-expert readers. A
popular science magazine may be more engaging
but will lack some of the detail. In some cases,

it may misrepresent the research findings in the
attempt to simplify them.

Presenting investigations as practical reports and
as scientific posters is likely to form part of your
assessment this year. Both documents involve
recording the method under structured headings.
Your teacher may also ask you to keep a practical
logbook. This is where you record information
obtained from background research, development
of your research question and experiments

conducted in class.

Practical reports

An overview of how the steps in the scientific
method align with sections of the practical report

is shown in Figure 1.39.

Scientific posters

Scientific
method

Observe and
ask questions

l

Do background
research (rationale)

!

Define variables and
state a hypothesis

!

Methodology

l

Collect and record
the data

l

Analyse the data

l

Evaluate the data

!

Form a conclusion

Section of a
practical report

Aim or research question

Introduction

Method (includes
materials)

Results

Discussion

Conclusion

Figure 1.39 Steps of the scientific method
matched to sections of a practical report

All of the VCE Science subjects require that students create scientific posters, although the criteria

differ slightly between the subjects. Scientific posters are designed to communicate the results of

experiments in a clear and succinct way. They are suitable for a more general audience, as they are

less detailed than a practical report. There is a standard way of formatting posters, which is shown

in Figure 1.40. This is similar to how scientists present their research findings at conferences.

Scientific posters tend to have a word limit of around 1000 words.
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Section 1.3 COMMUNICATING SCIENCE 47

Publishing a scientific paper

For career scientists, publishing a paper in a peer-reviewed scientific journal such as Science or

Nature is rigorous and competitive. Science receives about 12000 submissions every year, and the

editors must evaluate each submission carefully to select the papers that are suitable for publication.

Here are the steps involved in the process:

1. Submission: Authors submit their paper online through the journal's website.

2. Initial screening: Once submitted, the editors conduct an initial screening to check whether
it meets the journal's requirements. They look at the scope of the paper and the quality of the
writing.

3. Peer review: If the paper passes the initial screening, it is sent out for peer review. The editors
select a few experts who read the paper and provide feedback on its quality, originality and
significance. This is usually a blind process, which means that the reviewers do not know the
identity of the authors, and the authors do not know the identity of the reviewers.

4. Decision: Based on the feedback from the reviewers, the editors decide whether to accept, reject
or request revisions to the paper. If the paper is accepted, it will be published in the journal.

5. Revision: If the editors request revisions, the authors will have to make the necessary changes
and resubmit the paper. The editors will then review the revised version.

6. Publication: Once the paper is accepted, it is formatted before it is published online and in print.

Peptic ulcers

The work of Australian scientists Professor Barry Marshall and Dr Robin Warren on the cause of
peptic ulcers was initially rejected for publication because their findings were contrary to the
belief that ulcers are caused by stress, lifestyle and diet. Marshall and Warren discovered that
ulcers are caused by a bacterium called Helicobacter pylori, but their research was met with

scepticism and criticism from the medical community.

Figure 1.41 (a) Professor Barry Marshall in 2021 and (b) Dr Robin Warren in 2009

continued ...

ISBN 978-1-009-60347-8 Shaw et al. © Cambridge University Press & Assessment 2025
Photocopying is restricted under law and this material must not be transferred to another party.



Chapter 1

SCIENCE SKILLS

Go online to

However, Marshall was so convinced of his findings that he ingested the bacteria to
demonstrate that it caused gastritis, and later an ulcer. Despite the initial rejection and
criticism, the researchers persisted and continued to gather evidence to support their
findings. Eventually, their work was validated through further research and clinical trials, which
demonstrated the effectiveness of antibiotics in treating ulcers caused by H. pylori. Marshall
and Warren were awarded the 2005 Nobel Prize in Physiology or Medicine for their discovery,
which revolutionised the understanding and treatment of peptic ulcers.

H. Pylori crossing mucus layer of stomach

- H. pylori Gastric  Epithelial H. pylori raises pH, mucin de-gels
pylori Ce”s
gel

Figure 1.42 Helicobacter pylori produces urease, an enzyme that neutralises stomach acid. As a result, the
protective mucin layer of the stomach lining is dissolved, allowing the bacteria to swim through it.

Section 1.3 review

access the . .
ey s Online Section j Teachers can ® w,.
g . : v X . .
section review quiz queStlonS =T assign tasks ?¥
and more! and track results
Section 1.3 questions
Remembering
1. List the headings of the sections of a practical report.
2. State an intended use of scientific posters.
Understanding
3. Explain why peer-reviewed publications are generally considered to be more credible than
those that are not peer-reviewed.
Applying
4. Describe how checking the methodology of a study allows you to evaluate the validity of the
claims being made.
Analysing
5. Contrast primary and secondary data.
Evaluating
6. Explore the website www.dhmo.org.
a) Write a brief description of this website.
b) Does it appear to contain credible information?
c) Is the information true or false?
d) How has the information been communicated to cater for its intended audience?
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Chapter review

Chapter checklist

CHAPTER REVIEW

Success criteria

1.1 | can explain the choice of independent, dependent and controlled
variables in a scientific investigation.

1.1 | can refine a research question to target specific information or data
collection techniques.

1.1 | can assess the validity of an investigation by defining the terms
repeatability, replicability, reproducibility, accuracy and precision.

1.1 | can describe the difference between random and systematic errors,
and calculate both absolute and relative uncertainty.

1.2 | can assess and minimise experimental risk.

1.2 | can apply skills in the use of specialised laboratory equipment, such
as titration equipment.

1.2 | can explain the use of data loggers, models and simulations for
gathering reliable data.

1.2 | can describe the ethical considerations of using animal and human
participants in research.

1.2 | can outline research design features that might be employed in
trials involving human participants that will increase the reliability and
validity of the findings.

1.3 | can evaluate the validity of claims in primary and secondary data.

1.3 | can communicate research findings clearly and effectively through
the use of structured practical reports and scientific posters.

Scorcher @ Review V= Data
competition questions R IJ questions

Review questions

Linked

questions

2, 14b

11, 14a

6,8

10

7, 14d

13, 14c

4,9,12
14e

Remembering

1. Recall what a scientist should do if they discover an Aboriginal or Torres Strait Islander

artefact during fieldwork.
2. Define the following terms.
a) independent variable c) extraneous variables

b) dependent variable d) controlled variables

3. Recall the reason a safety data sheet (SDS) should be understood before conducting an

experiment.

4. List the research design features of a randomised controlled trial that make it the 'gold

standard' in scientific research.
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Understanding

5. Explain how a computer simulation can be advantageous for a researcher.

6. Outline the difference between a random and systematic error, giving an example of each.

7. Outline three rights of human participants, as detailed in the Australian Psychological
Society (APS)'s Code of Ethics.

Applying

8. Identify the missing word in the sentence below:
An experiment demonstrates highly repeatable results. However, it is later discovered that
the researchers used measurement tools that were not appropriately calibrated. The data
can be said to have high precision but low .

9. The findings from an investigation are submitted to a journal for publication. Describe the
process of peer review that determines if the article will be published.

10. Calculate the absolute uncertainty in a balance that weighs correct to one decimal place
(in grams).

11. This diagram shows the initial and final burette readings during a titration. Calculate the
volume of the titre.

24 — 416 ——
25 ——— 47 ——
Initial reading: Final reading: Titre:

Analysing

12. A student sets out to conduct a literature review in order to refine their research question.
They conduct a search of appropriate databases using the experimental variables as
search terms and then write a summary of all the available search results. Identify which
critical intermediate step of conducting a literature review they have missed.

13. A rabbit that is being used during a scientific experiment is infected with a virus and then
randomly allocated to a group that receives a placebo treatment. Justify whether this
rabbit has been allocated to the control group or the experimental group.

Evaluating

14. A student was interested in testing the effects of sleep deprivation on memory recall in
secondary school students, so he decided to conduct his own study. He chose four of his
friends to be the participants. Two of them went without sleep for 24 hours and were then
given two minutes to memorise 20 three-letter nonsense words (e.g. pud, wes). Their recall
of these words was then tested. The other two friends were allowed to sleep for their usual
time period and were given the same memory test. The results are shown below:

Experimental condition Average recall of three-letter words (out of 20)
Sleep-deprived group 3
Non-sleep-deprived group 11

a) State a testable hypothesis for this experiment.

b) Outline two possible extraneous variables.

c) Identify what participant sampling technique he employed.
d) Discuss whether this experiment was ethically sound.

e) Write a conclusion based on the results shown above.
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Data questions

Applying

1. The table below shows the effect of changing the pH of a pond on the number of tadpoles
in the pond.
Table showing the number of tadpoles according to the pH of pond water

pH of water Number of tadpoles

Trial pond 1 Trial pond 2 Trial pond 3
8 45 44 43
7.5 69 71 70
7 78 80 81
6.5 88 85 89
6 43 43 43
5.5 23 24 5

a) Identify the independent and dependent variables in this study.
b) Identify the optimum pH for tadpole survival.
c) ldentify an outlier in the data.
d) Identify at which pH value the data were most precise.

Analysing

2. High school students were analysing the amount of ethanoic acid in a commercial
vinegar sample and had made up a dilute solution of 0.1mol L' ethanoic acid based on
the concentration of ethanoic acid given on the bottle of vinegar. The students set up
a titration with 20.00 mL of their ethanoic acid in a conical flask (via pipette) and filled a
burette with 0.1mol =" NaOH. If the ethanoic acid content quoted on the vinegar bottle
was correct, the students hypothesised that 'If 20 mL of 0.1 mol L ethanoic acid is present,
then 20 mL of 0.1mol L=' NaOH will be required to reach an end point'. The titration data
from the two students attempting six repeated trials are tabulated in the table below.

Table showing the titres required to reach the end point

Volume (mL) 0.1 mol L-' NaOH to end point

Titration Gl 4 Student 2
1 19.95 20.50
2 20.00 20.50
3 20.50 20.50
i 22.70 29.30
: 19.95 20.40
. 20.00 20.40
Mean

a) Identify and circle any outliers in each student's trials.

b) Calculate the mean volume of NaOH required to reach the titration end point, after
removing outliers for each student.

c) The 'true’ value for the titration, given the actual concentration of ethanoic acid,
should have been 20.00 mL of 0.1 mol L-' NaOH. Recognise the validity of this
experiment for identifying the concentration of ethanoic acid.

d) Contrast the data tabulated. Was each student accurate?

e) Analyse the data tabulated. Were the students precise?

f) Justify whether the data presented by students 1 and 2 provide evidence to support
the hypothesis.

g) Based on the data presented, infer whether the experiment was repeatable and reproducible.
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Concept map

Section 2.1

Nucleotides contain: Section 2.2

a pentose sugar .
a phosphate group Section 2.3
a nitrogenous base .

(A, G, CorT (or Uin RNA)). Section 2.4

made of

Required to make

proteins via

processes involving: <———
e transcription

DNA
Genetic material in
humans and other
living organisms

Patterns of
——> inheritance in characteristics
that are passed on

e translation. l
Tools for analysis: -
undergoes ® Punnett squares
replication ° pedigrees
prior to
M|t05|s'(for groyvth ar}d repair; Can change
results in genetically identical cells) (mutate)
and meiosis (for reproduction;
results in genetically different cells)
. DNA can be
changes can be t);}pes © purppsely
changes manipulated.
Beneficial Gene mutations Genetically modified
Harmful Chromosome organisms (GMO)
Neutral mutations Gene therapy
. .
e
L
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e
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Curriculum content

genetic inheritance involves the function of DNA, chromosomes, genes and alleles, and the roles
of mitosis and meiosis in passing on genetic information to the next generation; the principles of
Mendelian inheritance can be used to predict ratios of genotypes and phenotypes in monohybrid
crosses involving dominant and recessive traits (VC2S10U04)
* using models and diagrams to represent the relationship between genes, chromosomes | 2.1
and DNA of an organism's genome
explaining how genetic information passed on to offspring from both parents by meiosis | 2.2
and fertilisation increases the variation of a species
using the concept of Mendelian inheritance to predict the ratio of offspring genotypes
and phenotypes in monohybrid crosses involving dominant and recessive alleles or in
genes that are sex-linked
using pedigree diagrams to show patterns of inheritance of simple dominant and
recessive characteristics through multigenerational families
exploring the role of DNA in cancer or genetic disorders such as haemochromatosis, 2.4
sickle cell anaemia, cystic fibrosis and Klinefelter syndrome ‘
scientific knowledge is contestable and is validated and refined over time through expanding
scientific methods, replication, publication, peer review and consensus (VC2S10HO1)
e examining how the work of Rosalind Franklin and Raymond Gosling was critical to
determining the double-helix structure of DNA, reported by James Watson and
Francis Crick

e exploring the role of large data sets and statistical analysis in validating scientific 123
findings, such as Gregor Mendel's experiments with pea plants

the use of scientific knowledge to address socio-scientific issues and shape a more sustainable future
for humans and the environment may have diverse projected outcomes that affect the extent to
which scientific knowledge and practices are adopted more broadly by society (VC2S10HO03)

* investigating why agricultural practices have changed to include widespread use of 2.4
genetically engineered crops

Victorian Curriculum V2.0 F-10 © VCAA 2024
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Glossary terms

Allele

Aneuploidy

Autosome

Carrier

Centromere

Chromatin

Chromosome

Chromosome mutation
Codominance

Codon

Complementary base pairing
Deletion

deoxyribonucleic acid (DNA)
Diploid (2n)

Dominant

Embryo

Fertilisation

Filial

Gametes

Gene

Gene mutation

Gene therapy

Genetic engineering

Genetic screening

Genetically modified organism

Genetics

ISBN 978-1-009-60347-8
Photocopying is restficted under law and this material must not be transferred to another party.

Genome
Genotype
Germline mutation
Gonads

Haploid (n)
Heredity
Heterozygous
Homologous chromosomes
Homozygous
Hydrogen bonds
Incomplete dominance
Induced mutation
Insertion

Inversion
Karyotype

Locus

Meiosis

Mitosis
Monohybrid cross
Monomer
Mutagenic
Mutation

Non-disjunction

Non-homologous chromosomes

Nucleotide

Shaw et al.

Ova

Pedigree
Phenotype

Point mutation
Polymer
Polypeptide
Punnett square
Recessive
Recombination
Reduction division
Sex chromosomes
Sexual reproduction
Sister chromatids
Somatic cells
Somatic mutation
Spontaneous mutation
Substitution
Telomeres

Test cross
Transcription
Transgenic organism
Translation

Trisomy

Zygote
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WORKSHEET
DNA structure

VIDEO
Structure of
DNA

genetics

the study of genes,
genetic variation
and heredity

gene
a length of
chromosome made
of DNA; the basic
unit of inheritance

heredity

the genetic passing
on of traits from
one generation to
the next

deoxyribonucleic
acid (DNA)

the molecular

unit of heredity,
containing the
genetic information
responsible for

the development
and function of an
organism

polymer

a molecule

made from many
repeating subunits
called monomers

monomer

a single subunit
that when joined
together repeatedly
makes a polymer

nucleotide

a monomer subunit
of a nucleic acid,
consisting of a
phosphate group
bound to a five-car-
bon sugar, which in
turn is bound to a
nitrogenous base
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Introduction to genetics
and DNA

Learning goals

At the end of this section, | will be able to:

1. Recall the components that make up the structure of DNA and RNA molecules.
2. Describe the relationship between DNA, genes and chromosomes.

3. Describe the steps in which DNA is used to synthesise proteins.

Genetics

Genetics is the study of how certain traits (characteristics) can be inherited from a previous
generation. It involves the study of genes, genetic variation and heredity. Genes are considered
the basic unit of inheritance. They are made of deoxyribonucleic acid, or DNA for short. This
hereditary material is passed from parents to offspring and is considered the blueprint for living
things, containing the information needed to specify traits.

Structure of DNA

DNA is a double-stranded molecule that forms a 'double-helix' shape, like a twisted ladder. DNA is
a polymer made up of many monomer subunits called nucleotides.

The nucleotides that make up DNA have three major components:

 afive-carbon (pentose) deoxyribose sugar

 anitrogenous base — one of adenine (A), guanine (G), cytosine (C) or thymine (T)
o anegatively charged phosphate group.

The nucleotides bind together to form two long strands that wind around each other. The bonds
that hold nucleotides together are called phosphodiester bonds. Each strand has a backbone made
of alternating deoxyribose sugar and phosphate groups.

Nucleotide Nitrogenous bases
Phosphate X Adenine
Nitrogenous @ Cytosine
base
""" Guanine
Thymine
Sugar
Thymine 2 Adenine Guanine (I Cytosine

Figure 2.1 The double helix structure of DNA: the subunits called nucleotides all join up to form the
double-stranded DNA. Note the sugar—phosphate backbone on the edge of the DNA molecule and
the nitrogenous bases joining in the centre.
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The nitrogenous bases from one strand
bind to complementary bases on the other
strand using hydrogen bonds.

Adenine (A) always pairs with thymine (T),
and guanine (G) always pairs with

cytosine (C). One way to remember

the A-T and G-C pairings is 'Apple

in the Tree, Car in the Garage'. This
complementary base pairing occurs
because of the shape of the nitrogenous
bases and the number of hydrogen bonds
they can form (Figure 2.3).

Guanine and adenine have a double-

ring structure, which means they belong
to a group of chemical molecules called
purines. A helpful way to remember that
adenine and guanine are purines is 'Pure
As Gold'. Cytosine and thymine have a
single-ring structure and belong to the
group called pyrimidines. Purines always
pair with pyrimidines, but the number of
hydrogen bonds between them depends on
the structure. Guanine binds with cytosine
with three hydrogen bonds, while adenine
and thymine form two hydrogen bonds.

ISBN 978-1-009-60347-8

Section 2.1 INTRODUCTION TO GENETICS AND DNA

hydrogen bonds
intermolecular
chemical bonds
that hold the

two DNA strands
together

complementary
base pairing
adenine only binds
with thymine and
cytosine only binds
with guanine

L~ Pyrimidines

Figure 2.3 A closer look at the structure of DNA. The sugar—
phosphate backbone forms the outer edge of the helix and
the nitrogenous bases form complementary pairs in the centre.
Hydrogen bonds hold the two strands together.
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Try this 2.1

Modelling DNA using lollies

Be careful
Materials Do not to consume &
* liquorice ribbons or sour strips lollies in the laboratory.
e ahandful of jelly babies Beware of allergies.

e toothpicks

Method

1. Sort the jelly babies into four groups of colours.

2. Pair up the jelly babies so that one particular colour always goes with another particular colour —
for example, red with yellow and orange with green.

3. Place a pair of jelly babies onto each toothpick as if you were making lolly kebabs. Ensure that
the pairs are always of matched colours.

4. Attach your lolly kebabs to the long strips of liquorice.

5. Keep doing this until you have about five to seven horizontal toothpicks attached and it starts
to look a bit like a ladder.

6. The paired coloured sweets represent the base pairs, while the liquorice is the
sugar-phosphate backbone.

7. Pick up your lolly ladder and twist it to represent the double helix shape of DNA.

Practical 2.1

Extracting DNA from cells
. Be careful ij
Aim Wear safety glasses

To investigate and extract DNA from strawberries and a lab coat. Do

Materials not consume food items.

e plastic sandwich bag (or other material to contain
strawberry and liquid)

e strawberry

e DNA extraction mixture provided (10 mL)

e filter funnel and gauze (or other gauze-style filter)

e cold ethanol solution

e testtube (or small beaker)

e stirring rod

e plastic pipette

DNA extraction mixture:

e dishwashing liquid or shampoo (5 mL)
e table salt (0.75 g)

e water (45 mL)

Method

1. Wash the strawberry with tap water and remove the green leaves. Add the strawberry to the
plastic sandwich bag.

2. Add the DNA extraction solution (10 mL) and close the sandwich bag, removing the
excess air.

continued ...
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3. Squash the strawberry into the liquid using your hands until the strawberry is roughly crushed.
4. Pour the strawberry mixture through a filter funnel lined with gauze into a test tube.

Filter funnel

Gauze
Strawberry mixture

Test tube

5. Discard the gauze and strawberry remains into a bin.

6. Add to the test tube an amount of cold ethanol equal to the volume of liquid already in
the test tube, using a plastic pipette.

7. Collect the white solid that forms on the stirring rod. This is DNA.

Results
Write observations for what occurs during each step of the method.

Discussion: Analysis

1. Describe whether the white solid could contain all of the DNA of the strawberry.

2. Visually compare the amount of solid you collected to that of other groups in the
classroom. Were the results consistent? Explain your answer.

Discussion: Evaluation

1. Describe the variables that were not kept consistent between groups in the classroom.

2. Suggest any changes that could be made to the method to improve the quality of the
recorded data in future experiments. Justify your suggestions by explaining how each

change would improve the data quality.

Conclusion

1. Make a claim about the efficiency of this method for extracting all the DNA from a
strawberry.

2. Support your statement using your and other groups' observations, and include potential
sources of error.

3. Explain how the data support your statement.

How long is DNA?

The DNA found in only one cell, if fully unravelled, would be around two or more metres long!
The length of a piece of double-stranded DNA is commonly expressed as the number of
complementary nitrogenous base pairs it contains. The DNA in an average human cell has an
estimated 63000000 base pairs.
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chromatin

a mixture of DNA
and proteins

that forms
chromosomes

chromosome

a thread-like
structure of tightly
wound DNA and
proteins called
histones

ISBN 978-1-009-60347-8

Chapter 2 GENETICS

Quick check 2.1

1. Recall the three key components that make up a nucleotide.
2. Describe the overall shape of DNA.
3. If a strand of DNA contained the nitrogenous bases seen below, state the bases in its

complementary strand.

DNA strand: ATATAGATAGATCAGACA.

Explore! 2.1

The discovery of DNA

Friedrich Miescher was a Swiss biochemist who first observed DNA in 1869. However, it took

almost a century for scientists to understand the structure of DNA and the mechanisms by which it
carries genetic information.

Research the following scientists who, among many others, contributed to our understanding
of DNA:

e Friedrich Miescher o
e Erwin Chargaff .
e Francis Crick and James Watson

Rosalind Franklin and Raymond Gosling
Maurice Wilkins.

Summarise their contributions and place them on a timeline.

Photo 51 Double helix

b Sample

Figure 2.4 Dr Rosalind Franklin (a) and Raymond Gosling fired X-rays at a DNA strand stretched across a
paperclip in (b) 1952. The resulting picture was critical to the discovery of the double helix structure of DNA,
providing key information that enabled James Watson and Francis Crick to build the first correct model of the
structure of DNA.

What is a chromosome?

The DNA found in the nucleus of a cell is usually in a form called chromatin. This is a highly
organised complex of DNA and associated proteins such as histones. By wrapping around histones,
the long strands of DNA can fit inside the nucleus. When it is time for the cell to replicate,
chromatin condenses into structures called chromosomes. Each molecule of DNA forms one
chromosome. Along the chromosome are genes, which are the units of inheritance. Genes are

sections of DNA that hold the specific instructions required for making every protein in our bodies.

Shaw et al.
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Chromosome

Figure 2.5 The relati

The familiar X-shape of a
chromosome is only seen after
DNA replication has occurred.
Shortly before replication,

the chromosome appears

as a single condensed DNA
molecule. DNA replication
produces two identical sister
chromatids that are joined
together by centromeres to
form the distinct X-shape
(Figure 2.6). At the ends of each
chromosome are protective
structures made of DNA and
protein called telomeres. These
protect the chromosomes, but
every time DNA replicates, the
telomeres shorten. Eventually,
the telomeres shorten to the
extent that replication can no

longer occur.
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DNA structure

~— Histone

DNA

— Gene
Sister chromatids

Centromere

Nucleotide
base pairs:
Guanine
¥ Cytosine
[ Adenine
Thymine

onship between DNA and chromosomes

Telomeres

Centromeres

Sister chromatids

Telomeres

One chromosome One chromosome
(duplicated)

sister chromatids
two copies of the
same chromosome,
connected at a
centromere

centromere

a structure that
holds two sister
chromatids
together

telomeres
structures made
from DNA and
proteins that
protect the ends of

. s . . chromosomes
Figure 2.6 Before replication, a chromosome is a single molecule (left).
After DNA replication, each chromosome consists of two molecules
called sister chromatids (right).
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Chromosome

Chromatid
One of two strands of DNA

that makes up a chromosome
Centromere

Connects the two chromatids
and is the location where
fibres attach during cell division

Telomeres

Protective molecular caps
of repeating DNA located at
the ends of chromosomes

Figure 2.8 A scanning electron
micrograph of a duplicated
human chromosome

Figure 2.7 The distinct X-shaped chromosome, showing the two sister chromatids and
the centromere

Making thinking visible 2.1

Compass points: Telomeres and immortality

Telomeres contain thousands of repeated copies of the base sequence TTAGGG. When we are infants, our telomeres
are approximately 10000 bases long, but each time the cell divides, they slowly get shorter. A cell will die when its
telomeres become too short. By the time we are in our eighties, our telomeres may only be 5000 bases long, but this
varies from tissue to tissue and from person to person. A person in their thirties may well have telomere lengths of a
person in their nineties and vice versa.

This means that telomeres are a key component of ageing, and there are efforts to use them to slow down or reverse
the ageing process. Some companies say they can measure your telomere length, suggesting that it will indicate your
true biological age. Despite limited evidence, there are also companies that sell products that they claim can maintain
or lengthen telomeres — in effect, making you younger or possibly allowing immortality.

Complete the Compass points activity about manipulating telomeres to prevent ageing:

E = Enthusiastic M
What generates enthusiasm within you x

regarding this concept? What are the potential / \
benefits?
~ (o) _—
W = Worries A
What causes concern about this idea? What are J & J &

the potential drawbacks? m\ m\ m\ m —_— x
N = Need for information /j / \ J \ x \

What other details or facts are necessary to
. . o . é
evaluate this idea? What additional knowledge A , 4

would aid in assessment? ) o
Figure 2.9 Telomeres shorten every time a cell divides.

S = Suggestion for progress

What is your current viewpoint or proposal regarding this idea? How can you continue to assess this concept?

The Compass points thinking routine was developed by Project Zero, a research centre at the Harvard Graduate School of Education.
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Section 2.1

Different forms of nucleic acids

There are four types of biological macromolecules: proteins, carbohydrates, lipids (fats and oils) and

nucleic acids. Nucleic acids are found in two forms: DNA and ribonucleic acid (RNA). The two types VIDEdO
DNA and RNA
of nucleic acids differ in several key ways, which are outlined in Table 2.1 and shown in Figure 2.10. il
Feature DNA RNA
Number of strands Two One
Type of sugar CH,OH o CH,OH
O (@]
OH OH OH
Deoxyribose Ribose
Nitrogenous bases Guanine Guanine
Cytosine Cytosine
Adenine Adenine
Thymine Uracil
Where is the Nucleus, mitochondria and Cytoplasm
molecule found? chloroplasts (in eukaryotes) Nucleus
Cytoplasm (in prokaryotes) Ribosomes
Different forms DNA Messenger RNA (mRNA)
Mitochondrial DNA (mtDNA) Transfer RNA (tRNA)
Chloroplast DNA (cpDNA) Ribosomal RNA (rRNA)
Table 2.1 The main differences between the two nucleic acids, DNA and RNA
@ Cytosine @ Cytosine
NH, / NH,
l !
o \N i \N
Il I I I
C C C C
ST, ST,
! !
= Guanine @ Guanine
(0] [¢]
N /!\/H N /Cl\/H
7 c N ) o cC N
H—C/ | | Base pair H—C/ || |
\T/C\N/\N/H \T/C\N/\N/H
H I H I
H H
=X Adenine @=X Adenine
NH, NH,
! !
x x
. C/N\lcl/ \T‘ Sugar—phosphate ; C/N\ﬁ/ \T
- backbone -
N N
I § : I " .
H H
@D Uracil (replaces
Thymine thyrmine)
o] (0]
I I
H,C \C/C\N/H H\C/C\ /H
O J O
H T ° DNA RNA i \
H H
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Quick check 2.2

1. Describe the relationship between chromosomes, genes, DNA and base pairs.
2. Contrast the structures of DNA and RNA.

The purpose of DNA: Making proteins

Why do we need proteins?

Proteins are complex molecules that play a critical role in many body functions. We use approximately
one billion proteins every day, just to function normally. Proteins help provide structure to cells and build
and repair tissue. Protein molecules play many other varied roles in the body; they include haemoglobin
molecules that carry oxygen around our body and the hormones that regulate our glucose levels and
development. Collagen and keratin are structural proteins, making up the structural components of
organs. Digestive enzymes, such as amylase and lipase, are catalytic proteins that help control the rates of
reactions. Other proteins help us fight pathogens, transport molecules and move our muscles.

Explore! 2.2

Protein functions
The many roles of protein include structural, contractile, transport, catalytic, regulatory and
immunological functions. Research the following proteins and determine their function.

Protein Function

Oxytocin
Actin

Ferritin

Insulin

The link between DNA and proteins

Genes are sections of DNA that hold the specific instructions required for making each of the
proteins in our bodies. The sequence of the nitrogenous bases in a gene provides the instructions
(or code) to produce a protein. Amino acids are the monomers of proteins. The order of nitrogenous
bases specifies the sequence of amino acids that forms a particular protein.

Science as a human endeavour 2.1

Misfolding proteins

Alzheimer's disease is a complex neurodegenerative
disorder that is thought to be caused by a build-up
of abnormal proteins in the brain. These protein
deposits are called amyloid plaques and are
composed of misfolded amyloid-beta protein.

Many different genes have been found to increase

susceptibility to Alzheimer's disease. Dr Alison Goate
is credited with being the first to discover a gene

Figure 2.11 Alzheimer's disease is characterised
by changes in the brain due to the death of
neurons. It is the leading cause of dementia.

that directly causes Alzheimer's. Dr Goate's work has
laid the groundwork for a better understanding of
amyloid plaque formation and the development of
possible treatments for the disease.
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Quick check 2.3
i]

Recall why proteins are important.

2. Describe the relationship between DNA, amino acids and proteins. W%ﬁgtse'?nEET
synthesis
Protein synthesis
. . . . . . transcription
To synthesise (or build) proteins using the DNA code in genes, the gene must be expressed; that is, the first stage of
. L. . . . . tei thesi
the instruction in the DNA is converted into a protein. This means two processes need to occur: el el

sequence of DNA is

transcription and translation. copied into mRNA

translation
To transcribe means to put into written form, so in this process the DNA code for a specific protein ~  the sec?nd ‘
P . e stage of protein
is ‘'written down' in the form of mRNA (messenger RNA). synthesis in which

a sequence of
mRNA is translated
into a sequence of
amino acids

To translate means to convert into another form, so in this process the code (in the form of mRNA)

is converted into a chain of amino acids, which will then fold into a functional protein.

Uracil
replaces
thymine in T
the mRNA

X

!

N

ity
T

ab

DNA molecule unzips.
One strand of the DNA molecule acts as a
template for the formation of the
messenger RNA.

Figure 2.12 When the DNA double helix unwinds and unzips, one strand of the DNA acts as the template on
which the messenger RNA strand is formed.

Transcription

Transcription happens in the nucleus of the cell. The transcription process requires getting access
to the DNA code in the genes, otherwise the code cannot be copied. Transcription begins when an
enzyme (RNA polymerase) binds to the gene being copied. This causes the DNA double helix to
unwind, allowing the enzyme to read the code on one of the DNA strands. This strand is called the
DNA template strand because it acts as a template for the production of mRNA. The other strand is

called the non-template strand because it is not involved in the production of the mRNA molecule.
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)

WIDGET
Building a
protein

codon

three nucleotides
(base triplet) in
mRNA that code for
an amino acid

polypeptide

a chain of amino
acids forming part
or the whole of a
protein molecule

As the enzyme reads the code on the template strand, it builds a complementary copy of the gene
using RNA nucleotides: C, G, A and U. RNA follows the same complementary pairing rules as DNA,
with one exception. Where DNA has the nitrogenous base thymine (T), RNA has uracil (U). The
newly formed single-stranded RNA is messenger RNA. When the mRNA peels away from the DNA
template strand, the DNA double strands rejoin and wind back up into a helix. The mRNA then
leaves the nucleus and goes to the sites of protein production, the ribosomes.

Try this 2.2

Base pairings
Complete the base sequence of the DNA complementary strand and then the mRNA strand
formed from the DNA template strand given below.

Complementary DNA
DNA template TACCCGAAAGTG
mRNA

Translation

Once mRNA reaches the ribosomes in the cytoplasm, it must be 'decoded’ or translated to make
the necessary protein. The nitrogenous bases in the mRNA are decoded in groups of three called
codons. Each codon in the mRNA specifies which amino acid is added to the polypeptide chain.

Figure 2.13 depicts a simplified version of the process of translation. It occurs at the ribosomes,
which may be freely floating in the cytoplasm or attached to the endoplasmic reticulum (ER). Amino

acids are joined together at the ribosome according to the order of codons in the mRNA molecule.

DNA strand

Transcription
Occuring in the

nucleus
\ 4
mMmRNA
Y Y Y Y
Codon

Translation
Occuring in the
cytoplasm

\ 4
Protein
Chain of amino acids

Figure 2.13 The process of transcription and translation from a DNA molecule to an amino acid chain
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Second letter in the codon

U C A G
Uuu Phe (F UCu UAU Tyr ) uGu Cys () U
U uuc © ucc (o UAC WU e Y BB
r
UUA Leu () UCA © UAA STOP UGA STOP A
eu
UuG UCG UAG STOP UGG Trp(W) G
Cuu CCuU CAU ) CGU U
His (H)
Firet cuc cce CAC cGC C
(of Leu (L) Pro (P) Arg (R) Third
letter CUA CCA CAA CGA A
) GIn (Q) letter
in the CUG CCG CAG CGG G in the
codon AUU ACU AAU AGU U
Asn (N) Ser (S) codon
AUC lle (1) ACC AAC AGC (o
A Thr (T)
AUA ACA AAA AGA A
Lys (K) Arg (R)
AUG Met (M) START ACG AAG AGG G
GuUU GCU GAU GGU U
Asp (D)
GuUC GCC GAC GGC (o
G Val (V) Ala (A) Gly (G)
GUA GCA GAA Glu () GGA A
GUG GCG GAG ' GGG G

Table 2.2 Table of amino acids showing that the genetic code is degenerate, which means that more than one codon
can code for a single amino acid. This redundancy means that 61 of the 64 codons code for the 20 amino acids (the
other three are stop codons).

Table 2.2 shows the 20 different amino acids that form the building blocks for proteins. Using this
table, you can identify the amino acid that each codon codes for. For example, if the first codon of
your mRNA strand is AUG, you locate the A in the left column and the U in the top row and find
where they intersect. At that spot is a box containing four different codons. You then find where the
G in the right column of the table intersects and you will see your codon AUG. Next to the codon it
says Met, which means AUG codes for the amino acid methionine in eukaryotes. The codon AUG
is unique as it is also a START codon. This means that it always is the first codon in the mRNA
molecule that undergoes translation. There are also three STOP codons that signal for the process

of translation to stop, rather than coding for another amino acid.

Science as a human endeavour 2.2

Using biotechnology to produce therapeutic proteins
Traditionally, vaccines contain a weakened virus, or a protein of the virus, to trigger the body's
immune response and provide immunity.

Two of the common COVID-19 vaccines work in that way. AstraZeneca (a viral vector
vaccine) contains material from the SARS-CoV-2 virus within the shell of another virus.
Novavax (a protein subunit vaccine) contains part of the coronavirus spike protein, which is
injected directly.

mRNA vaccines have been in development for decades but had been progressing slowly.
Financial backing from governments and commercial organisations is critical for research, and
the significant funding provided worldwide to address the COVID-19 pandemic accelerated
mRNA vaccine biotechnology.

continued ...
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Figure 2.14 A colourised electron microscope image of SARS-CoV-2 virus particles. The spike proteins
around the edge give coronaviruses their name, as corona is Latin for crown.

mRNA vaccines work differently to traditional vaccines. Instead of delivering a viral protein, the
vaccines deliver mRNA. COVID-19 mRNA vaccines contain instructions for making the spike
protein from the SARS-CoV-2 virus. The Pfizer and Moderna vaccines package the mRNA into
a lipid nanoparticle that can pass through the cell membrane.

Vaccine mRNA is modified to be more efficient at protein synthesis and resistant to degradation.
This means it can be used as a template many times. Manufacturers use computer-controlled
techniques for generating the required strands of RNA. This method is cheaper and safer than
manufacturing proteins or growing viruses. mRNA vaccines have huge potential for preventing

and controlling future epidemics and pandemics.

Quick check 2.4

1. The following codons are found in a strand of DNA: TAA TTA TCG ACT ACT AGC.
State the complementary mRNA strand.

2. Contrast transcription and translation.

3. Infer why it is not necessary to read the code on both strands of DNA when transcribing DNA
into mRNA.
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Section 2.1 review . E
Go online to

access the
interactive
assign tasks 9 section review
and track results and more!
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quiz questions )

Section 2.1 questions

Remembering

Name the basic building blocks or monomers of DNA.

Recall where proteins are created (synthesised) in the cell.

Recall the name for the shape of DNA.

lllustrate and label a nucleotide.

Recall the four bases found in DNA and the complementary base pair rule.
Recall why all mRNA strands start with the codon AUG.

cokRrwbnR

Understanding

7. Describe the purpose of DNA.

8. Describe the relationship between DNA, genes and chromosomes.

9. Make a flow chart to summarise the key steps in transcription and translation.

Applying

10. A template strand of DNA is found to contain the following bases: TAC GGA TCA TCG TGG
GAA GCA GGC ATT.
a) State the complementary DNA strand.
b) Using the above template strand of DNA, state the bases on the mRNA strand.
c) Using Table 2.2, identify the amino acids that this strand of DNA would code for.

11. Explain how cells can produce so many different proteins with only four different
nitrogenous bases.

12. Explain how the genetic information found in the chromosomes within the nucleus of a cell
reaches the ribosomes for protein synthesis.

Analysing

13. Contrast the structures of mMRNA and DNA.

14. Differentiate between the functions of a structural protein and a catalytic protein, providing
examples of each.

15. A template strand of DNA is found to contain the following bases: TCC TGA TGA TGG GGG
GCA AAA CGC GTA.
Something went wrong during the transcription of this template strand, and the mRNA
strand contains the following bases:
AGG ACU ACU ACC CUC CGU UUU GCG CAU.
a) Determine the mistake in the mRNA strand above.
b) Propose the outcome of this mistake on the protein produced.

Evaluating
16. Propose what may occur if there was a problem with a certain protein in your body.
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@ Passing on genetic information
,I;\(:?P::i:ngdi?iiss section, | will be able to:

VIDEO 1. Recall the steps involved in DNA replication.

Sexual 2.

ki Describe the stages of cell division in mitosis and meiosis.
reproduction

3. Define the terms 'diploid" and 'haploid' with respect to human chromosome numbers in
somatic cells and gametes.
4. Use a karyotype to determine information about an individual.

Two different forms of reproduction occur among organisms: asexual and sexual reproduction.

Sexual reproduction requires two organisms to each contribute a gamete; these are the sex cells
| ducti . . . .
?jj:;‘i,{fg;‘;dﬂd;g’: that combine to produce a unique offspring. Gametes are formed in the gonads of the male (testes)
that involves the
fusion of gametes
from two parents
and introduces

é}fsi:trifzgto the form a zygote with a full set of genetic information. The zygote divides and as the number of cells
|

and the female (ovaries). Each gamete contains half the genetic information needed to form a new
organism of the same species. When the gametes — sperm and ova (eggs) — meet and fertilise, they

S increases, cells begin to take on special functions. Eventually, the zygote becomes an embryo.

sex cells (sperm and

ova) with(hFa)Ifthe Male sex organ Female sex organ
usual number of

chromosomes

gonads
the sexual organs:

testes in males and Testis cell Ovary cell
ovaries in females

ova (singular: ovum)
mature female
reproductive cells

zygote

a fertilised egg
produced by the
fusion of male Sperm Ovum

(sperm) and female (haploid) (haploid)

(ovum) gametes

n

embryo

the initial stage of
early development
in multicellular
organisms

haploid (n)

a cell containing
only one set

of unpaired

chromosomes 2n

diploid (2n) . .

a cell containing Zygote (diploid)
two sets

of chromosomes

somatic cells
the body cells of an .
organism Offspring

meiosis Figure 2.15 Sexual reproduction involves a gamete from a male and a
the process by which gamete from a female combining to form a zygote.

the gonads make . . .
haploid gametes You will notice that Figure 2.15 has some new terms:

;\\itosis . o Cells that contain only one set of chromosomes are known as haploid (). Gametes are haploid.
e process by

which diplf?lid o Cells that contain two sets of chromosomes are known as diploid (2n). Somatic cells (body
somatic cells

make identical cells) and the zygote are all diploid.

diploid ies of . . .

t;‘e’n‘lgeﬁiﬁ'&i" o Meiosis is the name of the process by which the gonads make the haploid gametes.

growth and repar o Mitosis is the name of the process by which diploid somatic cells make identical diploid copies

of themselves for growth and repair.
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In humans, the haploid number (n) is 23. This means that gametes contain 23 single unpaired
chromosomes. When the egg and sperm meet and fertilise, the two sets of chromosomes come
together and form the diploid zygote (2n). The zygote contains 23 pairs of chromosomes, meaning
the diploid number (27) in humans is 46. The pairs of chromosomes are called homologous
chromosomes. One copy within each pair was inherited from from each parent. The haploid and
diploid numbers vary between species, but always remain the same for all the organisms within that
species. For example, the platypus has a diploid number (2#) of 52, which means it has 26 pairs of
chromosomes in its somatic cells. This also means the egg and sperm of the platypus contain half this

amount of genetic information, so its haploid number (n) is 26 chromosomes.

Different diploid numbers

The diploid number of chromosomes in a species is not related to whether an organism is
bigger or more complicated. For example, a koala, a tammar wallaby and garlic all have a
diploid number of 16 but are very different!

o

Figure 2.16 Some very different organisms contain the same number of diploid chromosomes.

Quick check 2.5

1. Differentiate between the terms 'haploid cell' and 'diploid cell', providing an example of each.
2. |If a sheep's body (somatic) cell contained 54 chromosomes, calculate how many chromosomes
would be found in its gametes.

How does DNA copy itself?

Before a cell divides, the DNA must be replicated to provide two copies of each chromosome, one

for each new cell (refer to Figure 2.6 for a reminder of what this looks like). This occurs before the

processes of mitosis and meiosis. DNA replication must be precise, otherwise errors can affect the
code in the DNA and lead to mutations (permanent changes in the DNA). The steps involved in

DNA replication are outlined below and summarised in Figure 2.17.

1. The DNA molecule unwinds and 'unzips' (breaks the hydrogen bonds) between the nitrogenous
bases. This happens with the help of an enzyme called DNA helicase.

2. Another enzyme called DNA polymerase attaches new nucleotides to the exposed nitrogenous
bases. The enzyme follows the complementary pairing rule, where adenine can only join with
thymine, and cytosine can only join with guanine. The two new strands of DNA will be identical
to the original parent strand.

3. The newly added nucleotides are connected with new hydrogen bonds, which results in two
identical strands of double-stranded DNA being formed. Each new strand is one-half of the
original strand and one-half that was newly built (Figure 2.18). For this reason, replication is

sometimes described as being semi-conservative.

homologous
chromosomes

a matching pair of
chromosomes with
the same length,
centromere position
and gene locations

mutation

a change in the
genetic code of
acell

WORKSHEET
DNA
replication
and
reproduction
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0 Original DNA strands ~~—
@ Newly synthesised DNA strands

Figure 2.17 DNA replication: (1) the DNA must first Figure 2.18 After DNA replication, the two new strands of DNA each
unwind and unzip and then (2) the new DNA nucleotides contain one parent strand and one newly synthesised strand.

can be added following complementary base pairing

rules. (3) This results in two identical strands of DNA.

Quick check 2.6

1. Explain the purpose of DNA replication.
2. Summarise the steps of DNA replication.

Mitosis

Growth and repair of damaged tissues require a form of cell division called mitosis. Mitosis is also
important in asexual reproduction to make identical copies of cells. The diploid (2n) parent cell
divides to form two diploid cells that are genetically identical, called daughter cells. The sequence
of steps in mitosis is shown in Table 2.3. Mitosis produces every cell in the human body, except

gametes, which are produced by meiosis and result in haploid (n) cells.

The stages of mitosis

Interphase Parent cell is diploid (2n).
2n )reMionx e DNA replication occurs.
(before mitosis) e Chromosomes are not visible.
(reﬁa}tionx e The cell gets bigger.
e Organelles replicate.
Prophase ® The nuclear membrane breaks down.
e DNA condenses and appears as distinct chromosomes.
e Spindle fibres begin to form.
Metaphase e Spindle fibres attach to the centromere of each
chromosome.
e Chromosomes line up along the equator (centre) of
the cell.
Anaphase ® The sister chromatids split at the centromere and are
pulled to either end of the cell by the spindle.
e Spindle fibres then begin to disappear.

Table 2.3 The stages of mitosis —
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Telophase ® The nuclear membrane re-forms around the two sets of
chromosomes, forming two new nuclei.
e The chromosomes decondense and are no longer visible.
Cytokinesis e Division of cytoplasm starts.
2 x2n ® The cell pinches in half and divides into two genetically
(after mitosis) @ @ identical diploid daughter cells.

® In animal cells, a cleavage furrow is formed before the
cells separate (shown in Figure 2.19a).

e Inplant cells, a cell plate is formed to create a new cell
wall between the daughter cells (shown in Figure 2.19b).

Table 2.3 (continued)

Figure 2.19 An animal cell and plant
cell during cytokenesis. (a) An animal
cell forming a cleavage furrow.

(b) A plant cell forming a cell plate.

Making thinking visible 2.2

Connect, extend, challenge: Which cells replicate?

Mitosis is the process of cell division in somatic cells; however, not all cells in the body are able to
divide. Cell division is a highly regulated process and too much replication can lead to diseases
such as cancer.

Mitotic cells are those that are able to divide. These include skin cells, blood cells and cells that
line the digestive tract. Non-mitotic cells no longer undergo cell division, such as neurons in the
central nervous system and cardiac muscle cells in the heart.

Some tissues in the body contain stem cells, which are a special type of cell that can continuously
divide throughout a person's lifetime to regenerate and repair tissue.

Consider what you have just read and then ask yourself:
How are the ideas and information connected to what you already know about cell division?

What new ideas did you get that broadened your thinking or extended it with regard to the
purpose of mitosis in the body?

What challenges or questions has this information created for you?

The Connect, extend, challenge thinking routine was developed by Project Zero, a research centre at the Harvard
Graduate School of Education.

Quick check 2.7

1. State which cells undergo mitosis.

2. Summarise the steps of mitosis.
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Practical 2.2

Observing cells in a dividing root tip
Be careful &

Aim Ensure you carry the

To observe cells carrying out mitosis in a growing onion root tip microscope appropriately:

Materials hold the arm with one hand and

* prepared, stained slide of the growing section of an onion root place one hand under the base.
tip caught at different stages of cell division Ensure you don't make big changes

e microscope in magnification so as not to damage

the glass slide.

Method

1. Using the lowest magnification, place a prepared slide of a
growing onion root tip on the stage of the microscope.

2. Position the slide so that the pointed narrow end of the root tip is clearly visible.

3. Look for a cluster of rapidly growing cells near this region.

4. Observe several different cells at various stages of cell division under the highest magnification of the microscope.

Results

1. Carefully choose one cell with a clearly outlined cell wall and showing chromosomes in a certain stage of cell
division. Sketch a copy of what you observed, labelling the cell wall and the chromosomes. Remember to use
a sharp pencil and to document the magnification the sketch is taken at.

2. Count the total number of cells in the field of view. Then identify all the cells undergoing division and count them.
Number of cells in the field of view:

Number of cells in the field of view undergoing mitosis: ______

3. The mitotic index is a quantitative expression of the amount of cell division that a particular tissue is
undergoing. It is the ratio of the number of cells undergoing mitosis to the number of cells that are not
undergoing mitosis. It can be calculated using the following equation:

o number of cells in the field of view undergoing division
mitotic index =
total number of cells in the field of view
Calculate the mitotic index for the tissue sample you have observed with your microscope.

4. Using the field of view of your microscope, complete the table and calculate the percentage of cells in each

cell cycle stage.
Table showing amount of cells at each phase of the cell cycle
Cell cycle stage Number of cells in that stage Percentage of cells in that stage

Interphase

Prophase

Metaphase

Anaphase

Telophase

Total

5. Use the calculated percentages to predict which cell cycle stage is the longest and which is the shortest in
your sample of cells. Explain your answer.

continued ...
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Discussion: Analysis
1. Explain how you could tell which cells were dividing.

for a particular cell?

Why might this be the case?

Discussion: Evaluation

quality of the recorded data.

Conclusion

1. Make a claim about the percentage of cells in each stage of mitosis in your onion root tip.
2. Support your statement using the data you gathered, and include potential sources of error.
3. Explain how the experiment could be improved.

2. Describe the main features of each stage of cell division. Could you use these to identify the stage of mitosis

3. List the structures in the cells you could observe. Which structures were present that you could not observe?

1. Discuss any limitations to the data collected and suggest any changes that could be made to improve the

Meiosis
Meiosis is the process by which animals and plants produce gametes for sexual reproduction. The
process begins with a diploid (2n) germ cell, located in the gonads, and results in four daughter

cells (the gametes), which are haploid (#). Because of this reduction in genetic material between the

parent and daughter cells, meiosis is also known as a reduction division.

reduction division
cell division

that results in

a reduction of
genetic material in
the daughter cells

The process of meiosis involves two divisions called meiosis I and meiosis II. These steps are further VIDEO
.. . - . Mitosis and
subdivided into distinct stages, as shown in Table 2.4. el
Meiosis |
Interphase ) -~ x e Parent cell is diploid (2n).
2n \ e Cell growth
y { — -
(before meiosis) @ / e DNA replication occurs.
) — A
(— A
Prophase | e The nuclear membrane breaks down, the DNA

over Can occur.

condenses and chromosomes become visible.
e Homologous chromosomes pair up and crossing

Metaphase | Homologous chromosomes align at the equator
in pairs.
Anaphase | e Paired homologous chromosomes separate from

cell by the spindle fibres.

Table 2.4 The stages of meiosis | and meiosis Il

each other and are pulled to opposite ends of the

continued ...
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Meiosis |

Telophase | ® The cell membrane pinches in.

The nuclear membranes re-form.

Two separate nuclei form.

Cytokinesis e Division of cytoplasm starts.
(after meiosis 1) The cell pinches completely into two haploid (n)
daughter cells.

Meiosis Il

Prophase I * Nuclear membranes disappear.
Spindle fibres re-form in both cells.
Metaphase I : : * Chromosomes line up at the equator.

Anaphase || ® The chromosomes are pulled apart, separating the

sister chromatids, which are pulled to opposite
sides of the cell.

The spindle fibres disappear.

Telophase |I ® The nuclear membrane re-forms.

e The chromosomes start to become less visible.

Cytokinesis 4 x n * Division of cytoplasm starts.

(after meiosis 1) ® The cells produce four genetically different haploid
daughter cells (n), each containing half the amount
of DNA that was in the parent cell.

o

In males, the daughter cells are sperm cells and in

‘ ‘ females, they are egg cells.
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Did you know? 2.3

Creating variation

Crossing over occurs in prophase | of meiosis | when homologous
chromosomes get so close together that some of their genetic
material gets exchanged. It results in the chromosomes recombining
to form a new combination of alleles, increasing the diversity of a
species and therefore increasing its ability to respond to changing
environments over time. This is how meiosis can increase genetic

variation. over in prophase |.

Quick check 2.8

1. Describe why the process of meiosis is also known as 'reduction’ cell division.
2. Recall where meiosis occurs in humans.
3. Explain why crossing over is an important process during meiosis.

Fertilisation

In humans, fertilisation occurs when two haploid gametes fuse to form a diploid zygote. For
fertilisation to occur, the sperm must penetrate the outer layers of the
egg. The acrosome is a structure, located in the head of the sperm, that
is filled with enzymes. These enzymes are released to digest their way
through the corona radiata, or outer layer of the ovum. Once the sperm
penetrate the next layer of the ovum (zona pellucida), the cell membranes .
of one of the sperm cells and the ovum fuse together, and the sperm -
nucleus can enter the ovum. The fusing of cell membranes also triggers
a reaction that causes the zona pellucida to harden. This is called the

cortical reaction, and it prevents any more sperm cells from entering. Figure 2.21 A human ovum

Acrosome

Corona
radiata

/—\ O Sperm
nucleus

Egg
nucleus

Zona
pellucida

Zygote nucleus

Figure 2.22 Once a sperm fertilises the egg, the nuclei of the sperm and the egg fuse
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Figure 2.20 Recombination occurs when
homologous chromosomes undergo crossing

allele
a different form of
the same gene

recombination
the rearrangement

of genetic material,

especially by
crossing over

fertilisation

the fusion of

male and female
gametes to form a
zygote
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Explore! 2.3

Types of twins

You, or someone you know, might have a twin
sister or brother. There are two main types of
twins: identical (monozygotic) and fraternal
(dizygotic). However, there is another, very
rare form of twins known as semi-identical
(sesquizygotic). Only two cases have ever been
recorded, one in the US and one in South-
East Queensland. Conduct some research and
answer the following questions:

1. Describe how monozygotic and dizygotic

Figure 2.23 Identical twins

twins are formed.
2. Draw a diagram to show how these different types of twins are formed.
3. Discuss why sesquizygotic twins are so rare.

Quick check 2.9

1. Copy the table below and define the terms.

Term Definition

Meiosis

Fertilisation

Zygote

Haploid
Diploid

2. Identify the missing words in the following sentence.
Male gametes are called , Whereas female gametes are called

Meiosis versus mitosis

Although the processes of meiosis and mitosis have similarities, there are some differences:

o In meiosis, chromosomes recombine by crossing over, producing chromosomes with new
combinations of genes. In mitosis, chromosomes are replicated to make identical copies of
themselves.

o Meiosis involves two divisions that produce four haploid (1) daughter cells containing unique
genetic material that is different to the parent cells. Mitosis involves one division that produces

two diploid (2n) daughter cells with genetic material identical to the parent cell.
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Mitosis Meiosis

&)

Parent cell (2n)
(before chromosome
replication)

S DY
2; X e X

Meiosis |

Meiosis |l

n n

Figure 2.24 A summary of the processes of mitosis and meiosis

Karyotypes

The number of chromosomes varies between species, but the chromosomes in each body cell are
always present in pairs. For example, humans have a total of 46 chromosomes, or 23 pairs

of chromosomes in the nucleus of every body cell. However, within the gametes, there are only
23 chromosomes in total. We can take a photo of a cell when it has undergone DNA replication

and clearly see the chromosomes.

Homologous chromosomes are present in body cells because we receive one from each parent.
Homologous chromosomes have the same length, centromere position and gene locations, and
are paired together when displayed in a karyotype (Figure 2.24). Chromosomes that do not match
(chromosomes from different pairs) are called non-homologous chromosomes.

Autosomes
Of the 23 pairs of chromosomes in humans, pairs 1 to 22 are known as autosomes. These 44

chromosomes are found in both males and females.
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karyotype

the chromosomes
of an individual,
often displayed
according to size
and gene locations

non-homologous
chromosomes
chromosomes that
do not belong to
the same pair

autosome

any chromosome
that is not a sex
chromosome. In
humans, these are
chromosome pairs
1t022
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Sex chromosomes

sex chromosomes In humans, the chromosomes making up the 23rd pair are the sex chromosomes. They contain
chromosomes that
determine the sex
of an organism

genes that determine the sex of the individual. Females receive two X chromosomes (one from each
parent), whereas males receive an X chromosome from the mother and a Y chromosome from the
father (Figure 2.25).

XY XX

Figure 2.25 If an egg is fertilised by a sperm carrying an X chromosome, the child will be female. If an egg is
fertilised by a sperm carrying a Y chromosome, the child will be male. Therefore, it is the male's sperm that
determines the sex of the child.

oo ° a, W gé o ,
\.‘. ., o8 ! s i h ” la i 3‘ 4l
"::? a.:’:.:b\ 6 7 8 9 10 1 12
F O T IY ® 0
:;0. a"’;"".“ Brs 13 14 15 16 17 18
T, a8 &s bs _éb 23

19 20 21 22 X Y
Figure 2.26 The chromosomes seen under a microscope (a) can be arranged according to size in a karyotype
(b). Pairs 1-22 are autosomes while pair 23 is the sex chromosomes. The two X chromosomes indicate that this
is a female karyotype.
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Practical 2.3

What are the chances?

Aim
To investigate the chances of conceiving a male or female at fertilisation
Useful formulas

Theoretical probability (%) = number of a particular outcome (e.g. heads) « 100

total number of all possible outcomes (e.g. heads and tails)

Experimental probability (%) = number of a particular outcome (e.g. heads) « 100

total number of all experimental trials (e.g. heads and tails)

(experimental probability — theoretical probability) 100

Percentage error (%) =
theoretical probability

Materials
® one coin

Method

1. Copy the results table into your science book.

2. Calculate the theoretical probability of landing heads during a toss.

3. Now calculate the experimental probability of your own experiment by tossing the coin 50 times, recording
the number of heads and tails in the table.

Results

1. Calculate the experimental probability of receiving a head and a tail based on both the experimental data for
your own and the class results.

2. Calculate the percentage error, comparing the difference between the theoretical and experimental
probabilities for both your own data and the class data.

3. Optional: Graph the relationships between the number of trials and percentage error.

Table showing results for coin toss experiment

Individual results Class results

Number of heads

Number of tails

Total number of trials (throws)

Experimental probability

Percentage error

Discussion: Analysis

1. Compare the experimental probabilities of your own and the class results.

2. If a head represents the Y chromosome and a tail represents the X chromosome, explain how accurately this
models the process of fertilisation. What would the coin represent?

Discussion: Evaluation
1. Discuss whether increasing the number of trials affects the percentage error of the experiment.

Conclusion
1. Make a claim about the chances of conceiving a male or female at fertilisation.
2. Support your statement using the data you gathered, and include potential sources of error.

3. Explain how the data support your statement.
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Sex chromosomes in the animal kingdom

In some animals, such as birds, females have two different sex
chromosomes (ZW) while males have two of the same (ZZ). In some
reptiles, the temperature of the incubating environment determines
the sex of the embryo. In some insects, females are XX and males
have one X chromosome (written XO).

Monotremes have a complex sex chromosome system. Female

platypuses have five pairs of X chromosomes and males five X
and five Y chromosomes. Female echidnas have five pairs of

Figure 2.27 Female platypuses have five pairs of
X chromosomes and males five X and four Y chromosomes. X chromosomes.

Try this 2.3

Can you sort chromosomes into a karyotype?
Go online and find a karyotype activity. There are many interactives that allow you to sort chromosomes into order and
ones that allow you to analyse karyotypes.

Science as a human endeavour 2.3

Genetic testing

When a person is pregnant, their doctor may conduct several tests to screen for genetic and chromosomal
abnormalities in the foetus. Creating a karyotype lets the doctor check for abnormalities in the number or length of
chromosomes. If anything appears abnormal, the doctor can undertake further genetic tests to check for specific
disorders. One such test is chromosomal microarray (CMA) testing, which is much more detailed genetic testing
than karyotyping. Chromosomal microarray testing detects around one abnormality in every 70 foetal samples with
a normal karyotype. Scientists think that CMA testing will replace karyotyping for prenatal testing.

Genetic testing identifies carriers of genetic mutations and helps people make informed decisions, such as in
embryo selection. Genetic counsellors work with people who are concerned about having, or have been diagnosed
with, a genetic condition.

Many people are also having genetic testing to discover

more information about their ancestry or to connect with ‘(l "
unknown relatives. Although it is against the law to be ‘ Si ‘(
discriminated against because of genetic information, : .

there is some concern regarding its use, either personally

1 2 T3
or by organisations such as insurance companies or )( 2' i! 7\ go “ 3‘
medical facilities. AN *j4 Bl J &
6 7 8 9 10 1" 12

Have a class discussion regarding the ethical issues of

L5
non-therapeutic genetic testing performed by commercial " i‘ '. :z " "
companies. You may want to consider privacy concerns, 13 " 15 1 i 1

the possible emotional impact, potential lack of medical s
knowledge and possible exploitation of vulnerable }H it I '
individuals. 19 T 20 21 2 X v

Figure 2.28 A well-known chromosomal abnormality is
trisomy 21 or Down syndrome, where the foetus has
three chromosomes in position 21. three copies (instead of two) of chromosome 21.

The karyotype shows a female with Down syndrome. Note the
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Quick check 2.10

1. Compare mitosis and meiosis using a Venn diagram.

2. Explain what karyotypes can show and why this is useful.

Section 2.2 review . E
Go online to

. . access the
Online \/ Section oo’ Teachers can @ .. ® interactive
quiz 5 questions (S assign tasks 9 section review

and track results and more!

Section 2.2 questions

Remembering

1. State one key difference between mitosis and meiosis.

2. Recall the phase of meiosis when pairs of matching chromosomes separate.
3. State the name of the syndrome that arises from trisomy 21.

4. State what the term 'homologous chromosomes' means.

Understanding

5. Explain why gametes need to be haploid.

6. Explain what is meant by the term 'reduction division'.

7. Explain why a chromosome missing a part may lead to a disorder or syndrome.
8. Explain why the cells produced during meiosis are genetically unique.

Applying
9. Complete the following table to differentiate between mitosis and meiosis.

Type of cell division Where it occurs Purpose Features of
daughter cells
Mitosis

Meiosis

10. lllustrate a diagram to represent the steps of mitosis for a cell with two pairs of chromosomes.
Be sure to use a different colour for each pair of chromosomes.

Analysing

11. Contrast the daughter cells produced in mitosis versus meiosis.
12. Contrast anaphase | in meiosis and anaphase in mitosis.

13. Contrast prophase | and prophase Il in meiosis.

Evaluating

14. Evaluate the following claim: It is the male that determines the sex of the child.

15. Predict the chances of a woman giving birth to a girl if she has already given birth to three
boys, giving reasons for your response.
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Figure 2.29 This artwork from Kakadu National Park shows Namondjok,
a Creation ancestor who broke kinship laws.

locus (plural: loci)
the location

of ageneona
chromosome

genotype

the combination of
alleles an organism
has for a particular
gene

homozygous
having two
identical alleles
at a particular
gene locus

heterozygous
having two
different alleles
at a particular
gene locus
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@ Patterns of inheritance

Learning goals

At the end of this section, | will be able to:

1. Define the terms 'homozygous', 'heterozygous', 'dominant' and 'recessive' with respect
to genetic inheritance.

2. Use and interpret Punnett squares to identify possible genotypes and phenotypes
of offspring.

3. Use pedigree diagrams to determine the type of inheritance that is occurring.

4. Explain codominance, incomplete dominance and sex linkage.

Aboriginal and Torres Strait Islander communities have understood inheritance patterns for a long
time. They recognise how traits can be passed down to the next generation and how negative traits
and illnesses often appear in the children of closely related parents. Because of this deep knowledge,
communities created complex and sophisticated kinship systems that allow individuals to understand
who they are and how they fit into the social structure and even the universe. These kinship systems
are strictly adhered to and dictate who can or cannot
marry through marriage laws. Kinship and family
structures also determine how individuals behave
towards others and the responsibilities each person
has towards others, natural resources and the land.
For example, a person may be obliged to care for
their sibling's offspring. These children usually
address their aunt or uncle as 'mother’ or 'father’
and their cousins as 'brothers' or 'sisters'. Although
they are aware of their biological parents, the
societal (kinship) laws assign equal importance to
other relatives. When conversing with one another,
Aboriginal and Torres Strait Islander people usually
speak Aboriginal English and frequently use the
terms 'brother’ or 'sister’, which are derived from the
kinship terminology and connections.

Inheriting traits from our parents

Each characteristic or trait that we inherit is controlled by one or more pairs of genes. Members of
each gene pair are found at the same location on their respective homologous chromosomes. This is

called the locus of a gene.

Genes are sections of DNA that code for a particular protein that contributes to our characteristics,
such as a gene for eye colour. However, not all forms of a gene are the same; for example, different
people can have different eye colours. We use the term 'allele’ to describe the different forms of a
gene. We get one copy of each chromosome from each parent, so although we inherit two copies of
each gene, we don't necessarily inherit two of the same allele. The combination of alleles an organism
has for a particular gene is known as the organism's genotype. If two identical alleles are present in a
person's genotype, they are known as homozygous for that particular trait. However, if there are two
different alleles present for the same trait, then the person is heterozygous for that trait.

Shaw et al.
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For example, consider the trait of freckles. This trait is controlled by a single gene that is represented
using two alleles. The allele of the dominant trait is the presence of freckles (we assign it the capital
letter 'F' to show it represents the dominant trait), and the allele for the recessive trait is the lack of

freckles (assigned a lower case 'f' to show it represents the recessive trait). A trait or characteristic is

described as dominant if you need only one allele for it to be expressed (FF or Ff). For a recessive e

characteristic, the allele needs to be inherited from both parents for it to be expressed (ff). fvﬁ:liriﬁtee;ﬁg@m
responsible is

If you inherit the freckles allele from both parents, you are homozygous dominant for that trait eﬁprestsed in the
phenotype, even

and your genotype will be FF. If you inherit the no-freckles allele from both parents, you are in those with

. . . . i heterozygous

homozygous recessive for that trait and your genotype will be ff. If you inherit a freckles allele from genotypes

one parent and a no-freckles allele from the other parent, you are heterozygous for that trait and rechessiv: .
a characteristic in

your genotype will be Ff. which the allele

responsible is only
expressed in the

: phenotype if there
Did you know? 2.5 are two copies of
the same allele

present
The genome

genome
The genome refers to all the genetic material in the chromosomes of an organism, including the complete Aselt'of
. . . . genetic material in
its genes and DNA sequences. The human genome is made of approximately 3.2 billion an organism
nitrogenous base pairs, with around 1% of these making up the 20000 genes that code for phenotype

. . . . . . . the ob bl

proteins. The other 99% of bases is non-coding DNA, which plays important roles in turning o e

of an organism,
resulting from both
genotype and the
environment

genes on and off. Other organisms have different genome sizes.

carrier

an individual with
an allele for a
recessive trait but
who does not have
the trait due to
being heterozygous

-m‘lé‘/-]ﬂ
Figure 2.30 The first publication of the human genome was printed as 109 books in 23 volumes. The

approximately three billion units of human DNA code are printed in a small font, and each book is a
thousand pages long.

The interaction of an organism's genotype with the
environment results in its phenotype, or its physical
appearance. In the example in Figure 2.31, the presence of
freckles is the person's phenotype for that trait. The freckles are
present due to the person's genotype and their environmental
exposure to UV light.

To determine whether an allele represents a trait that is dominant
or recessive, scientists look at the phenotype of a heterozygous
organism. If the trait is expressed in this phenotype, it must be
the dominant trait. A heterozygous individual can also be called
a carrier because they carry the allele for the recessive trait, but Figure 2.31 The presence of freckles is an example of a

they don't express it in their phenotype. dominant trait.
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Quick check 2.11

1. Copy the table below and define the terms.

Term Definition

Locus
Allele
Genotype

Phenotype

Dominant

Recessive

Heterozygous

Homozygous dominant

Homozygous recessive

2. Explain why a genotype can indicate that a person will have freckles, but there are not many
on their face.

Practical 2.4

Inherited features

Aim
To use data to determine how common some key characteristics are in the class
Materials

® mirror
Optional extension: Collect information from other students or family members for further validity analysis.

Method

Part 1: Prepare the results table
1. Copy the results table into your science book.

Part 2: Collect data on the variables

2. Identify whether you possess each of the inheritable features described below.

3. Record your results in the table.

4. Find out how many members of your class share the same features. Record your results in the table.
Optional: Find out how many members of your family display the traits.
a) Attached ear lobes: Are your earlobes attached or unattached to the side of your head?
b) Widow's peak: Do you have a V-shaped peak in the centre of your hairline as shown in Figure 2.327?
c) Tongue roll: Can you roll your tongue as shown in Figure 2.33?
d) Front tooth gap: Is there a definite gap between your two top front teeth as shown in Figure 2.34?
e) Mid-digital hair: Is there any hair on the second joint of at least one of your fingers?
f) Long second toe: Is your second toe longer than your big toe as shown in Figure 2.35?

continued ...
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Figure 2.32 This girl has a Figure 2.33 This woman is Figure 2.34 This woman has Figure 2.35 The second toe

widow's peak (V-shaped peak) able to roll her tongue. an obvious gap between is longer than the big toe
in the centre of her hairline. her top front teeth. on this foot.
Results

1. Calculate the total number of people sampled in this survey.

2. Calculate the percentage presence of the trait in your family and within the class.

3. Draw an appropriate graph (or graphs) to compare the percentage presence of each trait within your family
with the percentage presence in the whole class.

Table showing physical features and their occurrence in your family and the class

Feature Trait Number Presence Number Presence Presence
present in of family of trait in of class of trait in of trait
you (Y/N) members family (%) members class (%) in total

with trait with trait sample (%)
Attached ear lobes
Widow's peak
Tongue roll

Front tooth gap
Mid-digital hair

Long second toe

Sample size (Total 1
number of people

surveyed)

Discussion: Analysis

1. Describe which traits were commonly found in your family.

2. Describe which traits were commonly found in the class.

3. Describe which traits were commonly found in the whole sample.

4. Do your findings support the idea that a feature such as tongue-rolling is inherited? Explain your answer.

Discussion: Evaluation

1. Can the data gathered in class be reliably applied to the wider population? Justify your response.

Can you draw valid conclusions as to which traits are dominant and recessive from this data? Justify your response.
Sample size is a factor that commonly affects data in small surveys. Discuss how this relates to the activity.

Can you identify possible limitations of this method? Justify your answer.

Suggest any changes that could be made to the method to improve the quality of the data in future surveys.
Justify your suggestions by explaining how each change will improve the data quality.

u e ®wDN

Conclusion

1. Make a claim about the frequency of the investigated characteristics in the class.

2. Support your statement using your and the class observations, and include potential sources of error.
3. Explain how the data support your statement.
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L&

WORKSHEET
Inheritance

filial
offspring of a cross

Determining chances of inheritance

Gregor Mendel

Gregor Mendel is known as the father of genetics. Born in 1822, he was an Austrian monk who
carried out experiments in his garden using pea plants and discovered some of the fundamental
laws of heredity we still rely on today.

Mendel looked at the features of pea plants, which could be tall or short (dwarf). He assigned the
following letters to represent these alternative characteristics (known today as alleles): T = tall and
t = dwarf. Mendel bred the plants and observed the height of the plants in the next generation. He
discovered that tall pea plants could be either pure-breeding (TT or homozygous dominant) or
hybrid (Tt or heterozygous). The dwarf plants could only be tt (homozygous recessive). Today, we
call this the plant's genotype.

Flower Plant Pea Pea
colour height shape colour

Purple Tall Round Yellow

e @

White Dwarf Winkled Green

Figure 2.36 Some of the variations Mendel observed in pea plants

Mendel also used the following notation to represent different

levels of generations:

o P =parent generation

o F1 = first filial generation (first generation of offspring)

o F2 =second filial generation (second generation of
offspring).

Mendel performed many experiments investigating the

inheritance patterns of different traits in pea plants. For

example, he observed that when a pure-breeding tall plant was

crossed with a pure-breeding dwarf plant, all of the offspring

in the F1 generation were tall (see Worked example 2.1). He

determined that the tall trait was dominant over the dwarf
trait. When he crossed the tall offspring together, he observed Figure 2.37 Gregor Johann Mendel
was the founder of the science of
genetics, using pea plants to show
performed these crosses many times and observed a specific dominant and recessive traits.

that the dwarf trait reappeared in the F2 generation. Mendel
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ratio of three tall plants to one dwarf plant in the F2 offspring (see Worked example 2.2). Mendel
produced large amounts of data that all supported his theories, but later statistical analysis suggests
that he may have falsified his data - it was simply too good to be true! Large datasets and statistical

analyses are vital for validating scientific findings.

Punnett squares

An easy way to predict the outcome of crossbreeding plants with certain traits is to use a Punnett
square, a specialised grid invented by Reginald Punnett. A Punnett square is a visual representation
of a monohybrid cross, which is a breeding experiment involving two individuals that differ in a
trait of interest. In a monohybrid cross, the parents are typically represented by letters to denote

their respective alleles for the trait being studied.

To use a Punnett square (see Worked examples 2.1 and 2.2), you need to know the genotype of the
parents to work out what genetic information they could pass on to their offspring via the gametes.
For example, we know a heterozygous, tall pea plant has the genotype Tt. This means that when the
plant makes its gametes, they could contain either a T or a t, as gametes only carry one of the alleles
from the parent. In contrast, a homozygous tall pea plant has the genotype TT, so its gametes will all
containa T.

Worked example 2.1

Cross between a pure-breeding tall plant and a pure-breeding dwarf plant
Parents: TT x tt

Gametes T T
t Tt Tt
t Tt Tt

WORKSHEET
Punnett
squares

Punnett square
a specialised grid
to show genetic
crosses

monohybrid cross
a type of genetic
cross or breeding
experiment that
considers the
inheritance of

a single trait or
characteristic,
typically controlled
by a single gene
with two alleles

You will notice that all the predicted F1 offspring (shaded) have the genotype Tt. We can write
this as:

F1 genotype: 100% Tt

We can also see that offspring with Tt would all physically appear tall, as T stands for the tall
allele. The tall trait is dominant over the dwarf trait, which is encoded for by the t allele. So, we
can write this as:

F1 phenotype: 100% tall plants

Worked example 2.2

Cross between two of the hybrid F1 plants from Worked example 2.1

F1: Tt x Tt
Gametes T t
T TT Tt
t Tt tt

F2 genotype: 25% TT; 50% Tt; 25% tt
F2 phenotype: 75% tall plants; 25% dwarf plants

We can also write the predicted outcomes as ratios. In this case, when two heterozygous tall
pea plants were crossed, there was a genotypic ratio of 1TT : 2Tt : 1tt and a phenotypic ratio
of 3 tall : 1 dwarf.
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Huntington's disease
Huntington's disease is inherited as a dominant trait on an autosome. It usually appears in an affected

person as neurological symptoms that develop around 30-50 years of age. These symptoms result
from an abnormal protein being made.

If we let H = abnormal Huntington's protein allele (Huntington's disease) and h = normal protein
allele (unaffected), then we can use these notations to help work out probable outcomes in the
offspring (see Worked examples 2.3 and 2.4).

Worked example 2.3

Cross between two individuals unaffected by Huntington's disease
Parents: hh x hh

Gametes h h
h hh hh
h hh hh

F1 genotype: 100% hh

F1 phenotype: 100% unaffected

Worked example 2.4

Cross between an individual with Huntington's disease and an
unaffected individual

Parents: Hh x hh (Having two H alleles is extremely rare, so we will assume the individual with
Huntington's disease is Hh).

Gametes H h
h Hh hh
h Hh hh

F1 genotype: 50% Hh; 50% hh

F1 phenotype: 50% with Huntington's disease; 50% unaffected

Try this 2.4

Punnett squares
1. A black mouse mates with a brown mouse. There is a large number of offspring and all of them
are black.
a) Which trait is dominant?
b) Draw a Punnett square and determine the genotypes of the offspring. Hint: When
assigning letters to alleles, avoid letters where the capital and lower case look similar, for
example, Cc, Ss, Oo.

2. Arecessive gene causes a condition called cystic fibrosis. If a homozygous recessive individual
has a child with a heterozygous individual, what are their chances of producing offspring with
cystic fibrosis?
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Quick check 2.12

1. Contrast genotype and phenotype.
2. Brown eyes are dominant over blue eyes.
a) Select letters for the brown eye and blue eye alleles.
b) Create a Punnett square for a couple who are both heterozygous.
c) State the genotypic and phenotypic ratios of the offspring.
d) State the chances of this couple producing a blue-eyed child.

Test cross

Recall that an organism showing a dominant trait can either be homozygous dominant or e (e

heterozygous. A test cross can be used to determine their genotype. It involves observing the a genetic cross

between a
offspring of the individual in question when it mates with a homozygous recessive individual homozygous

recessive individual
(for example, aa). This means the individual of unknown genotype mates with an individual of a?d an individual

OoT unknown
known genotype. By looking at the offspring ratio, we can deduce the unknown genotype of the genotype showing

the dominant trait
individual in question. to determine the

unknown genotype

For example, in mice, coat colour may be black (B) or white (b). You can find out if a black mouse
is homozygous black (BB) or heterozygous black (Bb) by doing a test cross between the black
mouse and a white mouse (bb).

If the unknown black mouse is BB, the cross would look like this:

Parents: BB x bb

Gametes B B
b Bb Bb
b Bb Bb

F1 genotype: 100% Bb
F1 phenotype: 100% black

This means if all the offspring are black, the unknown black mouse is probably BB (homozygous
dominant).

If the unknown black mouse is Bb, the cross would look like this:

Parents: Bb x bb

Gametes B b
b Bb bb
b Bb bb

F1 genotype: 50% Bb; 50% bb
F1 phenotype: 50% black; 50% white

This means if roughly half the offspring are black and half are white, the unknown black mouse
is probably Bb (heterozygous). Note that these expectations are only true when based on large
numbers of offspring because they are probabilities. However, if even one white offspring is born,

the black mouse must be heterozygous in order to have passed on a b allele.
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Quick check 2.13

1. Explain the importance of a test cross.

2. In a bird species, normal feathers are a dominant trait, and silky feathers are a recessive trait.
Both traits are coded for by alleles of the same gene. If you had a normal-feathered bird,
describe a way to determine whether it is heterozygous or homozygous. Use Punnett squares to
help with your answer.

Try this 2.5

Positive or negative
One vital gene located on chromosome 1 in humans is the gene controlling for Rhesus (Rh) blood

type. Rh-positive blood is dominant over Rh-negative blood, so we can assign the alleles D
(Rh-positive) and d (Rh-negative). Therefore, a Rh-positive person can be either DD or Dd with
respect to this gene, but a Rh-negative blood type can only be homozygous, dd.

Instructions

In this activity, we will use coloured counters and felt-tipped pens to model the passing of Rh

alleles from heterozygous individuals to their offspring.

1. Copy the results table into your science book.

2. Choose one coloured counter. Print D on one side and d on the other to represent the alleles
of the chromosomes. This counter represents an individual who is Dd for Rh blood type, that
is, able to produce gametes (eggs or sperm) of the type D and d in equal proportions.

3. Find a partner in the room with a different coloured counter.

4. Make an unbiased toss of your two counters to produce an offspring. The labels facing up on
the counters will represent the alleles of the gametes produced by the parents. Record the
genotype of the offspring in the Family 1 row of the following table. Repeat this step three
more times to produce a total of four children.

5. Generate a total of four families (by pairing up with three different students) with each having
produced four children.

6. Record the number of each type of genotype found in the children of each family in the table.
Pool your total results with those of the class.

Results

Table showing genotypes of offspring in each family

Genotype of children
DD Dd dd

Family 1

Family 2

Family 3

Family 4

Total numbers across
the class

Discussion: Analysis

1. Using the class data, calculate the probability of obtaining the offspring genotypes:
a) DD
b) Dd
c) dd
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2. What are the proportions of the different genotypes in your group of 16 children compared to
those generated across the whole class? Discuss whether this is expected.

3. A woman with Rh-positive blood insisted that she was the daughter of a rich, elderly couple
who both had Rh-negative blood. Use a Punnett square to show your working out to explain
whether this woman's statement could be valid.

Sex linkage

As we have seen, in humans the sex chromosomes are the 23rd pair. Human females have two X
chromosomes while males have an X and a Y.

The X chromosome also contains many genes not related to sex determination (in contrast, the
Y chromosome has very few). Characteristics that are coded for by X chromosome genes are
termed X-linked. When we predict X-linked traits using a Punnett square, we must use the sex

chromosomes and superscripted letters above the X chromosomes to represent the trait.

For example, Duchenne muscular dystrophy (DMD), a disorder in which the muscles progressively
degenerate, is inherited as an X-linked recessive trait. The genotype for an unaffected female

would be XPXP, a carrier female (who has an allele for the disease but is heterozygous so does not
have the disease) would be X°X¢, and a female with DMD would be X9X¢. On the other hand, an
unaffected male would be XY and a male

3 1
o

e’

i
with DMD would be X9Y. As there is no e %
gene for this condition found on the Y
chromosome, we do not write © or ¢ next i P 2w

; #3 o
to the Y. Because males have only a single y -\ R 3
, AP AR R
copy of the X chromosome, they are more ' e i WING O gt 22
likely to be affected by sex-linked recessive L& -.Q;:", y ﬁ‘; .9.'341. ; Vo
L ‘t" { N 6". » 'I? N | ./"'
disorders. A single allele of a mutated 9 ‘,,V AR 828 °
T 8 TR0 SR VB G L S SN
gene on an X chromosome will cause b L W YT
o : ) S
the disease in a male but would result in W S e .

a female carrier (who would need two Figure 2.38 In Duchenne muscular dystrophy, muscle fibres
DMD alleles to be affected). (red) are replaced by fat cells (white).

Worked example 2.5

Cross between a heterozygous normal-vision female (carrier) and a normal-
vision male

Colour blindness is inherited as an X-linked recessive trait. The genotype of a heterozygous
normal-vision (carrier) female is XEX®, and the genotype of a normal-vision male is XBY.

Parents: XBX® x XBY

Gametes X8 Xb
XB XEX® XBXP
Y XBY XbY

F1 genotype: 25% XBXP; 25% XBY; 25% XEXB; 25% X°Y

F1 phenotype: 25% normal-vision male; 50% normal-vision female; 25% colour-blind male
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Try this 2.6

Sex-linked inheritance

Now it is your turn to practise. Remember that the gametes need to include the sex chromosomes,
and the genotype and phenotype both need to include the sex chromosomes as well.

1. Using a Punnett square, cross a normal-vision female (homozygote) with a colour-blind male.
2. Using a Punnett square, cross a colour-blind female with a normal-vision male.

3. Explain why more males than females have colour blindness.

Codominance

'Codominance occurs when two alleles are expressed equally in the phenotype of a heterozygote.
They will both be expressed in the phenotype of a heterozygote. This is codominance. Look at the

VIDEO

An sxar_np'e of  picture of the chickens in Figure 2.39. The colours black and white are equally dominant (their alleles
coaominance

are given two different capital letters), so when you cross a pure black chicken with a pure white

codominance chicken, you get a heterozygote. In the heterozygote, both colours are expressed equally, so you get a
both allel . . .
es;reiszde seg[,ea”y speckled chicken with black feathers and white feathers.

in the phenotype

w 5 aw
Phenotype White Black Speckled

Figure 2.39 White feathers and black feathers are codominant traits. The evidence
for this is the heterozygote offspring of the white and black chickens above, which
has a mix of black and white feathers. Notice that there are two different letters
representing each allele, rather than upper and lower case of the same letter, as is
used for complete dominance.

Blood types

In humans, our blood type is a codominant trait. Our red blood cells have proteins on the surface
called antigens, and these determine whether our blood is A, B, AB or O. Type O blood is the
absence of antigens (Figure 2.40).

Each person has two copies of the ABO blood type gene, one from their mother and one from their
father. The blood type gene is found on chromosome 9 (denoted by the letter I), and there are three
possible alleles (denoted by the letters A, B and O):

o I*=production of antigen A (type A blood) is dominant.

o IP = production of antigen B (type B blood) is dominant.

o i=production of neither antigen (type O blood) is recessive.

As we have two copies of chromosome 9, there can be six different allele combinations:
o Type A blood can have genotypes I*I* or I*i.

o Type B blood can have genotypes I*I® or I®i.

o Type AB blood can only have the genotype I*I".

o Type O blood can only have the genotype ii.

Blood types A and B are dominant over type O, but they are codominant to each other.
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Worked example 2.6

Cross between heterozygous blood type A and heterozygous blood type B

VIDEO
Parents: I4i x [Bj Blood types
Gametes A i
I [A18 I8
i [Ai ii
F1 genotype: 25% I I5; 25% 1P i; 25% 1*i; 25% ii
F1 phenotype: 25% AB blood type; 25% B blood type; 25% A blood type; 25% O blood type
Blood type A Blood type B Blood type AB Blood type O
Antigens Neither antigen
Antigen A Antigen B AandB AnorB
Red blood cells
Figure 2.40 lllustration of the different antigens on the surface of red blood cells
incomplete
Explore! 2.4 dominance
a form of
Incomplete dominance inheritance in which
) both alleles are
Incomplete dominance occurs when neither of the traits is dominant over the other, resulting in partially expressed,
. . . . - . duci third
a third phenotype that is an intermediate form of both. Wavy hair is an example of incomplete ﬁlirﬁzg?afe !
dominance. A person with two curly hair alleles will have curly hair. A person with two straight hair phenotype
alleles will have straight hair. However, a person with one curly and one straight allele will have
wavy hair.
1. The flower colour of snapdragons is an example of incomplete dominance. Draw an example of
a cross for a white flower (CVC%) and a red flower (CRCF).
2. Eggplant colour is another example of incomplete dominance. Explain how the three
colours of eggplant shown in Figure 2.42 are possible.
Figure 2.41 Wavy hair is an example of incomplete Figure 2.42 Deep purple (left), violet (middle) and
dominance. light green (right) eggplants
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WORKSHEET
Pedigrees

pedigree

a chart that shows
relationships
between family
members and
indicates which
individuals have
certain genetic
traits

Quick check 2.14

1. Explain why males are more likely to be affected by recessive X-linked disorders than females.
2. Describe codominance.

Pedigrees

One way of finding out how a trait is inherited is to follow the inheritance pattern over two or more
generations. This technique is called pedigree analysis. To study patterns of inheritance in humans,
geneticists investigate the frequency and occurrence of a particular gene over many generations to
determine whether the traits are dominant or recessive. The chart formed is called a pedigree and is
like a family tree.

Each generation is numbered in Roman numerals and forms a row on the pedigree. Individuals are
numbered using Arabic numerals (1, 2, 3 etc.) from left to right on each row. The symbols used are:

o unaffected female O

o unaffected male

o female with the trait being investigated ‘

» male with the trait being investigated .

o carrier of trait @ or D
o Mating is represented by a horizontal line. Q—

o A vertical line connects ‘

omoe

1 2 3 6

OO oNEN [

1 2 7

offspring to parents.

Figure 2.43 An example of a pedigree showing three generations of a family. Individuals affected by a particular
trait are shown in black. Note how male |-1 and female |-2 had three children, and their eldest is an unaffected
female (I1-2).

Reading a pedigree

There are some points to keep in mind when reading a pedigree and determining inheritance:
o A trait that is common in a population is not necessarily dominant.

o When asked to determine a genotype in a pedigree, you will need to establish the mode of

inheritance. You can use Punnett squares to help you.
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Autosomal ‘74.
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X-linked ‘
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X-linked

dominant
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What to look for

Two unaffected parents can have an
affected child.

Males and females are equally affected.
The trait may disappear from a branch of
the pedigree and then reappear in later
generations.

Affected parents produce children that
are all affected.

Two affected parents can have an
unaffected child.

Males and females can be equally
affected, yet all of the affected
individuals must have at least one
parent affected.

Affected mothers produce affected sons.
Affected fathers cannot pass the trait to
their sons.

Affected fathers produce daughters that
are all affected.

Affected fathers cannot pass the trait

to their sons, but affected homozygous
females will pass the trait on to all of
their daughters and sons.

Table 2.5 Different modes of inheritance and how to identify them in a pedigree chart

Famous people have genetic

disorders too!

Megan Fox has a condition called brachydactyly.
This is an autosomal dominant condition that
causes shortened fingers or toes. Jessie J has
Wolff-Parkinson-White Syndrome, an autosomal
dominant condition that causes a very fast

heart rate.

ISBN 978-1-009-60347-8
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Figure 2.44 Megan Fox and Jessie J both have
genetic disorders.
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Examples

Albinism, cystic
fibrosis, sickle
cell anaemia and
thalassaemia

Huntington's
disease and
haemochromatosis

Colour blindness,
haemophilia and
Duchenne muscular
dystrophy

X-linked
hypophosphatemic
rickets
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Making thinking visible 2.3

Facts or fiction: Communicating research
Social media is a primary source of health and science information for many young Australians.

Raising awareness about scientific discoveries and breakthroughs in medical research is important.
However, media stories sometimes leave out important facts or exaggerate the findings of a
study. This can lead to the spread of misinformation, which can have dangerous consequences for
the health of individuals. In one study, researchers found that 40% of posts on TikTok about liver
disease contained misinformation to sell detox drinks and herbal remedies.

Consider the headline below:

Breakthrough genetic therapy cures cystie
fibrosis in 100% of mice in study

Ask yourself:

What do you perceive is being conveyed by this?
Who would decide to convey this message? Why?
How else could this be interpreted?

What do you believe is true in this? What makes you think that?

The Facts or fiction thinking routine was developed by Project Zero, a research centre at the Harvard Graduate
School of Education.

Quick check 2.15

Study the pedigree chart in Figure 2.45. It | O
illustrates the inheritance of achondroplasia

-—

(dwarfism) in humans.

1 2
a) Identify a piece of evidence that
suggests that this condition is recessive Il
2 3

and not dominant. 1 4
b) Identify the genotype of individuals I-1, Figure 2.45 Pedigree chart
-2, 1I-1 and II-2.

c) Suppose individual lI-2 has children with a man who does not have achondroplasia but is a
carrier for the condition. Determine the chance of having a child with achondroplasia and
the chance of having a child without achondroplasia. Use a Punnett square to show how
you arrived at your answer.

: . Section 2.3 review
Go online to

access the . .
. Online Section oo} Teachers can ® w,.
section review quiz questions (Y assign tasks
and more! and track results
Section 2.3 questions
Remembering
1. State how many copies of each gene we have and where they come from.
2. Recall the name of the person known for being the father of genetics.
3. Name an example of codominance and of incomplete dominance.
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Understanding

4. Describe what pedigrees are useful for.

5. Explain how sex linkage is different from other types of inheritance.

6. Explain why, for a particular characteristic, two homozygous recessive individuals can only
produce homozygous recessive children.

7. Explain what is meant by the term 'carrier'.

8. Explain why a test cross is useful.

Applying
9. Dimples are dominant over no dimples.
a) Select appropriate letters for these alleles.
b) Identify the genotype and phenotype of a person who is:
i) homozygous recessive for dimples
ii) heterozygous for dimples
iii) homozygous dominant for dimples.
10. In fruit flies, eye colour is determined by an autosomal gene. Red eyes are dominant whereas
white eyes are recessive.
a) Select appropriate letters for the alleles of these traits.
b) Using a Punnett square, determine the offspring produced by a male heterozygous fly that
mates with a female homozygous recessive fly.
c) Decide the genotypic and phenotypic ratios of the offspring.
11. In mice, black fur is dominant over brown fur. Mice with black fur can be either homozygous or
heterozygous.
Propose how you would find out if a mouse with black fur was homozygous or heterozygous.
Support your response with a Punnett square.

Analysing

12. The pedigree chart in Figure 2.46 shows the .__Q
1
3

inheritance pattern of a disease that is caused

by a single gene.

a) ldentify the sex of the person labelled II-5.

b) State whether the disease is dominant or 1 2

6
recessive, giving reasons for your answer. i
3

c) State the genotype of individual II-5, giving

reasons for your response. 1 2
13. Contrast codominance and incomplete dominance. Figure 2.46 Pedigree chart

Evaluating

14. The pedigree chart in Figure 2.47 shows

the inheritance patterns for haemophilia.

1 2
Haemophilia is an X-linked recessive
disorder. I 5
Use evidence from the pedigree to 1 2 3
justify that haemophilia is recessive. |
15. A brown-eyed male and a blue-eyed [ b #_Q
female produced all blue-eyed children. 1 2 3 4
Discuss whether that means blue eyes is | |
the dominant trait. \Y, i Cb i ‘ b
1 2 3 4 5 6 7
Figure 2.47 A haemophilia pedigree
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WORKSHEET
Changes in
DNA

point mutation

a mutation in which
a single nucleotide
is changed

chromosome
mutation

a mutation
involving large
segments of DNA

spontaneous
mutation

a naturally
occurring mutation

induced mutation
a mutation
produced by
environmental
factors

mutagenic
causing mutations
in DNA

germline mutation
a mutation of DNA
in gametes, which
can be inherited

somatic mutation
a mutation that
occurs in somatic
(body) cells, which
cannot be inherited
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@ Changes in DNA

Learning goals

At the end of this section, | will be able to:

1. Distinguish between germline and somatic mutations.
2. Recall types of point and chromosome mutations.

3. Explore the applications of DNA manipulation.

Sometimes, the process of DNA replication makes errors, which cause changes to the genetic

code. Often these errors are repaired, but when they are not, they become permanent changes in
the genome of the cell. This is known as a mutation. Mutations may be small, such as a change

in a single nucleotide (point mutation), or large, involving entire segments of DNA within a
chromosome (chromosome mutation). Mutations are the only way that new alleles can be created

within a population.

A mutation can be described as spontaneous (naturally occurring) or induced. Induced mutations
are caused by exposure to mutagenic agents in the environment like radiation (X-rays, ultraviolet
rays or nuclear radiation) or chemicals. Mutations that occur within the gametes are called
germline mutations. These can be inherited and will influence the next generation. Mutations
that occur within somatic cells will only affect the individual and will not be passed down to future

generations. This form of mutation is known as a somatic mutation.

Explore! 2.5

Mutagens and carcinogens

Many factors in the environment are known as
'mutagens' — that is, they cause mutations. Many cancers
form as a result of changes to DNA, so a lot of known
mutagens are also carcinogens — agents that increase a
person's risk of cancer.

1. Research some environmental mutagens.

2. From the list created in Question 1, divide your
mutagens into categories according to their source,

such as chemical mutagens and radiation.

Figure 2.48 Melanoma is linked to UV

light exposure as well as gene changes. A
mole may be a sign of skin cancer if it has
irregular borders, an asymmetrical shape or
if it changes in colour, shape, size or height.

3. From the list created in Question 1, research which
of the mutagens are also carcinogens.

4. Research examples of carcinogens that are
not mutagens.

Beneficial, harmful and neutral mutations

Mutations have three possible consequences:

+ No effect - neutral. Neutral mutations are non-lethal and make no difference to the organism's
ability to survive and reproduce in its environment.

o Negative effect - harmful. Harmful mutations produce proteins that malfunction or cause
proteins not to be produced at all. They can cause genetic disorders or cancer and result in
organisms that are less likely to survive, reducing the likelihood that the genetic material will be

passed on to the next generation.
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+ DPositive effect - beneficial. Beneficial or advantageous mutations give rise to new versions of
proteins that increase the chance that the organism will survive and reproduce to pass its genetic
material to the next generation. Beneficial mutations increase genetic variation in a population

and are essential for evolution to occur.

The Black Death left a genetic mark

Many individuals with European ancestry carry genetic
mutations that protected their ancestors from the
bubonic plague, a disease caused by Yersinia pestis,
a species of bacterium spread by fleas. When plague
struck Europe in 1348 and again in 1665, millions of
people died. However, some people had mutations
that made them more likely to survive.

By examining the DNA of people who died before,
during and after the Black Death, researchers have
found that carrying two copies of a mutated ERAP2
gene improved a person's survival by 40%. The allele
codes for a protein that is involved in the immune
response, and the mutation produced a heightened

response. This meant that the survivors of bubonic
plague passed on this beneficial trait to their offspring.  Figure 2.49 A mass-burial pit of plague
victims excavated in East Smithfield,

London. The significant number of deaths
who carry the mutated ERAP2 gene are at an increased  qyring plague outbreaks resulted in many

However, this mutation is also problematic. Individuals

risk of autoimmune diseases. similar mass burials across Europe.

Quick check 2.16

1. If a mutation is to be passed on to the next generation, recall where it must occur.
2. Summarise the possible effects of mutations that occur in somatic cells.

Gene mutations

Gene mutations refer to changes in the DNA sequence that makes up a gene. This involves changes
to any of the four nitrogenous bases in the nucleotides that make up the genes.

There are several types of gene mutations, including point mutations, insertions, deletions and

gene mutation

a permanent
alteration in the
DNA sequence that
makes up a gene

substitution

inversions.
when one
. . . . nucleotide is
Changing the nucleotides could change the message carried by the gene, which may change the swapped for
. . . . th

order of amino acids making up the protein. snemer
o A point mutation is the most common type of gene mutation and involves the substitution

of one nucleotide for another (for example, ATG becomes ACG). This mutation only changes

the DNA code for a single amino acid. If the new sequence codes for the same amino acid, it

is called a silent mutation. An example of a disease caused by a substitution mutation is sickle

cell anaemia.
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insertion

when one or more
extra nucleotides
are inserted into
the DNA

deletion
when a nucleotide
is deleted from the

Chapter 2 GENETICS

o An insertion mutation occurs when an extra nucleotide (or more than one) is inserted into the
DNA sequence (for example, ATG becomes ATCG). This type of mutation changes the DNA
code for all amino acids that follow and is called a frameshift mutation. An example of a disease
caused by an insertion mutation is fragile X syndrome.

o A deletion mutation occurs when a nucleotide is deleted from the DNA sequence (for example,

DNA sequence ATG becomes AG). This type of mutation changes the DNA code for all amino acids that follow
nversion and is also a frameshift mutation. An example of a disease caused by a deletion mutation is
nucleotides reverse

i Duchenne muscular dystrophy.

o An inversion mutation occurs when two nucleotides reverse their order in the DNA (for
example, ATG becomes AGT). This mutation only changes the DNA code for a single amino
acid, and it could code for the same amino acid (silent mutation). An example of a disease
caused by an inversion mutation is haemophilia.

Try this 2.7

Remembering mutations

Find a way to remember the different types of mutations using normal words.

For example:

e normal code - WING

e deletion - WIG

e substitution — WIND

e insertion - WRING.

Chromosomal changes

Chromosome mutations

If a mutation occurs in a gene on one of the chromosomes in a homologous pair, there will still be a

normal copy of the gene on the other chromosome. The same applies with chromosome mutations.

As chromosomes occur as homologous pairs, if one chromosome is abnormal, the other is still

likely to be normal. The different types of chromosome mutations are illustrated in Figure 2.50.

Duplication Inversion Deletion Insertion Translocation
A M A A
] ] ] ] .
— — — = —
= = = X
== )l -
S/ - S/ >
A\

Figure 2.50 The five different types of chromosome mutations. Can you identify what is changing in each type?
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Explore! 2.6

Sickle cell anaemia

Sickle cell anaemia is a disease caused by a ) ©

mutation in a gene that codes for a subunit U’ a{l . ¢

of haemoglobin, a protein found in red ‘

blood cells. The mutation causes the red P )0 9 .e

blood cells to be misshapen and block blood - &7 i

vessels. Despite this, the sickle cell trait

protects against the development of malaria. (Wl

Research the following questions.

1. Which amino acid is changed in sickle
cell anaemia?

2

2. Sickle cell anaemia is an example of both
Figure 2.51 Red blood cells are misshapen and
resemble sickles in people with sickle cell anaemia.

a harmful and a beneficial mutation.
Explain what these terms mean.

Chromosome number abnormalities

Certain individuals may have one more or one fewer chromosomes because of non-disjunction
during meiosis. Non-disjunction means that the homologous chromosomes during anaphase I or
sister chromatids during anaphase II failed to separate, so the gametes end up with an abnormal

number of chromosomes (aneuploidy).

Trisomy occurs when an organism has a third copy of a chromosome that should only be present
in two copies. Trisomy is therefore an example of aneuploidy. The most common trisomy among
embryos that survive to birth is Down syndrome, or trisomy 21. People with this inherited disorder

have distinct facial characteristics and experience developmental abnormalities.

Sex chromosome abnormalities s _
] »
Sex chromosome abnormalities occur when ‘i 4 > “‘, 1
a person is missing a whole sex chromosome ! s I
or has an extra sex chromosome due to ‘
¥y
' H

non-disjunction. Problems can also occur \ ( { )( ; ) { \‘< z )
when a person is missing part of a sex ‘ '
chromosome. Disorders of sex chromosomes :i l ! ! H TER ] 2 !(
include Klinefelter syndrome and Turner ' ) \ ]
Ye ry Y 1 P ! (

syndrome. Some of these disorders are
surprisingly common. For example, many Figure 2.52 A karyotype of a male with Klinefelter

men with Klinefelter syndrome (who have syndrome
two X chromosomes and one Y) have no signs or symptoms, and it is estimated that only one in

six are ever diagnosed.
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non-disjunction
the failure of
homologous
chromosomes or
sister chromatids to
separate correctly
in meiosis
aneuploidy

the presence of an
abnormal number
of chromosomes
inacell

trisomy

when an organism
has a third copy of
a chromosome
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Quick check 2.17

1. Describe a substitution mutation.
2. Recall what the term 'aneuploidy' means.
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Figure 2.53 There are other types of trisomy apart from trisomy 21. Trisomy 13 and 18 result in more severe
conditions. Which trisomy is depicted in this karyotype?

Madeline Stuart

Madeline Stuart is the first professional model
with Down syndrome, and she is Australian!
Although the fashion industry has a long way to
go in terms of diversity, Madeline is one of the
women who are changing the game. As well

as being a model, she has also represented

Queensland at the Special Olympics in cricket
and basketball.

Figure 2.54 Madeline Stuart models at New York
Fashion Week
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DNA testing

A person's DNA can provide information relating to their ancestry or parentage, confirm if they

have a hereditary disease, and inform whether they are a carrier for genetic disorders that may affect
their children.

Genetic screening is a type of genetic testing, but instead of identifying a genetic condition, it is genetic screening
T . . . . . genetic tests
used to evaluate an individual's risk of developing a certain disease. These tests are routinely done carried out across

. . . I . . h lati

for anyone in the population, even if they have not shown a family history of the disease. Genetic itd:hriﬁs ;:;'Sf;to
screening is usually done during pregnancy and at birth. In Australia, about 99% of babies are at risk of genetic
screened every year. Of the babies screened, around one in every thousand has a condition that

would otherwise have gone undetected. Genetic screening provides an opportunity for preventive

measures and early treatment.

T L LR

—
E]
s

Figure 2.55 In Victoria, the newborn bloodspot screening test Figure 2.56 A DNA sequence or

screens for cystic fibrosis, phenylketonuria, hypothyroidism, 'genetic fingerprint' on a computer

galactosaemia and congenital adrenal hyperplasia. monitor. The development of fast
computers made the analysis of DNA
sequences possible.

Making thinking visible 2.4

Think, feel, care: Genetic screening
In your class, divide into teams and engage in a discussion about perspectives within a scenario

about genetic testing. You may wish to consider the following scenario, although your teacher may
provide you with an alternative.

A woman who is 12 weeks pregnant attends a clinic and expresses her concern about her
husband's family history of Huntington's disease (HD). Her sister-in-law tested positive last year,
although she is not yet showing symptoms of the disease, but the woman's husband refuses to be
tested. Due to this, the woman is asking for her unborn baby to be screened to determine whether
it carries the HD gene. If the test comes back positive, which means that her husband carries the
HD gene, the woman will discuss terminating the pregnancy with her husband.

Step inside each person's point of view in this scenario. As you think about what you know,
consider what each person might understand, respond to and value in the issues raised. Don't
forget to consider the legal and ethical issues.

The Think, feel, care thinking routine was developed by Project Zero, a research centre at the Harvard Graduate
School of Education.
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Science as a human endeavour 2.4

Precision medicine

Pharmacogenomic tests look for genetic variants that are associated with an individual's
response to specific medicines, by testing genes that affect drug metabolism. Its goal is to
help doctors to select the drugs and doses that are best suited to each person.

Figure 2.57 Research has shown that people with red hair tolerate
pain differently to people with other hair colours. Due to a mutation
on the MC1R gene, they require more anaesthesia but need lower
doses of opioids as they are more responsive to those painkillers.

Quick check 2.18

1. Explain why an individual might choose to be screened for genetic diseases.
2. Identify some ethical issues with genetic testing.

Manipulating DNA

genetic

gnlsti)neetriTg Genetic engineering technology allows scientists to manipulate genetic material and transfer
elioerately

modifyirg genetic genes between different organisms. One of the most exciting developments of the last decade is

material to

manipulate the CRISPR, a technology that can edit genetic material quickly and cheaply. Developed by Jennifer

characteristics of an . . .

organism Doudna and Emmanuelle Charpentier, the CRISPR tool lets scientists change or delete DNA

bases and insert entirely new genes. The gene editing technology has almost endless potential,
including editing crops so they're more nutritious or able to survive in different conditions,
curing genetic diseases, producing powerful new drugs or even resurrecting extinct species. In
VIDEO 2022, a New Zealand woman became the first to receive CRISPR treatment to treat heart disease
by permanently lowering her cholesterol.

. DNA-cutting
Guide enzyme
molecule
Healthy
Defective DNA strand
Chromosome > DNA strand
A cell is transfected The guide molecule The enzyme cuts out The healthy DNA
with an enzyme finds the target the target DNA copy replaces the
complex containing: DNA strand. strand. defective DNA.

a guide molecule,
DNA-cutting enzyme
and a copy of healthy DNA.

Figure 2.58 CRISPR gene editing technology allows DNA to be manipulated in a highly precise way.
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Genetically modified organisms genetically
A genetically modified organism (GMO) is an organism whose genome has been altered by g:uogrl::r:s‘:?amsm
humans. Commonly, they are crop species that have been modified to improve growth rates, yield, ;hearf:,i};?i;tesd
quality and nutritional value. Genetic modification can decrease pest and disease susceptibility, :2‘333;?,?;“
reducing the need for pesticides. techniues
Agricultural practices have changed to include the widespread use of genetically engineered crops.
Crop plants are modified to have a greater tolerance to environmental stressors such as drought or
heavy metals, allowing plants to grow in new areas. For example, some plants have been genetically
engineered to grow with less water so that they are more resistant to climate change. Until recently,
only three GM crops were approved to be grown in every mainland Australian state: canola
(rapeseed oil), cotton and safflower. After a ban was lifted, a wider range of GM crops can now be
grown in every mainland state.
Try this 2.8
GM food
A great debate continues to rage within society regarding
the health risks associated with eating GM food. Research
two advantages and two disadvantages of the use of GM
food and be prepared to debate with your classmates.
Figure 2.59 Cassava root has been genetically modified to have
increased levels of beta carotene (right). This decreases post-harvest
deterioration and also improves the nutritional value of the crop.
De-extinction
De-extincting is the process of bringing
an extinct species back to life through
genetic engineering using fragments
of DNA from preserved specimens.
De-extincting species is a controversial
idea, and many scientists argue
that funding would be better spent
conserving existing species and their
habitats. A start-up biotechnology
company called Colossal Biosciences
quickly raised millions of dollars after
announcing plans to de-extinct the Figure 2.60 A model reconstruction of a dodo on display
woolly mammoth, the thylacine and in the Birds gallery at the Natural History Museum in
the dodo. London.
Genetic engineering is also helping to alleviate global malnutrition and disease. A type of rice called
golden rice has been engineered to prevent blindness in children caused by vitamin A deficiency.
Another type of GM rice has been developed that has four times more iron than normal rice.
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Figure 2.61 Golden rice and normal rice Figure 2.62 Mosquitoes have been genetically modified
to slow the growth of malaria-causing parasites in their
gut, preventing transmission of the disease to humans.

Explore! 2.7

Genetically modified tomatoes
Many foods come from genetically modified organisms, and we call them GM foods. The Flavr
Savr tomato was the first commercially grown GM food that was granted a licence for human
consumption. Released in 1994, the tomato had an improved shelf life and was developed for
long-distance shipping. Recently, a GM tomato has been developed that contains higher levels
of anthocyanins, a pigment that occurs naturally in purple or blue fruits and vegetables such as
blueberries or red cabbage. By transferring a snapdragon gene into a tomato's genome, scientists
have produced a purple tomato that has the same levels of anthocyanins as blueberries.
1. Research why the team chose to genetically modify a tomato.
2. The high levels of anthocyanins in the purple tomatoes are beneficial for several reasons.

Research the effect of anthocyanins on:

a) shelf life

b) plant reproduction and survival

¢) human health.

Figure 2.63 The process by which the John Innes Centre and the Sainsbury Laboratory created a
GM purple tomato, which was approved for growing and breeding in the US in 2022. (a) Existing
purple-skinned tomatoes do not contain useful levels of anthocyanins. (b) Genes from purple snapdragon
flowers were added to the tomato. The snapdragon genes act like 'on switches', causing the purple
pigment to be expressed throughout the tomato, instead of just in the skin. (c) The resulting purple
transgenic tomato is high in anthocyanins, which have a range of benefits for human health.
organism
an organism that

possesses a foreign
gene or segment . . . . . ' P
of foreign DNA Transgenic organisms (TGOs) are the result of a type of genetic modification where a 'foreign' gene,
in its genome
because of human
experimentation

or a segment of 'foreign' DNA, is inserted into an organism's genome. A foreign gene is one that is

taken from another species. All transgenic organisms are GMOs, but not all GMOs are transgenic.
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By inserting human genes into mice, human diseases can be mimicked, particularly as the

genome and physiology of mice are so similar to humans. Transgenic mice are being used to study
conditions such as obesity, heart disease, diabetes and Alzheimer's disease. Transgenic pigs are being
investigated as a source of organs for transplants, which could address severe donor organ shortages.
CRISPR technology has greatly reduced the complexity of the creation of transgenic animals,

making the process faster and cheaper.

Human genes have been engineered into other mammals to supply the protein products of those
genes, usually for medical purposes. For example, transgenic goats have been genetically engineered

to produce milk that contains human antithrombin III. This is a protein that is used to prevent clots in
patients with hereditary antithrombin deficiency when they are in surgery or giving birth. A herd of
approximately 80 goats could supply enough human antithrombin III for all of Europe.

Figure 2.65 A CSIRO study found that genetically
modified sheep grow bigger and faster and can
Figure 2.64 Transgenic C5 plums contain a gene produce more milk and wool. However, they
that makes them resistant to plum pox virus. require more care than non-GM sheep.

Making thinking visible 2.5

| used to think ... now I think ... : Xenotransplantation

Xenotransplantation is the transplantation of living cells, tissues or organs from one species to
another. Transgenic pigs are promising xenotransplantation donor organisms as they share many
anatomical and physiological characteristics with humans. In 2022, the first pig-to-human heart
transplant took place. The operation was successful and, due to genetic modification, the heart
was not rejected by the patient's immune system. Unfortunately, he died 60 days later; scientists
are still investigating why this happened. Scientists have also been successful in transplanting
genetically modified pig kidneys into a brain-dead patient, with them functioning normally
throughout the study period.

Think about what you have learned about transgenic organisms and xenotransplantation and
complete the following sentence stems.

In the past, my viewpoint was ...

Currently, my viewpoint is ...

The | used to think ... now [ think ... thinking routine was developed by Project Zero, a research centre at the Harvard
Graduate School of Education.

Gene therapy

Gene therapy is a process by which a copy of a functional gene is introduced into an organism. The
gene is then switched on to produce the functional protein that is missing. This technique aims to
treat inherited disorders like cystic fibrosis by directly targeting the genotype (unlike treatments that
target the symptoms). Technical difficulties may arise when trying to specifically target the cells of

gene therapy

a process by
which a copy of a
functional gene is
introduced into an
organism
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affected tissue, and when targeting one specific gene without interfering with the function of other
essential genes. Ethical issues also arise. Some people argue that gene therapy should be restricted to
somatic tissue only, so the introduced gene is not transmitted through to the next generation. What
do you think about this issue?

Science as a human endeavour 2.5

The Human Genome Project
The Human Genome Project (HGP) is considered one of the most

important scientific research projects of the twentieth century. The
project aimed to sequence the entire human genome, that is, determine
the exact order of bases (A, T, C and G) that make up human DNA. It
took 13 years, almost three billion dollars and the efforts of thousands
of scientists from around the world. Today, the human genome can

be sequenced in a matter of days for less than $1000. This is due to

advancements in computer science and technology. The method used
to sequence DNA during the HGP was Sanger sequencing, which could

i i i Figure 2.66 Overlapping fragments of DNA
only read small fragments of DNA at a time. This meant that the entire  \yere used to sequence the human genome.

human genome had to be sequenced in tiny overlapping fragments and

then pieced together. The technique used today is called next-generation sequencing (NGS). NGS can produce
about 15000 times as much data per day as a Sanger sequencer. Computational biologists use technology to
interpret the data generated. This may include finding mutations that cause disease or running simulations to
predict how a biological system would respond to an environmental change. Without advances in processing
speed and storage space, it is unlikely that the field of genetics would be as advanced as it is today.

Quick check 2.19

Recall what GMO stands for.

Describe the process of gene therapy.

State an example of the application of genetic screening.

Discuss the reasons for the adoption of genetic screening by groups in society.

aprwDd-=

State five conditions that are screened for in Victoria through the newborn bloodspot
screening tests.
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Section 2.4 questions

Remembering

1. If a mutation is to be passed on to the next generation, state where it must have occurred.
2. Define the term 'mutagen’.

3. Recall the definition of a genetically modified organism.

Understanding

4. Explain what will happen if a nucleotide is deleted from the sequence of nucleotides within
a gene.

5. Explain what usually results when mutations occur in non-germ (somatic) cells.
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6. Explain whether or not all mutations are detrimental (harmful).
7. Explain how a mutated gene can lead to a genetic disorder.
8. lllustrate a diagram to outline how non-disjunction may occur and cause aneuploidy.

Applying
9. Using the table below, answer the following questions.

Second letter in the codon

u Cc A G
Uuu ucu UAU uGu u
Phe (F) Tyr (Y) Cys (C)
U uuC UCC  Ser UAC UGC (ot
UUA Leu (U UCA (S) UAA STOP UGA STOP A
eu
uuaG UcCaG UAG STOP UGG Trp(W) G
CuUuU CCuU CAU ) CGu u
His (H)
c CucC Leu () CCC  Pro CAC CGC Arg (R) (ot
i eu r i
lF'rSt cuA CCA P CAA o CGA 9 A lTh'rd
tt n tt
o CUG CCG CAG CGG c
in the in the
AUU ACU AAU AGU u
codon Asn (N) Ser (S) codon
A AUC le (1) ACC  Thr AAC AGC (ot
AUA ACA M AAA AGA A
Lys (K) Arg (R)
AUG Met (M) START ACG AAG AGG G
GUU GCU GAU GGU u
Asp (D)
GUC GCC  Ala GAC GGC (ot
G Val (V) Gly (G)
GUA GCA (A GAA Glu (B) GGA A
GUG GCG GAG T GGG G
The original DNA strand is GTC GGG ATA CGG CTC.
A gene mutation occurs, whereby the C in the first codon is replaced with a T, resulting in GTT
GGG ATA CGG CTC.
a) State the name of this gene mutation.
b) State the mRNA strand that was copied from the original DNA strand.
c) State the new mRNA strand produced from the mutated DNA strand.
d) State whether the amino acids stay the same or change.
e) Another mutation occurs, whereby a C was added to the beginning of the above original
DNA strand, giving CGTC GGG ATT CGG CTC.
State the name of this mutation and describe how it would affect the subsequent amino
acids that it codes for.
f)  Write out the mRNA code for this mutation and identify the corresponding amino acids.
10. Using the DNA sequence ACAATTGGTAGCTGAGTTGGCCCGTA, create an example of the
following mutations.
a) substitution b) inversion c) deletion d) insertion
Analysing
11. Contrast a genetically modified organism and a transgenic organism.
12. Contrast a spontaneous mutation and an induced mutation.
Evaluating
13. Discuss why the substitution of one nucleotide may not be as critical to the functioning of the
protein as the deletion or insertion of a nucleotide.
14. Propose an explanation for the relationship between increased rates of skin cancer and the
thinning of the ozone layer.
15. Construct a mind map that shows the different types of mutations that may occur.
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Chapter review

Chapter checklist

]
L‘ Success criteria Linked

questions

2.1 | can recall the components that make up the structure of DNAand 6, 13
RNA molecules.

2.1 | can describe the relationship between DNA, genes and 1,4,14
chromosomes.

2.1 | can describe the steps in which DNA is used to synthesise proteins. 7, 18

2.2 | can recall the steps involved in DNA replication. 3

2.2 | can describe the stages of cell division in mitosis and meiosis. 15,16, 17

2.2 | can define the terms 'diploid' and 'haploid' with respect to human 8, 9
chromosome numbers in somatic cells and gametes.

2.2 | can use a karyotype to determine information about an individual. 10

2.3 | can define the terms 'homozygous', 'heterozygous', 'dominant' and 2, 5, 12
'recessive’ with respect to genetic inheritance.

2.3 | can use and interpret Punnett squares to identify possible 19,21, 22
genotypes and phenotypes of offspring.

2.3 | can use pedigree diagrams to determine the type of inheritance 20, 23
that is occurring.

2.3 | can explain codominance, incomplete dominance and sex linkage. 11, 19, 21

24 | can explain the different types of mutations, including their causes 16
and effects.

2.4 | can recall some applications of DNA manipulation. 24

Go online to Scorcher Review j Data DOC
access the competition questions () questions (= L

interactive
chapter review!

Review questions

Remembering

1. State the name of the position on a chromosome where a particular gene is located.
2. Recall two autosomal recessive inheritable traits.
3. Recall the name of the enzyme that unwinds the DNA double helix during DNA replication.
4. Name the structure that results from the wrapping of DNA around histone proteins.
5. Define the terms 'homozygous', 'heterozygous', 'dominant' and 'recessive'.
6. Identify the parts of the nucleotide below.
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7. State the locations in the cell where transcription and translation occur.
8. State how many chromosomes you would expect to find in a:
a) human somatic cell
b) human gamete
c) human somatic cell with Down syndrome.
9. The table below shows several different organisms with their diploid chromosome number.

Organism Chromosome number (2n)
Chimpanzee 48
Human 46
Horse 64
Onion 16
House fly 12
Worm 20

a) Identify the organism with the highest number of chromosomes in its gametes.
b) State the haploid number of the onion.
10. Identify what information can be gained from the following karyotype.
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Understanding

11. Explain why males have more chance than females of inheriting an X-linked recessive trait.

12. Assuming eye colour in humans is controlled by a single pair of genes and that brown
eyes are dominant to blue eyes, determine the genotype of a brown-eyed man if he and a
woman with blue eyes produce a baby with blue eyes.

13. lllustrate a diagram to show how two nucleotides join together with hydrogen bonds.
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114 Chapter 2 GENETICS

14. Explain why chromosomes are not always visible.

15. When cells reproduce themselves, the DNA is replicated. Explain why this is necessary.
16. Explain how aneuploidy occurs.

17. Contrast meiosis and mitosis.

18. lllustrate a diagram to show the processes of transcription and translation.

Applying
19. Using a Punnett square, determine the genotypes and phenotypes of the children if a
normal-vision female carrier of colour blindness has children with a normal-vision male.

Normal-vision carrier female (XBX)
XB Xb

Gametes

Normal-vision X®
male (XBY) Y

20. Construct a pedigree with the following information.

A woman with Huntington's disease marries a man who does not have Huntington's
disease. They have three children. The first child is a male, the second child is a female,
and both do not have the disease. The third child, a male, does develop the disease.
Remember that Huntington's disease is an autosomal dominant genetic disorder.

21. An abandoned baby was handed in at the police station. Later, two women claimed to
be the baby's mother. Blood studies revealed that woman 1 had blood type A, and that
woman 2 had blood type AB. The baby had blood type O. Deduce which woman could
possibly be the baby's mother and which woman can be ruled out completely. Show your
working.

22. Chondrodystrophy is an autosomal recessive condition that is governed by a single gene
with two alleles. In turkeys, affected embryos die approximately 16 days after fertilisation,
so they do not survive long enough to hatch. Two turkeys that are heterozygous for the
condition are crossed. Show your working to determine the phenotypic and genotypic
ratios of the offspring.

Let T = normal allele, and t = allele with chondrodystrophy.

Analysing
23. Use information from the following pedigrees to infer the inheritance pattern shown.

£ 58 Bleseni
?) C

EOEEEC

24. Personal genome screening can be readily ordered over the internet. Evaluate the pros

Evaluating

and cons of having DNA testing so readily available at an affordable cost.

25. You had genome screening and found out that your genes conferred a 25% chance of
developing a disease. However, you also know that environmental and lifestyle factors play
a large role in whether you develop the disease.
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a) Evaluate how this information would affect your life.
b) Discuss how this scenario is different from knowing about a disease that is not

influenced by lifestyle factors.

Data questions

A student prepared an onion root tip slide and examined the cells using a light microscope.
She recorded the number of cells in each stage of the cell cycle.

Table 2.6 shows her results.

Stage of cell cycle Number of cells recorded
Interphase 340
Prophase 13
Metaphase 4
Anaphase 3
Telophase 6

Table 2.6 Number of onions cells in each stage of the cell cycle

She then calculated the mitotic index for different areas of the root tip. The graph shows

her results.
0.12
010
$ 0.08 .
©
£
£ 0.06
o
S 0.04 \\:
0.02
0.00
0.0 0.5 1.0 1.5 2.0
Distance from root tip (mm)
Figure 2.67 Mitotic index plotted against distance from root tip
Applying

1. The mitotic index of dividing tissue is calculated with the following formula:

number of cells seen that were undergoing mitosis

mitotic index =
total number of cells seen

Calculate the mitotic index of the tissue shown in the table.
2. The duration of any phase of the cell cycle can be calculated with the following formula:
number of cells seen in that phase _ cell cycle duration of

total number of cells seen the organism

phase duration (minutes) =

The cell cycle duration for the onion is 24 hours.
Calculate the duration of metaphase.

Analysing
3. ldentify the trend shown in the graph in Figure 2.67.
4. Extrapolate the data in the graph to estimate the mitotic index of the cells found 2 mm

from the root tip.
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116 Chapter 2 GENETICS

STEM activity: Designing and prototyping an
assistive device for individuals
with a genetic disease

Background information

When a mutation occurs that is not beneficial, complications occur. An example of a disease
with genetic causes is scoliosis. Scoliosis is a sideways curvature of the spine that usually occurs
before puberty. Genetic diseases such as cerebral palsy and muscular dystrophy can cause
scoliosis, but the cause of most cases of scoliosis is unknown.

Figure 2.68 Various brace designs can be used for the treatment of scoliosis.

DESIGN BRIEF

Research a genetic disease. Design and build an apparatus that can help to improve the
quality of life for people with the selected disease.

Activity instructions

In groups of three or four, conduct basic research on a genetic disease. Then design an
apparatus that will improve the quality of life for people with that condition. Consider how the
product would be built and marketed. Each team member needs to have a clear role but must
be able to contribute to all aspects of the project.

Suggested materials

® computer * papier maché
* pencil e chicken wire
* paper e 3D printer

* ruler * cardboard

* balsa wood ® poster paper

plaster

ISBN 978-1-009-60347-8
Photocopying is restricted under law and this mate

et al. © Cambridge University Press & Assessment 2025
sferred to another party.




STEM activity: DESIGNING AND PROTOTYPING AN ASSISTIVE DEVICE 117

Research and feasibility

1. Research genetic diseases and as a group decide which genetic disease will be the focus.
2. Create a table of the causes and effects of the disease.

Genetic disease cause Effects on part of body Ideas to help

e.g. Muscular dystrophy ~ Reduced joint movement  Brace and orthotics for feet

Muscle loss

e.g. Haemophilia Whole body can be e Creation of children's play suit
Blood doesn't clot bruised easily. e Creation of some type of
effectively. buffing edging that could be

applied to furniture

3. Find pictures or diagrams of current equipment used, and annotate them with features and
characteristics that relate to assisting people living with this disease.

Design and sustainability

4. Sketch potential design solutions (at least two) and annotate the purpose of the apparatus
and what it is made of. Describe how it will improve the quality of life for people with this
disease. How will it improve on current aids or tools (if any)?

5. Reflect on the materials you would use in real-world construction and comment on the
durability and sustainability of the materials.

Create

6. Build a prototype of your design using available construction materials.

Evaluate and modify

7. Reflect on the prototype you have created and its effectiveness to help people with your
chosen genetic disease.

8. Discuss as a group the modifications you would make in your solution to increase the
effectiveness of design.

9. Present your prototype to the class. Outline the effectiveness of the prototype and
demonstrate supporting ideas that show how the prototype would improve the quality
of life of a person with this genetic disease.
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Chapter 3 —

Evolution A

Chapter introduction

Life on Earth has been evolving for billions of years, resulting in an enormous diversity of organisms.

But despite the differences, there are also similarities. While koalas, quolls, frogs and dolphins all look

different, their skeletons are organised in the same way. This can be explained by evolution: the idea

that all organisms on Earth are the living descendants of common ancestors that have changed over

a long period. The evidence we see in the fossil record, genetics and other fields of science supports

the theory of evolution. In this chapter, we will analyse the evidence that supports the theory for

evolution and look at the key processes involved.

f’ -4 '| 1(978- - 9& -8"/ W
hotocoﬁ 's]@‘ted under.lau ﬂls material ;nust not




Concept map

Mechanisms of evolution:

e Mutation

* Gene flow Biodiversity
e Sexual reproduction
e Genetic drift

e Natural selection

l

Natural selection: Speciation:
e Variation e Variation

e Selection * Reproductive
isolation

Evolution — lversus

Avrtificial selection:

® Reproductive
technologies

e Gene technologies

Evidence for evolution:

* Palaeontology Section 3.1
e Comparative anatomy
* Comparative embryology Section 3.2
e Molecular biology

Section 3.3
e Biogeography
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Curriculum content

the theory of evolution by natural selection includes the processes of variation, isolation and
adaptation and is supported by evidence, including the fossil record, biogeography and comparative
embryology; the theory explains past and present biodiversity and demonstrates how all organisms
have some degree of relatedness to each other (VC2510U05)

examining biodiversity as a function of evolution 3.1

investigating some of the structural and physiological adaptations of Aboriginal and/or | 3.1
Torres Strait Islander Peoples to the Australian environment

considering the debates and research regarding whether humans or climate change 3.1

were causal factors in Australia's Pleistocene megafaunal extinction

outlining processes involved in natural selection, including variation, isolation and

selection

relating genetic characteristics to survival and reproductive rates

investigating changes caused by natural selection in a particular population as a
result of a specified selection pressure, for example, artificial selection in breeding for

desired characteristics

analysing evidence for the theory of evolution by natural selection, including the fossil | 3.3

record, chemical and anatomical similarities, and geographical distribution of species

scientific knowledge may be interpreted in different ways by individuals and groups in society;

the values and needs of society can influence the focus of scientific research (VC2S10H04)

e researching how particular values in nineteenth and early twentieth-century Australia, | 3.2

combined with scientific misconceptions about heredity and evolution, have influenced
policies and attitudes about Aboriginal and/or Torres Strait Islander Peoples

Victorian Curriculum V2.0 F-10 © VCAA 2024

Glossary terms

Absolute dating
Adaptation

Allele frequency
Analogous structures
Artificial selection
Biodiversity
Biogeography
Biostratigraphy
Biota

Bipedal

Bottleneck effect
Direct evidence
DNA hybridisation
Ecosystem diversity
Endangered
Endemism

Evolution

Evolutionary tree
Extinct

Fertile

Fossil

Fossil record
Fossilisation
Founder effect
Gene flow

Gene pool
Genetic diversity
Genetic drift
Genetic variation
Half-life
Homologous structures
Index fossil
Indirect evidence

Mass extinction

Megafauna

Natural selection
Population
Radioisotope
Relative dating
Reproductive isolation
Selection pressure
Selective advantage
Selective breeding
Speciation

Species

Species diversity
Stratigraphy

Trace fossil
Variation

Viable
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Section 3.1 EVOLUTION 121

@ Evolution

Learning goals

At the end of this section, | will be able to:

1. Describe how evolution can take place through five key drivers.
2. Explore how biodiversity has changed over time.

Evolution is a complex process that encompasses genetic changes occurring over extended
periods within populations. These changes, combined with environmental influences, give rise

to phenotypic variation among individuals. The primary source of genetic variation is mutation,
which introduces new alleles into a population. Additionally, meiosis and the random fertilisation
of gametes during sexual reproduction contribute to the reshuffling and mixing of existing
genetic material.

Within a population, individuals possessing traits that enhance their ability to survive and
reproduce in a particular environment have a higher likelihood of surviving to reproductive age
and passing on their advantageous alleles to their offspring. Over time, these advantageous alleles
become more prevalent in the population, causing a shift in allele frequency.

The effect of these genetic changes, driven by natural selection, genetic drift, migration and other

evolutionary forces, leads to the changes in populations and the potential emergence of new species.

Mechanisms of evolution

Evolution can take place through five key drivers:
e mutation

o gene flow

o genetic drift

o natural selection

« sexual reproduction - including meiosis and random fertilisation (as discussed in Chapter 2).

Natural selection
Mutation (random atural selectio

change in DNA)

(random change in DNA a population
over time

Gene flow
(migration)

X F (survival of the fittest)
. Genetic composition
Sexual reproduction Variation in

j k Genetic drift (chance)

Figure 3.1 Changing genetic information creates variation within a population. This leads to an overall change
in the genetic composition of a population, which means evolution is occurring.

WORKSHEET
Mechanisms
for evolution

evolution

change in

the genetic
composition of

a population

over successive
generations, which
may result in the
development of
new species

population
(ecological) a group
of a particular
species living and
interbreeding in the
same geographical
area

genetic variation
the differences in
DNA sequences
between individuals
within a population

allele frequency
the relative
proportion of a
specific allele within
a population

variation

the range of
differences or
diversity in traits,
characteristics or
genetic make-up
among individuals

—————> of population changes ———————> Evolution
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122 Chapter 3 EVOLUTION

Mutation

For evolution to occur, there must be a change in the genetic make-up of at least one individual.
Recall from Chapter 2 that a mutation is a spontaneous or induced change in the genetic sequence
of an organism's DNA. If present in gamete cells, mutations are heritable and can be passed down
to future generations (Figure 3.2).

Mutation is a random process, and changes can occur anywhere in the DNA. Mutations may

have various effects on the phenotype of organisms, ranging from no change to large changes.
These large changes include genetic diseases that are associated with a loss of function. Since
genetic disease reduces an individual's chance of survival, these are often not passed on to future
generations. However, in specific circumstances, mutations that are usually detrimental or harmful
can be beneficial. For example, a mutation in the haemoglobin gene causes sickle cell anaemia, but

the trait is also protective against malaria infection.

Mutations are the most important source of genetic variation, as they can introduce new alleles.

If the mutation is advantageous and occurs in the gametes, it may lead to a shift in the genetic
composition in the population. This links to another driver of evolution called natural selection,
which will be covered later. Along with natural selection, mutations are one of the main drivers of

evolution, and without them evolution cannot occur.

Spontaneous or induced mutation
|

Figure 3.2 A spontaneous or induced mutation in a gamete can cause a change
in the DNA code passed on to the next generation, contributing to evolution.

Genetic disease Some of the outcomes

Albinism No or little colour in skin, hair and eyes
Reduced sun protection

Cystic fibrosis Thicker mucus lining organs
Respiratory and other health problems
Fatigue

Duchenne muscular dystrophy Progressive muscle weakness

Haemophilia Blood cannot clot properly

Abnormal bleeding

Sickle cell anaemia Sickle-shaped red blood cells can interrupt blood flow
Pain and fatigue
Resistance to malaria, which is beneficial in areas where
malaria is common

Table 3.1 Some examples of genetic diseases caused by mutations
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Human adaptations to temperature

Researchers have found that approximately half of the Aboriginal population of Western
Australia have a mutation that allows them to produce a different amount of thyroxine, a
hormone that regulates metabolism including body temperature. This adaptation provides an
advantage in coping with extreme heat, such as in areas that can regularly exceed 45°.

S—

WARMEST WELCOME
FROM AUSTRALIAS
HOTTEST TOWN

Figure 3.3 Marble Bar, in the Pilbara region of Western Australia, is Australia's hottest town. Temperatures
more than 45°C are common in December and January.

Contrastingly, a gene that is associated with cold temperatures has been found in higher
frequency in European populations living in (or originating from) cold, northern climates. The
gene, called TRPM8, codes for a receptor that detects and responds to cold temperatures.
The same receptor is also activated by menthol, causing the 'cooling' sensation we get when

consuming mints or mint-containing foods.

.

Figure 3.4 Breath mints contain menthol, which activates the same receptor that
detects cool or cold temperatures.
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124 Chapter 3 EVOLUTION

Gene flow
gene flow Another way genetic variation can be introduced into a population is through gene flow, which is
gﬁeg';”noe"t?:‘e“t enabled by migration. Migration is the movement of individuals from one population to another,
i”formatiﬂ”t‘frorz while gene flow specifically refers to the movement of alleles from one population to another. Gene
one population to
another through flow can only occur between separate populations of the same species because they must be able to
migration

interbreed and reproduce (Figure 3.5).

Gene flow can occur through different kinds of events, such as seed dispersal, animals moving to

different areas or movement forced by natural disasters such as fires or floods.

Figure 3.5 Unlike alleles created by mutations, the alleles brought in by gene flow already
exist within the species but are absent from some populations.

Making thinking visible 3.1

Claim, support, question: Koalas and gene flow
While the koala is one species, there are five distinctly
different genetic populations across Australia's east coast.
The loss of genetic diversity from small fragmented koala
populations increases their risk of extinction due to both
inbreeding and an inability to adapt when the environment
changes. Maintaining genetic diversity in koalas is critical

to their survival. This can be achieved by maintaining large

B Curent Rangs interconnected natural populations or through wildlife

@ Historic Range translocation, which is an artificial form of gene flow.

Wildlife translocation is being used with increasing
frequency to conserve a variety of species, but it is also
controversial, even among conservationists. Potential

Western

. problems include the spread of diseases, increased stress
Australia

and mortality of relocated animals and negative impacts

. on the organisms at release sites.
Port Macquarie 9

Campbelltown Using your prior knowledge and the information provided,
make a claim about wildlife translocations.

N 3
Cape Otway", #South Gippsland
.t Provide evidence to support your claim.
TasmamaU

Pose a question related to your claim or supporting
Figure 3.6 The survival of koalas depends on maintaining gene

. . . evidence. What remains unexplained or requires further
flow between increasingly isolated populations.

investigation?

The Claim, support, question thinking routine was developed by Project Zero, a research centre at the Harvard Graduate School of Education.
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Genetic drift

Genetic drift is random changes in allele
frequencies in a population over time. Genetic
drift is always happening in a population, as
chance outcomes of meiosis, crossing over and
fertilisation affect the genetic composition of
each new generation. The effects of genetic
drift are greater in smaller populations. Two
extreme examples of genetic drift are the
founder effect and the bottleneck effect.

Section 3.1 EVOLUTION 125

genetic drift

the random change
in allele frequencies
in a population
from generation to
generation

founder effect

the decrease in
genetic diversity
that occurs when

a population is
descended from a
small population
that separated from
a larger one

bottleneck effect

The founder effect occurs when a small Figure 3.7 Norfolk Island, which is located between th:ﬂg:?gii;g
number of individuals leave a population New Zealand and New Caledonia, was used as a penal ?esumng foms

colony and then abandoned in 1855. Most present-day rapid reduction
o o islanders are the descendants of a founder population I thel Si.ze Ofda
chance, it is likely that allele frequencies in made up of a small number of the descendants of g T B
the small founder population will be different ~ the HMS Bounty mutineers and Tahitian women who Zfzudi;i;s;iiiﬁies
relocated from Pitcairn Island in 1856. The founder such as overhunting
effect has significantly affected height and the

came from. prevalence of cardiovascular diseases in the islanders.

and establish their own colony. Simply by

from those in the larger population they

gene pool

the total set
o . . . L of genes and

A population 'bottleneck' occurs when the size of at least one generation of the population is alleles present in
. . a population
severely reduced, perhaps by a chance event such as an environmental disaster or because of human
activities such as habitat destruction or overhunting. This results in the deaths of many organisms,

leaving behind a small random population of survivors (Figure 3.8).

The bottleneck effect and the founder effect both result in populations with an allele frequency
that differs in a random way from their source or original population. In both cases, because the
remaining population is much smaller than the original population, the effect of genetic drift

is amplified and there is also less genetic diversity. The gene pool of the new population is not
representative of the original population, which may result in the new population becoming

genetically distinct from the original population over time.

Figure 3.8 Someone standing on some beetles by accident is a random or chance event. If the population size
is greatly reduced to the extent that the genetic composition of the beetles' population has changed, this is an
example of how the bottleneck effect contributes to evolution.
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VIDEO
Natural
selection

selective
advantage

the characteristic
of an organism that
enables it to survive
and reproduce
better than other
organisms in a
population

natural selection
a process in which
organisms whose
phenotype is

best adapted to
their environment
are more likely

to survive and
reproduce

adaptation

a characteristic that
contributes to an
organism'’s ability
to survive in its
environment
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Did you know? 3.2

The black robin bottleneck
Before European colonisation,
black robins (Petroica traversi) were
common on Rékohu/Chatham
Islands, New Zealand. However,
their population crashed once
rats invaded the archipelago,
and by 1976, only seven birds
survived. The birds were moved
to a predator-free island, but
scientists were not confident that

the population, which had only one

Figure 3.9 The black robin (Petroica traversi)

breeding pair (called Old Blue and
Old Yellow), would recover due to the severe genetic bottleneck. However, as of 2022, there
are approximately 290 surviving birds and, surprisingly, although the bird is certainly one of
the most inbred in the world, genome analysis has shown that the frequency of harmful genetic
alleles in the population did not increase as a result of the bottleneck.

Natural selection

Individuals in a population show a wide range of phenotypes. Some of these phenotypes may
provide selective advantages, meaning those individuals are more likely to survive and reproduce,
passing on those advantageous alleles to their offspring. This is natural selection. Often, the

term 'survival of the fittest' is used to describe this: the organisms that are best suited to their
environment - that is, have the best adaptations - are more likely to survive and pass on their
genetic information. For example, look at Figure 3.10. These beetles live in the leaf litter on the
forest floor and have natural variation in their colour that is heritable: they can be green or brown.
The birds eat more green beetles, because they are easier to spot. The green beetles are at a selective
disadvantage (they have a lower fitness value), so fewer green beetles will survive to reproduce and
fewer alleles that code for green colouring will be passed on to the next generation. The brown
beetles are better adapted to their environment and have the better colour for survival (that is, the
brown beetle is at a selective advantage; it has a higher fitness value). Alleles that code for brown

colouring are more likely to be passed on to the next generation.

Figure 3.10 Alleles within a population are less likely to be passed on to the next generation if they are
disadvantageous. Brightly coloured beetles are more likely to be spotted by predators, which puts these
organisms at a disadvantage.
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Figure 3.11 Cane toads in rural areas have larger parotid (toxin) glands than those in urban areas. This may
be because bush toads are at a higher risk of predation, so it is a selective advantage to have glands that can
produce more bufotoxin.

Sexual reproduction

Recall from Chapter 2 that sexual reproduction involves the formation of unique gametes and the
contribution of genetic material from two parents. Crossing over and independent assortment
occur during meiosis, which forms new combinations of alleles in eggs and sperm. Additionally, the
combination of an egg and sperm from two parents further increases genetic variation in offspring.
Species with high genetic diversity are more likely to have advantageous adaptations that can help

them survive a changing environment.

Quick check 3.1

1. Define the terms 'evolution', 'population’, 'variation' and 'adaptation’.
2. ldentify the five drivers of evolution.

Try this 3.1

Drivers of evolution
Summarise the five drivers of evolution you have learned by copying and completing the

following table.

Mechanism Definition Contribution to evolution

Mutation

Gene flow
Genetic drift

Natural selection

Sexual reproduction
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Practical 3.1

Modelling genetic drift, natural selection and gene flow

Aim
. o . . ‘ Be careful
To simulate genetic drift, natural selection and gene flow in a population of

. Do not consume
jelly beans and analyse the consequences of each

food items.
Materials

e jelly beans: red x 20, green x 20 and blue x 20 (or anything similar, e.g. coloured paper)
® cups x 3: one labelled 'Population’, one labelled 'Next generation' and one labelled 'Spare jelly beans'

Method for Part 1: genetic drift

1. Copy the results table into your science book. m w

2. Place 10 red jelly beans and 10 green jelly beans in
SPARE NEXT

your 'Population’ cup. These represent the alleles of the POPULATION JELLY BEANS GENERATION
population. Place all other jelly beans in the 'Spare' cup 13%::;’" 1‘()0;:”
for unused jelly beans. Record the current population in
your results table as your first generation.
3. With your eyes closed, pick 10 random jelly beans from Figure 3.12 Part 1, Step 2
the 'Population’ cup and place them in the 'Next generation' cup. RS0 i
These are the alleles that will be passed on. /_\
4. Throw the remaining jelly beans from your 'Population’ cup into the m
‘Spare' cup. Duplicate the 10 jelly beans in your 'Next generation' cup
(e.g. if you picked out 4 red and 6 green, pick out another 4 red and 6 NE
green from the 'Spare' cup and place them in the 'Next generation' cup). POPULATION GENERATION

First...

= a » I ﬁ » ﬂ > Figure 3.13 Part 1, Step 3

Move all jelly beans

SPARE NEXT
POPULATION JELLYBEANS GENERATION /'_\

NEXT
GENERATION POPULATION

... then use spares to
duplicate the 10 jellybeans

Figure 3.14 Part 1, Step 4

5. Record this in the next row of your results table. Figure 3.15 Part 1, Step 6

6. Take the new generation alleles (jelly beans) from the 'Next Move x3 green
generation' cup and place into the 'Population’ cup. /__\
7. Repeat steps 3-6 until you have 10 rows of data,
or until one colour is eliminated. m %

Method for Part 2: natural selection SPARE
8. Start by repeating steps 1 and 2 of the method for genetic drift. POPULATION JELY RS
9. Imagine that green has a selective disadvantage (the opposite

of a selective advantage). Pick out 3 green jelly beans from the

'‘Population’ and move them into the cup for spare jelly beans.
10. Repeat steps 3-6 of the method for genetic drift until you have 10

. . . Figure 3.16 Part 2, Step 2
rows of data or until one colour is eliminated. ° P

continued ...
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Results for Part 1: genetic drift and Part 2: natural selection

Table showing number of alleles in generation 1 for genetic drift and natural selection

Number of alleles
Generation
Red Green
1 10 10
Move x5 blue

Method for Part 3: gene flow

11. Copy the results table into your science book. /—\

12. Start with 10 red jelly beans and 10 green jelly beans and place m m

them in your 'Population’ cup. Record this in your results table.
13. Add 5 blue jelly beans into the 'Population’ cup.

14. Repeat steps 3-6 of the method for genetic drift until you have JELSL%R&NS POPULATION
10 rows of data or until two colours are eliminated.
Results for Part 3: gene flow
Table showing number of alleles in generation 1 for gene flow Figure 3.17 Part 3, Step 3
. Number of alleles
Generation
Red Green Blue
1
10 10 0

(before migration)

Discussion: Analysis

1. Plot your results on a graph. There should be one graph each for the genetic drift, natural selection and gene
flow simulations.

2. Describe what happened in each case. How do the results compare to what you would expect for each process?

3. Did your results show any colour becoming extinct in your population?

4. Compare your results for genetic drift with those of another classmate or group. Account for any contradicting
trends in the results.

5. Propose what step 6 could represent in the genetic drift simulation.

6. Propose what step 10 could represent in the natural selection simulation.

7. Propose what step 13 represents in the gene flow simulation.

8. Imagine that the introduced blue allele also had a selective advantage in the gene flow simulation. How would

you simulate this scenario?

9. Imagine that there was a mutation in one of the jelly beans that turned it orange. How could this affect future
generations?

10. What assumptions have we made about the red, green and blue alleles in this simulation?

Discussion: Evaluation

11. Can reliable conclusions and predictions be drawn from the results? Justify your answer.

12. List some limitations of this simulation compared to what happens in real life. Justify your response.
13. What are some ways the simulations can be improved?

Conclusion

1. Make a claim about how genetic drift, natural selection and gene flow affect each population of jelly beans.
2. Support your statement using the data you gathered, and include potential sources of error.

3. Explain how the data support your statement.
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biodiversity

the variety of life

on Earth, including
the diversity of
species, the genetic
differences within

a species and the
ecosystems where
species are found

species diversity
the number and
abundance of
different species in
a given area

genetic diversity
the number of
different alleles
of genes in a
population

ecosystem
diversity

the variation in
ecosystems in a
given area
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Chapter 3

EVOLUTION

Biodiversity as a function of evolution

Biodiversity (biological diversity) refers to the variety of life on Earth. It includes species diversity
(the number of different species within an ecosystem), genetic diversity (the number of different
alleles of genes in a population) and ecosystem diversity (the variation in ecosystems in a given
area). Over time, populations within a species can become so different that they become different
species, increasing biodiversity. Thus, evolutionary processes have resulted in the biodiversity we

see today.

Australia's unique biodiversity is best explained by isolation. Australia was once part of a
supercontinent called Gondwana that even earlier was the southern part of a giant land mass called
Pangaea. Gondwana was made up of the continents and countries that we know today as South
America, Africa, Australia, India and Antarctica. Gondwana is thought to have begun breaking up
approximately 140 million years ago. As a result, our plants and animals have been isolated over a
long period of time from the plants and animals of other continents and land masses.

As the continents moved across the surface of Earth, so too did their assemblages of plants and
animals. This not only created geographical barriers (like oceans, mountain ranges and large rivers),

but over time it also brought new combinations of species together.

a "\ b

-
&

s

Figure 3.18 These maps show the progression from the giant land mass Pangea (a) into a northern Laurasia
(b) and southern Gondwana (c), and finally the continents as they are today (d).

Quick check 3.2

1. State what is meant by the term 'biodiversity'.
2. Recall what supercontinent Australia was once part of.
3. Explain how the movement of continents led to increased species diversity.

Biodiversity through time
Our understanding of the origin of life on Earth is based upon the scientific evidence of the fossil
record and genetic comparisons to modern life forms. Earth is approximately 4.5 billion years old,

and the most primitive cells first developed some 3.5 billion years ago.
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Although life appeared early in Earth's history, evolution beyond the simple cell stage did not occur
until much later - approximately 600 million years ago. Since then, the biodiversity that exists on
Earth has fluctuated depending on changes in the environment. Figure 3.19 shows a timeline of the

major stages in the development of life on Earth.

Biodiversity has been affected by five mass extinction periods. In mass extinctions, a huge number
of Earth's species die off over a short period of geological time. One of the best-known causes of a
mass extinction is an asteroid impact that may have killed off the dinosaurs. An asteroid is suspected
to be involved in just one case of mass extinction, but volcanic activity has been implicated in at
least four. Here are some hypothesised causes for the biggest mass extinctions on Earth:

« volcanic activity

o climate change

» changes in deep-ocean oxygen levels

 changes in sea level.

A combination of the above causes may have contributed to mass extinctions, which caused
major and rapid changes in Earth's biota. If there is sufficient genetic variation in a species when
an environmental change occurs, such as when there is a volcanic eruption, some organisms
within a population will be better suited to that new environment than others. The survival of
the better-adapted individuals will result in a change in the genetic composition of the species'

population, resulting in its evolution over time.

2 Ma: Present
First humans
4550 Ma:
Formation of Earth

ca. 380 Ma:
First vertebrate land animals ~

4000 Ma:
Formation of the Moon

210Z0U8)
S
-+
=
23
E
[0}

Euka, Yotes

ca. 2300 Ma:
\Atmosphere becomes oxygen-rich

ca. 3500 Ma:
Photosynthesis starts

EVOLUTION

mass extinction
a widespread
decrease in
biodiversity on
Earth occurring in
a short geological
period

biota

all the living
organisms

found within a
particular region or
ecosystem

Figure 3.19 A timeline of Earth's history (ages are abbreviated from Latin: Ga (giga-annum) represents a billion years;

Ma (mega-annum) is a million years)
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endemism

a state of being
confined to a small
defined geographic
location

megafauna

large animals with
a body mass over
45 kilograms

fossil record

the record of past
life and evolution
inferred from fossils
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Figure 3.20 Eastern Australia is littered with the remnants of hundreds of volcanoes. The region was affected
by repeated volcanic super eruptions between 252 and 256 million years ago. (a) Evidence of this can be seen
in light-coloured layers of volcanic ash in sedimentary rock. There is also evidence that large areas of forest
disappeared and many species of animals became extinct after the supervolcanoes erupted, contributing to
the global Permian-Triassic mass extinction. (b) Mount Napier is Victoria's most recently active volcano.

The biodiversity of Australia

Australia's biodiversity is rich and unique; estimates suggest that between 7% and 10% of all species
on Earth are found here. This unique biodiversity developed in isolation over millions of years,
producing a high level of endemism. This means many species found in Australia are unique to

the region and are not naturally found anywhere else in the world. This high level of endemism is
attributed to Australia's geographical isolation and long evolutionary history, which allowed the
development of species adapted to the specific Australian environment. Australia's biodiversity is also
influenced by its unique environmental conditions, which include high fire frequency, nutrient-poor

soils, climatic variability and a relatively flat landscape.

Australia's landscape has undergone significant transformations over tens of thousands of years,
shaped by a combination of natural events, ecological processes, and human interactions. Humans,
both Aboriginal and Torres Strait Islander Peoples and later, Europeans, have affected Australia's
biodiversity. The current scientific understanding is that it is likely that the initial Aboriginal and
Torres Strait Islander people arrived in Australia via South-East Asia when ocean levels were lower
and there were more land bridge connections between land masses. Scientists have found evidence
that Aboriginal and Torres Strait Islander people have lived on the Australian continent for at least
65000 years. Early sustainable land management practices carried out by Aboriginal and Torres Strait
Islander people, such as fire management (often referred to as fire-stick farming), played a key role
in promoting biodiversity and managing ecosystems. However, the arrival of European colonisation
introduced widespread habitat destruction, invasive species and unsustainable practices that
drastically altered the environment and the ability of Aboriginal and Torres Strait Islander people to

live in mutually sustainable ways with the environment.

The continent was once home to megafauna, which were large land animals that evolved

millions of years after the dinosaurs became extinct. In Australia, they included:

o Palorchestes azael, shown in figure 3.21a, a marsupial about the size of a horse;

o Diprotodon optatum, shown in figure 3.21b, the largest marsupial ever to have lived, with a
shoulder height of 1.8 metres and weighing close to 3 tonnes;

o Thylacoleo carnifex, a 1.5-metre-long marsupial lion; and

o Wonambi naracoortensis, a 50-kilogram, 5-metre-long snake.

The fossil record and rock art created by Aboriginal people suggest that these species coexisted with
Aboriginal and Torres Strait Islander people for tens of thousands of years. The cause of megafauna
extinction is unconfirmed but is thought to have resulted from a combination of factors, including

climate change, shifting ecosystems, p0551b1e overhuntlng and changln%water and vegetation availabili
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Section 3.1 EVOLUTION

Research indicates that increasing aridity, more frequent fires and reduced water sources may
have significantly impacted megafaunal habitats and diets, contributing to their decline. Analysis
of fossilised teeth has found that climate change had a significant impact on megafaunal diets. These
changes highlight the complex interactions between climate, ecosystems, and human practices in
shaping the Australian environment over millennia.

Figure 3.21 lllustrations of (a) Palorchestes azael and (b) Diprotodon optatum, two extinct species classified as
Australian megafauna.

Maintaining biodiversity

Maintaining biodiversity is extremely important. A reduction in
biodiversity can have huge impacts on ecosystems and result in loss
of species that are beneficial to other species, including humans.
Maintaining diversity means keeping a full range of species in
ecosystems in order to conserve the variety of organisms on Earth.

Species are considered endangered if they meet the criteria set by

the International Union for Conservation of Nature (IUCN). These

include species whose numbers have experienced a reduction of 70% in

Figure 3.22 Rock art depicting a hunter and
a decade and species with fewer than 250 mature individuals living in a a giant kangaroo in Anbangbang Shelter at

single population. Burrunggui, Kakadu National Park

Endangered species are at risk of becoming extinct, especially if there is not enough genetic variation =~ endangered
a species that is at

in the population. However, species can be at risk even if their population is large. Changes in the rislt{ Oftbecoming
extinc

environment that may cause extinction include new diseases, new predators, competition with a e

better-adapted species and loss of habitat. a species that has

no living members

Making thinking visible 3.2

Tug for truth: The Pleistocene megafaunal extinction
There is an ongoing debate as to whether humans or climate

change caused the extinction of megafauna during the Pleistocene M
epoch, with evidence supporting both sides of the debate.

1. Based on the information in this chapter, do you have an

—

opinion about the cause of the extinction of megafauna?

Imagine that you were engaged in a tug-of-war, where each side of the rope represented the cause of megafauna
extinction, human or climate change.
Evidence can be found for both sides of the debate, which acts as a tug on the rope.

2. Complete research to find evidence for each side of the debate. Write down the source of each piece of evidence.
Ensure the evidence you use is from credible, respectful sources that do not perpetuate stereotypes or bias against
Aboriginal and Torres Strait Islander Peoples.

3. After you complete your research, reflect on whether your opinion on the debate has changed.

The Tug for truth thinking routine was deleveloped by Project Zero, a research centre at the Harvard Graduate School of Education.
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There are ways that humans can help to maintain biodiversity. In situ protection occurs within an
animal's or plant's natural habitat, such as in conservation reserves. Ex situ conservation occurs
outside the natural habitat, such as in zoos or seed banks. Many zoos have captive breeding
programs in which they breed animals to help the survival of endangered species. Such programs
aim to reintroduce the species back into the wild, which would aid in keeping population numbers
up and limiting inbreeding.

Figure 3.23 With less than 2000 mountain pygmy possums left in the wild, they are considered critically
endangered. They are Australia's only hibernating marsupial, found in three locations: the Bogong High Plains
and Mt Buller in Victoria, and Mt Kosciuzko in New South Wales. Zoos Victoria have been involved in recovery
efforts since 2006, with a breeding population in Healesville Sanctuary.

Explore! 3.1

Conservation of Australian species

Australia has the fourth-highest level of species extinctions in the world and is in the top three

for critically endangered animals. Since 2016, 202 animal and plant species have been listed as

threatened, including the regent honeyeater, northern quoll and the black-flanked rock wallaby.

Conduct some research to answer the following questions.

1. Choose an endangered
Australian species and research
conservation efforts put
into place for the species.
These may include education
programs, captive breeding,
legal protection of habitats and
ecosystems created artificially.

2. Many of today's species
have survived by adapting
where other species, less
well adapted, died out. Do
you think we should try to

protect endangered species to
preserve biodiversity? Why? Figure 3.24 A regent honeyeater (Anthochaera phrygia)
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Quick check 3.3

Define the terms 'biodiversity', 'endangered' and 'extinct'.
Explain the link between biodiversity and evolution.
Name one change in the environment that may lead to the extinction of a species.

i A\ e

Discuss how humans have affected biodiversity and therefore evolution.

Making thinking visible 3.3

Connect, extend, challenge: Cat curfew
Australia has the highest mammal extinction

rate in the world: 34 mammal species have
disappeared since European settlement.
Introduced predators, particularly feral cats
and the European red fox, have caused
most of these extinctions. Extinctions have
been particularly high in arid and semi-arid
regions. One report found that every year
each individual feral cat in Australia kills
390 mammals, 225 reptiles and 130 birds.
Combined with those killed by domestic
cats, over two billion native animals are

killed by cats each year in Australia. Figure 3.25 A feral cat

In many Australian local council areas, cat owners must now keep their pets on their own land. In
some areas, there is a curfew so cats are not allowed outside after dark; in other areas, cats are not
allowed outside at all.

After reading about mammal extinctions in Australia, reflect on the following:

1. How do the concepts and details connect to your existing knowledge?

2. Which new insights did you gain from the text that expanded your understanding or
encouraged you to consider new perspectives?

3. What questions arise for you after processing this information?

Figure 3.26 (a) The Christmas Island pipistrelle (Pipistrellus murrayi) and (b) the Bramble Cay melomys
(Melomys rubicola) were the first Australian mammals to become extinct in the past 50 years.

The Connect, extend, challenge thinking routine was developed by Project Zero, a research centre at the Harvard
Graduate School of Education.
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Section 3.1 questions

Remembering

1. Define the terms 'evolution' and 'population’.

2. Name one extinct Australian species.

3. Name one species deemed critically endangered within Australia.

4. Define the term 'variation' and give four different examples of variation within a species not
provided in the text.

5. Recall where variation in a population comes from.

Understanding

6. Explain how mutations contribute to variation within a species and, consequently, evolution.

7. Explain how gene flow can contribute to a change in the allele frequency of a population.

8. Summarise how a change of only one nucleotide in DNA can result in a different phenotype
and eventually cause evolution.

Applying
9. ldentify an example of variation within a species that:
a) increases an individual's chances of survival
b) decreases the species' chance of survival
c) does not affect the species' chance of survival.
10. Explain how mass extinctions can stimulate new biodiversity among species.

Analysing
11. Distinguish between species diversity and genetic diversity.
12. Distinguish between extinct species and endangered species.

Evaluating

13. Discuss why genetic biodiversity is important for the survival of a species.

14. In Earth's past, some species have been wiped out after an environmental change.
Decide if this suggests the species had low or high genetic biodiversity and give reasons
why this would occur.
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@ Natural and artificial selection

Learning goals

At the end of this section, | will be able to: Li

1. Recall the steps in the process of natural selection. WORKSHEET
. - Natural

2. Outline the factors that lead to speciation. soloction

3. Describe some examples of artificial selection.

In section 3.1, you read that there are five drivers of evolution: mutation, gene flow, genetic drift,
natural selection and sexual reproduction. In this section, natural selection will be considered in
more detail.

In 1831, at the age of 22, the naturalist Charles Darwin set out on a five-year voyage around the
world to study and collect animal, plant and rock specimens. He visited the remote Galapagos

Islands off the coast of Ecuador and recorded the plant and animal species of the islands.

Initially, Darwin took little interest in his collection of finches from the islands, but this changed
when the eminent ornithologist John Gould classified them as 12 new species. Gould had noticed
that they showed great variation in their beaks. It was his observations that helped Darwin develop

his theory of evolution.

Darwin speculated that although the different islands had similar animals and plants, many species
seemed to have specialised features that were particularly suited to their local environments. For
example, the different finch species had beaks suited to eating the food source that was available in

the habitat they occupied on their island. Darwin explained how species change over time, using the

theory we know today as 'natural selection'.

Figure 3.27 The Galédpagos Islands, 1000 km off the coast of Figure 3.28 John Gould published the first comprehensive survey of
Ecuador, are home to many plant and animal species found birds in Australia. He was accompanied by his wife, Elizabeth Gould,
nowhere else in the world. Many of these species observed by who was a talented ornithologist and illustrator in her own right. This
Charles Darwin inspired his theory of evolution. image was taken from his book The Birds of Australia, which was

published from 1840 to 1848 in seven volumes.
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The process of natural selection

Natural selection occurs when an environmental factor acts on the phenotype. That is, some
individuals in the population are different from others and those differences provide an advantage
or disadvantage for survival and reproduction. The following steps outline the process of evolution
through natural selection:
1. Variation
Genetic variation naturally exists in the population due to processes such as sexual reproduction,
genetic drift, mutation and gene flow.
2. Differential survival
Genetic variation means that some individuals within the population have traits better suited to their
environment and are more likely to survive. These individuals are said to have been selected for.
3. Heritability
Individuals with favourable traits are more likely to survive to reproductive age and reproduce
more than others of their species, and thus pass on those advantageous traits to the next generation.
Those favourable traits are said to be 'selected for' by environmental (or selection) pressures.
4. Change over time
Over time, individuals with the favourable traits become more numerous in the population,

increasing the frequency of the advantageous allele.

An example is the case of the light and dark peppered moths (Biston betularia) in Britain. There are
two variations within the one species — one is light coloured, the other is dark coloured - and the
colour is genetically determined. Look at the moths in Figure 3.29 - the light-coloured variety of

the peppered moth initially had the favourable trait (selective advantage) as it blended well with the
lighter lichen-covered bark of the trees. This meant that a hungry bird (the selecting agent) would be
more likely to see the dark-coloured moths and eat them more often. Consequently, dark-coloured
moths were rare. Light-coloured moths were better adapted to survive and reproduce, so they were
able to pass on their genetic information to the next generation. This meant that the allele frequency
for light colouring increased over time and decreased for dark colouring.

However, during the Industrial Revolution, pollution darkened the bark of trees. This gave the
dark-coloured moths a selective advantage, as they were now better camouflaged against the trees
and not as easily spotted by predators. Now the roles were reversed: light-coloured moths were at a
disadvantage and their numbers fell. The darker moth was 'selected for' and so was able to survive,
reproduce and pass on its genetic information to the next generation. The proportion of dark
moths, along with the allele frequency for dark colouring, rose. Interestingly, cleaner air in recent
decades has seen the light-coloured moths favoured once again. This example also illustrates why
genetic variation enables species to survive and adapt to new circumstances.

Figure 3.29 There are two variations of peppered moth: light and dark coloured. Can you see both moths in
each image? The picture on the left shows the moths against a light tree bark. The picture on the right shows
the moths against a dark tree bark.
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Explore! 3.2

Challenging scientific racism

In the nineteenth and early twentieth centuries, there were harmful misconceptions about Aboriginal and Torres Strait
Islander Peoples that were considered 'scientific' at the time. These misconceptions included the idea that Aboriginal
and Torres Strait Islander Peoples were an inferior race, destined for extinction. These ideas are now known to be
false and have been unequivocally rejected by modem science. It is also important to note that these views were,

and still are, deeply racist, and were designed and used to justify oppressive policies, dispossession and violent acts
of genocide. Aboriginal and Torres Strait Islander Peoples are recognised as the custodians of the world's oldest
continuous cultures, with complex knowledge systems, sophisticated social structures, and enduring resilience despite
centuries of colonisation and systemic harm.

Use you preferred search engine to research how misconceptions in the nineteenth and early twentieth centuries were
used to justify racist and oppressive policies against Aboriginal and Torres Strait Islander Peoples. What were these
policies? What does this tell us about the relationship between science and society? Ensure you carefully evaluate
your sources to ensure they are free from bias and racism. Ask your teacher for further guidance on evaluating sources
about Aboriginal and Torres Strait Islander Peoples.

Quick check 3.4

1. Recall where Charles Darwin collected his finch specimens.

2. Create a flow chart of the four steps involved in the process of evolution by natural selection.
Then annotate your flow chart to show how each step relates to the peppered moth example.

Selection pressures

Those organisms best suited to the pressures of their environment are more likely than others to
VIDEO
Selection
pressures

survive, reproduce and pass on their genetic information to the next generation. We call these
pressures selection pressures because they determine which variations provide individuals with

better chance of survival. Selection pressures refer to the factors that exert an influence on the fitness

and reproductive success of individuals within a population. These pressures can be natural, such as
predation, competition for resources, or climate conditions, or they can be anthropogenic, including
human activities like habitat destruction or pollution. Selection pressures act as the driving forces
behind natural selection, shaping the survival and reproductive outcomes of individuals based on

their traits and adaptations.

Selective agents are specific factors or agents that directly cause the selection pressure. Selective
agents are often associated with specific traits or features of the environment that directly impact
an organism's survival or reproductive success. For example, a selective agent could be a particular
predator species that preys on individuals with certain characteristics, leading to the selection

for traits that enhance evasion or defence against that predator. Individuals that are unable to

camouflage well or hide from a predator, for example, would be selected against.

Selection pressures can increase or decrease the occurrence of a trait in a population. Selection
pressures are not static and may change with time or with changes in the environment.

Shaw et al.
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selection pressure
a factor that affects
the relative fitness
or reproductive
success of
individuals within

a population,
leading to natural
selection and
potential changes
in allele frequencies
over time

Figure 3.30 Variations of adult males of the
frog species Pristimantis leopardus may
experience different levels of reproductive
success due to the selective pressures
exerted by predation, competition for
mates, and environmental conditions,
thereby driving natural selection.
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Density-dependent factors Density-independent factors
Predators Natural disasters
Resource availability (e.g. water, shelter, Abiotic factors (e.g. CO, concentration,
nutrients) temperature)

Disease

Waste accumulation

Table 3.2 Selection pressures can be either density-independent or density-dependent. Density-independent
pressures are typically abiotic factors (such as natural disasters or climate events that affect populations
regardless of their size). Density-dependent pressures are often biotic factors (such as predation or
competition for resources), which vary in impact depending on the population's size or density.

Explore! 3.3

Selecting for sickle cell anaemia

Sickle cell anaemia is a genetic disorder in humans caused by a mutation in the haemoglobin
gene, leading to abnormally shaped red blood cells that can block blood flow to parts of the body
and cause severe complications such as pain, anaemia, swelling in the hands and feet, increased
susceptibility to bacterial infections and stroke. However, this mutation provides a selective
advantage in regions with high malaria prevalence, such as sub-Saharan Africa, Latin America

and the Caribbean. The incidence of sickle cell trait ranges from 20% to 30% in areas such as the
Democratic Republic of the Congo, Ghana, and Nigeria. In some parts of Uganda, the prevalence
has been reported to be as high as 45%. Individuals with one sickle cell allele (heterozygotes)
produce both normal and sickle-shaped red blood cells. These people are generally unaffected
by the disease and live symptom-free but can pass the trait on to offspring. Carrying the sickle cell
allele increases resistance to malaria and survival rates in heterozygous individuals.

. . w Tw 9
Research the following questions. b‘ o € b q 7 s
1. How do humans become infected with malaria? @ © () C :

2. How does the sickle cell trait confer resistance P @

. 0 20 ¢ @
to malaria? .° ® Q¢ Q .0‘

3. What is the correlation between the P Y ) ( ™ /
distribution of the mutated gene and the u .. Q@ ( f /
distribution of malaria in sub-Saharan Africa? Y ) ® .' Q{ /‘

4. Why is the sickle cell trait considered harmful - . ‘
in non-malarial zones but beneficial in a Figure 3.31 (a) Red blood cells from a healthy

individual. (b) Blood cells from an individual with
sickle cell anaemia.

Try this 3.2
' -~

Drug-resistant bacteria and traditional medicines
Antibiotics are medicines used to prevent and treat bacterial

malarial zone?

infections. However, some bacteria have mutations that make
them resistant to the effects of the drugs. The World Health
Organization has identified antibiotic resistance as one of the
greatest threats to human health today, potentially causing up to
10 million deaths per year by 2050 if not overcome.

Some researchers are studying traditional bush medicines that ] o
Figure 3.32 Eremophila longifolia

is one of many species of plants
for generations as alternatives to pharmaceutical antibiotics. commonly known as ‘emu bush'.

have been used by Aboriginal and Torres Strait Islander Peoples
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Plants such as tea tree (Melaleuca alternifolia) and emu bush (Eremophila species) have been
found to be as effective as some established antibiotics and may provide a solution for the current
resistance crisis.

Consider the following diagram carefully and then answer the questions that follow.

Resistant
bacteria

Population of mainly Subsequent generations of
susceptible bacteria the population of now mainly
resistant bacteria

What variation between bacteria can you see in the original population?
Which variation is selected for (the fittest)? Which is selected against?
Which variation will contribute less to the next generation?

Wb~

Which variation will survive in greater numbers to reproduce and pass on its genetic
information to the next generation?
5. Identify the selecting agent.

Explore! 3.4

Bush medicines

Traditional medicines used by Aboriginal and Torres Strait Islander Peoples represent
sophisticated knowledge systems developed over tens of thousands of years. These medicines,
derived from careful observation, experimentation, and an intimate connection to the land,
have been passed down through generations and remain a vital part of many communities'
healthcare practices.

Today, researchers are working alongside Aboriginal and Torres Strait Islander communities to
better understand the medicinal properties of these plants and develop pharmaceuticals based on
traditional knowledge. It is essential to recognise and respect the leadership role of Aboriginal and
Torres Strait Islander Peoples in these processes. Historically, their knowledge has been exploited,
with little acknowledgment or benefit returned to the communities. Contemporary practices
increasingly strive for ethical partnerships, ensuring that Traditional Owners are equal collaborators
in research and benefit equally from any developments. For example, a dual patent was granted to
Griffith University and the Jarlmadangah Burru Aboriginal Corporation for pain-relieving compounds
derived from the marjala plant. This collaboration began after John Watson, a Jarlmadangah

Burru Elder, used the bark of the marjala plant to effectively relieve pain. His empirical ancestral
knowledge, combined with scientific inquiry, led to significant discoveries and reinforced the value
of respecting and collaborating with Traditional Owners. Respecting the origins and custodians

of this knowledge is critical to fostering ethical and inclusive practices in medicine and science

in Australia.
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Conduct some research into at least one of the plants used in the Aboriginal and Torres Strait
Islander pharmacopoeia and shown in Figure 3.33 to find out:

* what ailment it treats

e which part (or parts) of the plant is used

* how itis processed

if there is ongoing research into its potential applications in modern medicine.

Figure 3.33 (a) Tea tree (Melaleuca alternifolia), (b) corkwood tree (Duboisia myoporoides),
(c) kangaroo apple (Solanum laciniatum), (d) Moreton Bay chestnut (Castanospermum australe),
(e) pale flax-lily (Dianella longifolia) and (f) crimson turkey-bush (Eremophila latrobei)

Practical 3.2

Modelling natural selection

Aim

To model a beetle population to simulate natural selection and some of its consequences
Prior understanding

Let us make the following assumptions about a beetle population:

* The original population of 30 beetles consists of 10 red, 10 yellow and 10 green.

® Each year the beetles mate once at random, and each pair produces one offspring (30 beetles produce 15

offspring, increasing the total population to 45 beetles).
® The colour of the offspring is determined by these rules:

Table showing the proportions of different coloured beetles over two generations

Parent colour
Offspring colour
Parent 1 Parent 2

Red Red All red
Yellow Yellow All yellow

Red Yellow All green
Green Yellow Y2 green : Y2 yellow
Green Red Y2 green : V2 red
Green Green Yared: V2 green : Y4 yellow

continued ...
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e After the beetles have produced their offspring, a predator kills a third of the total population (15 beetles)
each year. Therefore, the population of beetles retumns to 30 at the beginning of each breeding season.

* On average, the colour ratio of beetles lost to predation is: 3 red : 2 green : 1 yellow (this ratio is reflected in
the coloured sides of the die).

e Other than the deaths caused by the predator mentioned, there will be no further deaths or migration.

Materials
e small circular coloured stickers (three red, two green, one yellow) that are added to the sides of a die
e 60 coloured cards (20 red, 20 green and 20 yellow)

Method

1. Copy the results table into your science book.

To create your original population of 30 beetles, take 10 red, 10 yellow and 10 green cards.
Shuffle these 30 cards to model the process of random mating and deal them out into 15 pairs.
Using the rules from the table, determine the colour of the offspring for each of the 15 pairs.

ukwDbN

Take a beetle card that represents the colour produced for each of the 15 offspring and add them to the

population, creating an overall population size of 45.

6. Due to predation, 15 beetles will die and be removed each year. This will be modelled by rolling the coloured
die on 15 different occasions and removing the corresponding beetle colour from the population each time. If
the die lands on a particular colour of beetle that has disappeared altogether from the population, roll it again.

7. After one year of mating and predation, complete column for year 1 in the results table, showing the total number
of red, green and yellow beetles that remain in the population of 30.

8. Repeat the process of mating and predation by repeating steps 3-7 for as many trials as possible (up to a

maximum of 10 trials, modelling 10 years).

Results
Record the total number of red, yellow and green beetles at the end of each year in the results table.

Table showing occurrence of different coloured beetles in the modelled population each year

Number of beetles after year
Colour of beetle 1 2 3 4 5 6 7 8 9 10
Red
Green
Yellow
Total 30 30 30 30 30 30 30 30 30 30

Discussion: Analysis
1. Within the population of beetles you created, identify the phenotypic trait that was observed, and
its variations.
2. Explain the crucial role that variation plays in natural selection.
3. Based on your observations, did any beetle colour give a greater chance of survival than other colours in the
population? Explain your answer using the data from your results table.
4. Describe how the process of natural selection relates to genetics.
5. Was there any evidence of natural selection taking place in your population of beetles? Refer to your results in
your answer.
6. Did your results show any coloured beetle becoming extinct in your population over the generations?
7. a) Think of another possible ratio of a beetle predation according to colour that differs from the 3 red :
2 green : 1 yellow used in this experiment.
b) Using the predation ratio of beetles you provided in part a, write a hypothesis for this experiment.

continued ...
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8. Another group of students obtained a beetle population of 10 red : 10 green : 10 yellow after completing the
same experiment and modelling the same mating and predation rules for 10 trials. What possible explanation
could be given for these results?

Discussion: Evaluation

1. Compare the results between different student groups.

2. Can reliable conclusions and predictions be drawn from the results? Justify your response.

3. Can you identify possible limitations of this method when applied to a real-life scenario? Justify your response.

4. Suggest any changes that could be made to the method to improve the quality of the data in future
experiments. Justify your suggestions by explaining how each change will improve the data quality.

Conclusion

1. Make a claim about how natural selection affected the allele frequency in your beetle population.
2. Support your statement using the data you gathered, and include potential sources of error.
3. Explain how the data support your statement.

speciation

the process by
which populations
evolve to become
distinct species

species

a group of organisms
consisting of similar
individuals that can
breed with one
another

fertile
able to reproduce

viable
able to survive
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Quick check 3.5

1. Variation is essential for the process of natural selection to occur.
Explain what 'variation' means, including where it comes from in a population.
2. Define the term 'selection pressure' and describe how it contributes to natural selection.

Speciation

Sometimes, natural selection can lead to a new species forming, which is called speciation. For this

to occur, there needs to be one extra step in the process of natural selection: isolation.

A species is often described as a group of organisms that are phenotypically and genetically similar
and are capable of breeding with each other to produce fertile and viable offspring. However, there
are at least 26 recognised ways to define a species!

For example, the offspring of a male and female horse will be a horse that is able to mate and
produce offspring with another horse. However, the offspring of a female horse and a male donkey
is a mule. A mule is infertile, which means it is unable to produce offspring. This is evidence that

horses and donkeys are two different species: they cannot produce fertile offspring.

Hybrids are usually sterile because they either have an extra chromosome that prevents the usual
meiosis process, or the chromosomes are incompatible, which means that viable gametes are not
produced. However, this is not always the case. A few female hybrids have successfully bred with

individuals in the original parent population.

Geographical isolation

An essential feature in speciation is isolation of populations from one another to prevent gene

flow. Isolation is not required for natural selection but is necessary for speciation. Isolation may be
caused by a geographical or physical barrier (for example, a large river, a desert or mountain range)
or even a natural disaster like a fire, flood or volcanic eruption. The consequence is that the original
population is divided into two populations, not necessarily the same size. The two populations are

reproductively isolated from one another. That is, there is no gene flow between them.
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Figure 3.34 Examples of interspecific hybrids: (a) mule, (b) wolphin, (c) liger, (d) zonkey

Selection

The isolated populations may now be exposed to different selection pressures; for example, one
environment may be cooler than the other. Those organisms best suited to their environment will
survive to reproductive age, reproduce and pass on their genetic information to the next generation.
This will increase the frequency of the trait in the population. On the cold side of the mountain,
individuals with thicker fur will be selected for, while on the sunny side of the mountain, those with

a thinner coat will be selected for.

h— \h e L
e— :

>
)

Single population Geographic barrier Different selection pressures Populations come together
of a species separates species into on the two populations, but can no longer interbreed.
two populations. favouring different They are two different species.
phenotypes

Figure 3.35 Natural selection can cause speciation.

Reproductive isolation

Over time, the accumulation of random mutations and the different selection pressures on the reproductive
isolation
two populations will change the genetic composition of the two populations in different ways. when members
. . e e . of two related
Eventually, enough differences may accumulate between the two populations that individuals Bopulstionsicanine

. . . . . | breed
cannot breed with one another to produce fertile and viable offspring. The two populations are now engerbree

reproductively isolated and are two separate species.

Science as a human endeavour 3.1

Rock wallabies

Did you know there are 16 species of rock-
wallaby? Since they are different species,
they cannot reproduce to create viable and
fertile offspring. However, scientists recently
found that gene flow somehow occurs
between them, meaning that despite being
different species with different numbers

of chromosomes, they can interbreed.

Scientists now know that their evolution is a

lot more complex than previously thought, Figure 3.36 The brush-tailed rock-wallaby (Petrogale
and the way that new species form may penicillata) is the only species of rock-wallaby that

need to be further investigated. oceurs in Victoria.
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VIDEO
Artificial
selection

artificial selection
intentional
breeding of
organisms

with particular
characteristics to
produce offspring
with more desirable
traits

selective breeding
another term for
artificial selection

ISBN 978-1-009-60347-8

Chapter 3 EVOLUTION

Quick check 3.6

1. Define the term 'species’.
2.

what must also occur and its role in speciation.
3.

Speciation can occur as a consequence of natural selection with one additional step. Recall

Describe how you could determine if two populations are the same species.

Try this 3.3

Speciation story time

With a classmate, take turns telling stories of speciation. You may like to use the images below as

inspiration. To tell a story of speciation, use all the scientific terms you have learned that relate to

natural selection and speciation. Begin by talking about the possible variation that naturally exists

in your organism's population, then a possible geographical barrier that could divide and isolate

the population, finishing up with the process of selection and how this leads to the creation of a

new species.

Figure 3.37 These Australian animals are perfectly suited to their environment and so can survive, reproduce
and pass on their genetic information to the next generation.

Artificial selection

Artificial selection is selection that does not
happen naturally but is directed by humans. In
other words, humans choose the characteristics
they want passed on to the next generation and
breed organisms with those traits. Thus, humans,
not the environment, select who reproduces. For
example, a farmer wants her cows to produce
lots of milk, so she selectively breeds the best
milk-producing cows and prevents the poorer
producers from mating. Artificial selection is also
called selective breeding, and humans have been
using these techniques for thousands of years.

Can you think of any other examples?

Artificial selection is certainly beneficial for

humans, but this manipulation typically reduces

Figure 3.38 Since 1900, 76% of genetic diversity

in agricultural crops has been lost, but there is
renewed interest in heirloom or heritage crops.
Heritage apples are those that were grown before
World War II. Some still remain, but many have
been lost after commercial orchards that grow mass-
produced apples such as pink lady, Granny Smith
and gala became more popular. New varieties of
apples are constantly being developed to bring
novelty to the apple industry. One example is the
yello, a cross between a golden delicious apple and
a heritage apple from Japan called senshu.

biodiversity and alters the course of evolution. The outcome is often a population that is genetically

very similar and has low variation. For example, there is a worldwide decline in agricultural
crop diversity. A 2021 WWFE report found that 75% of the food that humans eat comes from just
twelve plant sources and five animal sources. Of the plants, just three crops make up 60% of the

plant-derived calories in the human diet.
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These crops are artificially selected for their production values, but what are the chances of the
crop population surviving if it is exposed to a change in environment or a new disease? Reduced
variation in the population may mean the crop is more susceptible to threats like these.

Human reproductive technologies

To assist human reproduction today, we use many reproductive technologies that involve
artificially selecting the genetic information that is passed to the next generation. In this way,
humans are affecting their own genetic diversity and consequently affecting our own evolution.

For example, in vitro fertilisation (IVF) involves selecting viable sperm and combining them with
eggs in a Petri dish. After fertilisation, the healthiest embryo is selected for development and the

remainder are frozen.

Medical technology lets us genetically test embryos prior to their implantation and also genetically
screen babies. Decisions made on the basis of information gained by using these technologies can
change the genetic composition of the human population in the next generation. Evolution takes an
extremely long time, so the results of our actions will not be seen for thousands of years.

Figure 3.39 Artificial selection in action: Each of these organisms was selectively
bred for particular characteristics.

Did you know? 3.3

Broccoli and kale are the same

Did you know that broccoli, kale, cabbage, Brussels sprouts, cauliflower and gai lan are just
some of the variations of the plant species Brassica oleracea? Each variation is called a 'cultivar',
which is a plant variety produced by selective breeding.

Figure 3.40 Some of the many varieties of Brassica oleracea

ISBN 978-1-009-60347-8 Shaw et al. © Cambridge University Press & Assessment 2025
Photocopying is restricted under law and this material must not be transferred to another party.



148

Chapter 3 EVOLUTION

Explore! 3.5

Dog breeds
All domestic dogs belong to one species, Canis familiaris, so how can they appear so different? Go
online to research the following topics.

1. Choose one dog breed and identify its
unique characteristics.

2. Critique some of the ethical considerations
involved in breeding a dog for a particular
characteristic that may be detrimental for
its health. For example, the cocker spaniel's
long floppy ears make it particularly

susceptible to ear infections. The pug's
wrinkled face is susceptible to infections Figure 3.41 Despite their differences, domestic
resulting from dead skin cells and moisture dogs are all the same species!

being trapped in the folds of skin.

Making thinking visible 3.4

Compass points: Designer babies
Designer babies are those whose genetic make-up has been intentionally modified or selected to

possess specific traits. The development of technology such as IVF and pre-implantation genetic
screening has made this possible. This is useful for couples when one or both parents carry a
heritable disease. The embryos can be screened for the genetic disorder prior to implantation,

and only healthy embryos are implanted. DNA manipulation technology has advanced to the point
where it is possible to directly edit the genome of an embryo before implantation, although this is
illegal in many countries.

Complete the Compass Points

activity about the creation of

designer babies:

1. E = Enthusiastic
What generates enthusiasm
within you regarding this
concept? What are the potential
benefits?

2. W = Worries
What causes concern about
this technology? What are the
potential drawbacks?

3. N = Need for information
What other details or facts are necessary to evaluate this technology?
What additional knowledge would aid in assessment?

4. S = Suggestion for progress
What is your current viewpoint or proposal regarding this technology?
How can you continue to assess this concept?

The Compass points thinking routine was developed by Project Zero, a research centre at the Harvard Graduate
School of Education.

ISBN 978-1-009-60347-8 Shaw et al. © Cambridge University Press & Assessment 2025
Photocopying is restricted under law and this material must not be transferred to another party.



Section 3.2 NATURAL AND ARTIFICIAL SELECTION

Gene technologies

Desirable traits can also be W

acquired using gene technology, 5;1 ) 9 @5

rather than relying on selective \

breeding. Gene technology lets us Egg production stimulation  Egg retrieval Sperm separation
transfer genes from one individual /
or species to another. Gene @ o
therapy allows faulty genes found >

in an organism to be replaced by )

the normally functioning gene. @ 9 @ u -9 @ .
Genetically modified organisms a

(GMOs) are produced when an Co-incubation Embryo transfer Pregnancy

ism has its DNA al
organism has its DNA altered or Figure 3.42 The process of IVF artificially selects the eggs, sperm and

modified using genetic engineering. embryos that have the best chance of survival.
Consider how gene therapy could change the biodiversity
of the human population. Would there be more or less
variation? And what would this mean for the process of
evolution? What about GMOs? Genetically engineered
cotton crops (Bacillus thuringiensis cotton, or 'Bt cotton'
for short) were created to produce an insecticide to combat
bollworm. GM cotton was first grown in Australia in 1996,

and now over 99.5% of cotton grown in the country is
genetically modified. What effects could GMOs have on

Figure 3.43 Worldwide, bollworms cause millions of dollars
biodiversity and evolution? What ethical considerations worth of damage a year to crops such as cotton and

would need to be raised? vegetables.

Explore! 3.6

What will humans look like in 10000 years?

Some scientists have argued that civilisation has ended natural selection in humans. To a large
degree, the selection pressures of the past (such as predation) no longer affect us in the same way.
Humans modify their surroundings to survive in a wide range of environmental conditions, and
vaccines and antibiotics help us to address disease.

However, there have been evolutionary changes since the earliest civilisations. As diets changed to
include grains and dairy, genes that coded for enzymes to digest starch and lactose were selected
for. People now live in densely populated regions, which could allow the rapid spread of disease
but also have mutations that code for disease resistance.

Today, evolution has become less about survival and more about reproduction. Some scientists
have suggested that this greater focus on reproductive success might increase selection for
attractiveness. And humans might also become more uniform in appearance as travel leads to
mixing of populations and easy access to worldwide media may create a set standard of beauty.

Scientists have suggested that the following changes may take place in humans over the next
10000 years. Complete some research and discuss why future humans may have:

* longer lifespans e smaller jaws
e taller stature e fewer wisdom teeth
e lighter, less-dense skeletons e smaller brains
e reduced muscle, especially in the upper body ® less aggressive behaviour.
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Quick check 3.7

Define the term 'artificial selection' and provide an example.
Contrast natural selection and artificial selection.
Discuss whether artificial selection increases or decreases variation and therefore biodiversity.

Ll

Explain how reproductive technologies can affect human biodiversity.

E . Section 3.2 review
Go online to

access the .
interactive Online e Section = Teachers can ®..
section review quiz questions (O assign tasks
and more! and track results
Section 3.2 questions
Remembering
1. Recall the key processes involved in natural selection.
2. Identify geographical barriers that could divide a bird population, an eel population and a
mammal population.
3. State the different sources of variation in an individual and in a population.
4. ldentify three examples of abiotic selection pressures and three examples of biotic selection
pressures.
5. Name some different ways that technology can affect the biodiversity of the human population.
Understanding
6. Describe what is meant by the term 'selective advantage'.
7. Summarise the three processes in speciation.
8. Explain why variation is necessary for natural selection to occur.
9. Explain why isolation is necessary for speciation to occur.
Applying
10. Tomato breeders have created the sweetest and juiciest tomato ever. Reflect on how they
would have done this, given that they started with a not-so-sweet and not-so-juicy crop of
tomatoes.
Analysing
11. The Galdpagos finches share similar
features but are recognised as distinct
species. Propose a test that could be used
to identify if two similar kinds of finch are
different species or subspecies of the one
species.
12. Distinguish between artificial and natural
selection, providing examples for each.
Evaluating
13. Determine how speciation, biodiversity
and evolution are linked. Figure 3.44 The small ground finch (Geospiza
14. Decide if humans are evolving by natural fuliglinosa), one of many finch species isolated to the
. Galapagos Islands.
selection.
15. Predict what will happen if a particular species has low genetic variation and there are changes
in the environment in which they live.
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@ Evidence for evolution

Learning goals

At the end of this section, | will be able to:

1. Describe the evidence for evolution.

2. Describe how a fossil forms.

3. Explain how radiometric dating of fossils relies on nuclear decay processes.

Evolutionary theory is supported by a multitude of evidence and findings from observations and
experiments, including the sources in Table 3.3.

Field of science Evidence

Palaeontology The study of fossils, including their identification and interpretation,
enabling the identification and interpretation of ancient organisms,
which contributes to our understanding of past life forms and
evolutionary history

Comparative anatomy  The study of the structure of specific organs and limbs of different
organisms, providing insights into their functional adaptations and
evolutionary relationships

Embryology The study of the development of the embryo in different organisms,
providing information about shared developmental processes and
evolutionary patterns

Molecular phylogeny  The ability to sequence DNA to indicate the degree of relatedness
between organisms, aiding in the construction of evolutionary trees and
understanding evolutionary relationships

Biochemistry Similarities and differences in the biochemical make-up of organisms
that can help distinguish differences and similarities

Biogeography The study of the geographic distribution of organisms, which can
help ascertain the origins, dispersal and adaptation of species in
different regions

Table 3.3 Sources of scientific evidence for the theory of evolution

Palaeontology

The term fossil refers to any parts of, or impressions made by, a plant or animal that is preserved
following death. Normally, an organism decomposes after it dies, and after a time, no trace

of it remains. On rare occasions, evidence of the organism is preserved in the form of a fossil.
Fossils may be the hard parts of an organism, like its bones and teeth (called direct evidence), or
evidence of an organism's presence, like footprints, burrows and faeces (called indirect evidence
or trace fossils). The process of forming a fossil is called fossilisation. However, because certain
conditions are required in order for fossilisation to take place, fossilisation is rare. In addition,
organisms with hard parts are more likely to form fossils, leading to gaps in our fossil record. Also,

we cannot dig everywhere looking for fossils, so many go undiscovered.

WORKSHEET
Evidence for
evolution

fossil

the shape or
impression of a
bone, shell or once-
living organism that
has been preserved
for a very long
period of time

direct evidence
evidence

that supports

an assertion
without intervening
inferences

indirect evidence
evidence that
requires inferences
to be made

trace fossil

a trace of an animal,
such as a footprint
or imprint, that has
become fossilised

fossilisation
the process of
forming a fossil

VIDEO
Palaeontology
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Fossilisation

Fossils are formed in many ways, but they are most likely to be found in sedimentary rock. When
an organism dies, soft tissues normally decompose, leaving only the hard parts behind. The remains
are buried under sediment, volcanic ash or lava. Over a period of time, minerals can fill up empty
spaces or replace material, eventually changing to rock.

Figure 3.45 Many opalised fossils have been found on the opal fields of Coober Pedy, South Australia. This
phenomenon occurs when opal, instead of the usual minerals found in groundwater, replaces the skeletal
material. The photos show a drawing of an extinct, squid-like belemnite (a), a belemnite fossil found in shale
(b) and an opalised belemnite found in Coober Pedy (c).

Other ways in which fossils can be formed are presented in Table 3.4.

Method of fossil formation Description

Impression The organism's remains are broken down, but an empty space is
left in the shape of the organism. If it remains empty, it is a mould.
If it fills with minerals, then it is a cast. Alternatively, it can fill with
lava forming a rock in the shape of the mould.

Figure 3.46 An impression fossil of a pterosaur

Amber Organisms become trapped in tree resin that then hardens.

Figure 3.47 A 100-million-year-old spider attacking its prey

Table 3.4 Methods of fossilisation continued ...
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Method of fossil formation Description

Trace fossils Trace fossils, such as footprints, burrows or faeces, give some
insight into an organism's behaviour, how it lived and how it
interacted with the environment.

Figure 3.48 Lark Quarry Conservation Park in Queensland is the only
known site of a dinosaur stampede, providing the most concentrated set
of dinosaur footprints in the world. Over 3000 footprints can be seen in
an area approximately the size of a tennis court. Trace fossils can provide
important information relating to the size and walking or running posture
of an extinct species.

Soft tissue It is extremely rare for soft tissues to survive the pressure, heat
and chemical changes needed for fossilisation to occur. But
nowadays, scientists are increasingly reporting finding fossilised
skin and even brain material preserved along with bones.

Figure 3.49 In 2018, researchers found what they believe are fossilised
lungs preserved inside a 120-million-year-old bird. Scientists have
previously found four fossils of this ancient bird, Archaeorhynchus
spathula, but never with plumage or suspected lungs.

Table 3.4 (continued)

Fossilisation requires the following conditions:

o Burial is rapid.
Organisms must be buried quickly in oxygen-poor sediments. Usually this happens when
organisms die in seas, lakes, floods or mud slides. Organisms can also be preserved in ice or

amber or buried under ash from volcanic eruptions (lava will usually incinerate any remains).

o Decomposition is prevented.
Bacteria, which normally cause the decay of organisms, must be reduced or absent. For example,
many bacteria that cause decomposition will die in the absence of oxygen or water, or in
conditions of high acidity or extreme cold. Soft tissue and organs break down chemically, so

they do not usually get fossilised even in the absence of bacteria.

+ Remains lie undisturbed.
Predators and scavengers must not dig up the remains.
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Explore! 3.7

Fossil sites

Research some well-known fossil sites in Australia. Choose one and record the following
information:

e Jlocation

e types of fossils found

e age of fossil site.

Figure 3.50 More than 15000 bones, teeth and fossils of dinosaurs have been found at the Dinosaur Dreaming
site in Inverloch, Victoria. Dinosaur Dreaming is a project between Museums Victoria, Monash University

and Swinburne University of Technology, in which volunteers search for traces of dinosaurs that date back

125 million years.

Quick check 3.8

State two sources of evidence for evolution.

Recall some of the information you can find out from fossils that helps explain evolution.
Explain why it is rare to find fossils.
Summarise the conditions required for fossilisation.

apwbd=

Describe what is meant by a 'trace' fossil.

Living fossils

Charles Darwin coined the phrase 'living
fossils' and, despite not being a scientific
term, it has remained in use. It describes
modern species of plants and animals that
are almost identical to species that lived
in ancient geological ages. This means

they have survived mass extinctions, ice

ages and comets hitting Earth! Examples Figure 3.51 Fossils of the pig-nosed turtle

include the Wollemi pine, the pig-nosed (Carettochelys insculpta) can be found all over the
world and date back 33.9-56 million years, but the
only remaining species alive today is found in remote
rivers of the Northern Territory and New Guinea.

turtle, mountain shrimp and the Australian
ghost shark.
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Dating fossils: Relative dating

Until last century, relative dating was the only method available for dating fossils. As the term
suggests, relative dating techniques only work out how the age of a fossil compares to the ages
of other fossils. For example, it can tell you that fossil X is older than fossil Y, but it cannot tell
you the actual numerical age of the fossil. Relative dating is used to order the layers of rocks and
geological events into a time sequence. The study of the order of the layers of rock (strata) is
called stratigraphy.

Try this 3.4

Stratigraphy

Where the sediments in which fossils are

found have not been disturbed by later
events, they nearly always show an age

sequence, with the oldest fossils deepest g2 Z

under the ground and the youngest at the >

top. Often these fossil sequences let us

see the change in a species over time. This G
highlights how the fossil record is valuable

for collecting evidence of evolution. For

example, fossils have provided evidence H | A

for the evolution of modern horses from

the ancient four-toed mammal, and the &

Locality 2

discovery of Tiktaalik gave us evidence for D * * *
Locality 1
Figure 3.52 Relative dating: the different strata and their
relative positions at locations 1 and 2 help us date the

fossils in each layer relative to other fossils.

the link between aquatic and terrestrial
vertebrates. The fossil record also tells us
more about organisms that are now extinct
and what Earth was like when particular
species existed.

The diagrams in Figure 3.52 represent the strata (rock layers) found at two different locations

(1 and 2). Each layer has a letter associated with it, and you can see the different fossils found in
each layer. Knowing that the youngest layers are on the top and the oldest down below, work out
the relative age of all the layers in both locations from oldest to youngest. Then list the clues you
used to work this out.

For example, layer G is younger than layer B, but older than layer A.

Fossils are important for working out the relative ages of sedimentary rocks too. Similar fossils in
different rocks, even if a great distance apart, suggest the rocks are the same age. This matching
process is called correlation, and it has been important in constructing geological timescales.
Throughout the history of life, different organisms have appeared, flourished and become extinct.
Some of these organisms became fossilised in sedimentary rocks. The geological study of their

patterns of appearance and disappearance over time is called biostratigraphy.
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relative dating
determining the
order of past
events without the
specific age

stratigraphy

the branch of
geology studying
rock layers

biostratigraphy

a branch of
stratigraphy
focused on dating
rock layers using
the fossils found
in them
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index fossil

a fossil used as the
basis for dating the
stratum it occupied

absolute dating
determining the
actual age of a
material

radioisotope

a radioactive
isotope of a
chemical element
with an unstable
nucleus that emits
excess energy
(radiation)

half-life

the length of
time needed for
the radioactivity
of a radioactive
substance reduce
by half
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To help identify matching strata, and to compare strata in different locations, indicator or index
fossils can be used. An index fossil is a fossil of known age found in a particular type of sedimentary
rock layer. It can be used to indicate the age of any deposit in which it is found, at any locality.

For example, trilobites are good index fossils as they were very common at the time they existed
(between 488 and 225 million years ago), easy to recognise and well preserved because of their

hard exoskeleton. They also evolved rapidly, which means there were different species present at
different times. This means that if a fossil was found underneath a rock layer containing trilobites,
then it could be deduced that it is older than 225 million years.

Figure 3.53 Fossil of a trilobite (a) and ammonites (b)

Dating fossils: Absolute dating

Absolute dating gives a precise age (within certain error margins) for a fossil or, more commonly,
for the rock or soil in which a fossil is found. Absolute dating uses radiometric techniques, which
means looking at the level of radioactivity detected in rocks containing certain naturally occurring
radioactive isotopes (radioisotopes). These isotopes occur in living things and have a known rate
of radioactive decay. By measuring the amount of radioactive isotope left in a sample, we can work
out how long the organism has been dead. The time in which half of the sample of the radioactive
isotope (parent) has decayed to a more stable form (daughter) is known as its half-life and is
unique to each isotope. Knowing this helps us determine the best isotope to use to work out the
absolute age of a fossil. The longer the half-life of the isotope used, the older the fossil or rock that
can be dated.

Estimated age range of

Radioactive isotopes (parent to Half-life (years)

daughter) fossils they can date
Carbon-14 to nitrogen-14 5730 Up to 55000 years ago
Uranium-235 to lead-207 710000000 1 million to 1 billion years ago
Potassium-40 to argon-40 1300000000 500000 years and older

Table 3.5 Each radioactive isotope has a different half-life. The longer the half-life, the older the fossil or rock
that can be dated.
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Try this 3.5

Half-life of C-14

O

Radioactive decay curve for C-14

[ Carbon-14
[ Nitrogen-14

3
2 D
3
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Number of half-lives
Figure 3.54 The amount of C-14 in a sample is halved after each half-life (5730 years).

If the half-life of C-14 is 5730 years and a fossil sample started with 5 grams of C-14:
1. How much C-14 would remain after two half-lives?

2. How much N-14 would there be after one half-life?

3. How much time has passed after three half-lives?

4. If the ratio of C-14 to N-14 is 0.125 (%), how many half-lives have passed?

Transitional fossils

Transitional fossils are the missing links between a

living species and its ancestor, sharing traits that are
common to both. Examining transitional fossils allows
palaeontologists to piece together the evolutionary
pathways of groups of organisms. They provide tangible
evidence of the evolutionary transitions between
different species.

A famous example of a transitional fossil is
Archaeopteryx, the link between dinosaurs and modern
birds. Living during the Late Jurassic period, it had
feathered wings and a beak but retained dinosaur-

like traits. It had teeth, a long bony tail and a skeletal
structure similar to small dinosaurs.

Figure 3.55 Archaeopteryx has features
of both birds and dinosaurs.
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Try this 3.6

Modelling half-lives

Aim Be careful &
) ) Do not consume

To model radioactive decay food items.

Materials

e  M&Ms or counters with one side marked x 100

* graph paper

® plastic container with lid

e plastic tray

e gloves

Instructions

1. Copy the results table into your science book.

2. Predict the number of M&Ms that will 'decay' into daughter isotopes each time trial. Place all
100 M&Ms parent isotopes on your plastic tray with the 'm' side up.

3. Record your original number of parent isotopes in your results table for time 0.

Parent isotope — m-side
up, radioactive

Daughter isotope — m-side
down, stable

4. Place all the isotopes in the plastic container and shake for 10 seconds.

5. Pour your isotopes back onto the plastic tray.

6. With your gloves on, remove all the stable daughter isotopes (m-side down) from the tray and
set them aside.

7. Count the remaining M&Ms (parent isotopes), which will be a percentage of the original
number since that was 100, and record this in your results table for time 1.

8. Repeat steps 4-7 another eight times, ensuring that you only place parent isotopes back in the
container each time.

9. Collate the class results on the board and calculate means for each time.

10. Calculate the percentage of undecayed parent isotopes for each time period.

11. Draw a graph of the time (x-axis) versus percentage undecayed parent isotopes (y-axis) using
the class results.
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Time | Number of | Number of | Percentage undecayed parent isotopes: | Class mean
removed remaining number of remaining percentage
daughter parent parent isotopes undecayed
isotopes isotopes starting number of parent isotopes X100 .parent

isotopes
0
1
2
3
4
5
6
7
8
9

Discussion: Analysis
1. Calculate the half-life of your isotope using your graph to identify the time in which half of the
parent isotopes had decayed into daughter isotopes.

Discussion: Evaluation

1. Compare your results to the class averages you calculated. How do they differ and which do
you think is more accurate?

2. It was expected that, each time, there is a 50% chance of the M&Ms being m-side up;
therefore, time 1 should represent one half-life. Compare this prediction to your results and
the class results.

3. Can you identify possible limitations of this model? Justify your response.

Conclusion

1. Make a claim about radioactive decay and modelling this process.

2. Support your statement using the data you gathered, and include potential sources of error.
3. Explain how the data support your statement.

Quick check 3.9

Describe relative dating.

Define the terms 'stratigraphy' and 'index fossil'.
Describe absolute dating.

Ll A\

Name one isotope that could be used to accurately measure the absolute age of a fossil.
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analogous
structures
structures that have
a similar function

Science as a human endeavour 3.2

The latest fossil finds

In 2022, an international team
of palaeontologists identified
the world's oldest meal in a
550-million-year-old fossil.
Analysing the fossilised remains
of a slug-like Ediacarian called
Kimberella showed that it had a
mouth and a gut and ate algae
and bacteria from the ocean floor.
The organism was advanced for

the time period, as most other

species did not have a gut that Figure 3.56 New fossils are providing key insights into the
went through its entire body. evolution of life on Earth.

Comparative anatomy

Genetic variation can produce a huge diversity of forms among closely related organisms. But some
animals display physical likeness despite not being closely related at all. Think about a bird and a
bat, a dolphin and a shark, a sugar glider and a flying squirrel. The members of each pair, despite
not being closely related, share some obvious structural characteristics. For example, sugar gliders
and flying squirrels look alike, sharing similar characteristics such as size, big eyes and a white belly.
Their most striking similarity is that they both have thin, loose skin between their limbs that keeps
them stable when stretched while they glide.

However, sugar gliders (native to Australia) and flying squirrels (native to Asia, Central and
North America, and Europe) also have many differences. Sugar gliders are marsupials, so they

have a pouch to protect their young, whereas flying squirrels have larger babies and no pouch.

By studying their genes and other traits, biologists discovered that sugar gliders and flying squirrels
are not very closely related at all. So why do they share some common physical characteristics?

Figure 3.57 A sugar glider (a) and a flying squirrel (b) have many common characteristics, but they are not
closely related.

The characteristic 'wings', which are flaps of skin, are known as analogous structures. These are
structures that have a similar function but have evolved independently. The two organisms have
evolved from different ancestors but in similar environments, so the same selection pressures have

but evolved
separately caused the same feature to be selected for. The fins of sharks (fish), wings of penguins (birds) and
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flippers of dolphins (mammals) are other examples of analogous structures (Figure 3.58). The shape
of their fin, wing or flipper is adapted for swimming through water. The three types of animals
faced similar selection pressures in their aquatic environment, and evolved into a similar shape, but
they do not share a recent common ancestor.

Shark Penguin Dolphin
(fish) (bird) (mammal)

Fin Wing Flipper

Figure 3.58 The shark, penguin and dolphin have analogous structures — that is, structures with the same
function. These arose because they live in similar environments and face similar selection pressures.

Homologous structures are structures that organisms inherit from a common ancestor. Homo' homelogous
. . . truct
comes from the Greek word homos, meaning 'same'’; hence, they inherited the same general Similar physical
body plan from the same ancestor. We say these structures have a common evolutionary origin. el
organisms that have
Homologous structures have similar underlying anatomy but have evolved in different ways over evelivas firei @

common ancestor
time due to different selection pressures. An example of a homologous structure is the pentadactyl

limb, the five-digit limb typical of tetrapod (four-limbed) vertebrates (that is, amphibians, reptiles,
birds and mammals). The limbs of different species show basic similarities in the bones present and

how they are arranged, even though the limbs may serve different functions (Figure 3.59).

O

Humerus —

Radius

Ulna \h
Carpalw
Metacarpals O

Phalanges\//f” dij

Human Cat Whale Bat Bird Alligator

Figure 3.59 The limbs of different tetrapod vertebrates have a common structure and are called homologous,
despite having different functions, such as grasping, swimming or flying.

The different limbs are the same bones arranged for different uses. If homologous structures are
found in different organisms, it suggests they had a relatively recent common ancestor, which helps

to explain their evolutionary path.
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Quick check 3.10

1. Describe analogous structures, providing an appropriate example.
2. Describe homologous structures, providing an appropriate example.

Figure 3.60 The hair of (a) mammals, (b) feathers of birds and (c) scales of reptiles are structures that share a
common ancestry in reptilian scales; they have been inherited and modified over time. The fibres in each are
composed of keratin complexes.

Practical 3.3

Dissection of a chicken wing

. Be careful &
Aim Take care when using

To compare the structure of a chicken wing to the structure of a scissors and probes. Clean

human arm the benches and wash your hands
Materials before leaving the laboratory.

e fresh chicken wing ® probe

e dissecting board e disposable gloves

e dissecting scissors e human skeleton model

Method

Part 1: Examining the chicken wing

1. Hold the chicken wing at the shoulder and the tip and then stretch out the wing. Identify where the joints are
and in which direction they bend.

2. Use your fingers to feel the bones and muscle under the skin.

3. Using dissecting scissors, carefully remove the skin from the chicken wing, taking care not to cut the muscles,
ligaments and tendons.

4. I|dentify the muscles of the wing and see if you can work out how each one is attached to the bones of the wing.

5. Look for the tendon, which is white and tough and attaches the muscle to the bone.

6. Try squeezing the muscle in the wings and observe what happens to the bones. You may notice there are two
muscles that can flex or extend the wing.

7. Look at the surface of each bone where it forms a joint. It should appear white, shiny and slippery - this is
called cartilage. Can you find the cartilage at the joint between the humerus and the radius and ulna?

continued ...
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Human arm
Thumb
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Figure 3.61 The bones of a human arm and a chicken wing

Part 2: Examining your arm

8. Identify the humerus, ulna and radius in your arm. What other features of the chicken wing and your
arm are similar?

9. Bend your arm at the elbow and hold it tight. Notice that your biceps muscle shortens. Now, extend your arm
and feel your biceps lengthen.

10. Now, look at your hand and identify where the muscles are that move your fingers. You may need to press on
your wrist or forearm to figure this out.

11. With a partner, raise and lower a textbook by bending your arm at the elbow. Which muscles were acting as
you raised and lowered the textbook?

Results
Take a photo of the finished dissection of the chicken wing.

Discussion: Analysis

1. Compare the structure of a chicken wing with a human arm.

2. Define the term 'analogous structures' and explain what they can tell us about the evolution of a species.
3. Define the term 'homologous structures' and explain what they can tell us about the evolution of a species.
4. Would the chicken bones and human bones be considered homologous or analogous structures? Discuss.

Conclusion
1. Make a claim about the evolutionary relationship between chickens and humans.
2. Support your statement using the data you gathered, and include potential sources of error.

3. Explain how the data support your statement.
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evolutionary tree
a diagram used

to represent
evolutionary
relationships
between organisms
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Scientists can construct evolutionary trees using fossil evidence and radiometric dating to estimate
when different groups of species diverged from a common ancestor. Evolutionary trees can be
constructed when scientists have studied the anatomy of different species to determine which ones
have homologous structures. Only homologous traits are evidence of a shared ancestry. An example

of an evolutionary tree is shown in Figure 3.62.

A B C D E F G

Ancestral species
of Fand G

< Speciation

Common ancestor

Figure 3.62 An example evolutionary tree

For example, humans, chimpanzees and gorillas all have thumbs that are very similar anatomically
and are considered to be homologous (Figure 3.63). The giant panda also has a thumb, but it has
been found to be analogous to these primate thumbs - it serves the same function but is structurally
formed by different bones, so it evolved separately. This suggests that humans, chimpanzees and
gorillas are much more closely related to one another than any of them is related to giant pandas.

Giant panda Chimpanzee Gorilla

—a—— Origin of false
‘thumb’ in pandas
o "¢ Origin of opposable

( thumb in primates

Figure 3.63 An evolutionary tree showing how the homologous opposable
thumbs of humans, chimpanzees and gorillas mean that these species
have a recent common ancestor
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Comparative embryology

The embryos of vertebrate animals look very similar in
the early stages, which suggests that they inherited some
of the genetic information that contributes to embryo
development from a common ancestor. For example, a
very early stage human embryo has gill slits, a tail and a
simple heart, similar to that of a fish. At later stages, the
human embryo develops body proportions similar to the
embryos of reptiles and then apes.

Comparative embryology also finds evidence for
evolution in the circulatory system of fish and mammals.
Adult fish and mammals have quite different circulatory
systems. However, during embryonic development you
can clearly see that the circulatory systems are based

on the same pattern. This suggests that the genetic

information responsible for the development of the fish

and mammalian circulatory systems has been inherited Figure 3.64 Comparative embryology
drawings of embryos at three stages from

(left to right): a pig, cow, rabbit and human

Quick check 3.11

1. Describe an evolutionary tree.

from a common ancestor.

2. Explain how embryology provides evidence for evolution.

Molecular biology

Substances that are found in most or all living things are very useful in the investigation of
evolutionary relationships. For example, all living things contain DNA, so it is commonly used to
compare organisms. This is what the study of molecular biology is all about - investigating DNA,
its code and the proteins it codes for. Molecular biology lets evolutionary scientists:

o trace ancestors of species

+ estimate how long ago one species diverged into two

o discover how closely related two species are.

DNA analysis

Comparing DNA sequences between different species can provide an indication of their
relatedness. The more similar the DNA sequences between two organisms, the more closely related
they are. Usually, scientists would compare sequences of highly conserved genes, that is, genes that
can be found in almost all organisms and have remained similar over evolutionary time. The genes
coding for cytochrome ¢, a protein essential for cellular respiration, and haemoglobin, the protein

that carries oxygen around the body, are commonly used for comparison.
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DNA hybridisation
a technique that
measures genetic
similarity between
two organisms

DNA hybridisation is one technique used to compare the DNA sequences of two species to find
out how closely related they are. First, as shown in Figure 3.65, the DNA from each organism

is extracted and heated so it forms two single strands. When the single strands from the two
organisms are mixed together and allowed to cool, complementary nitrogenous bases will bind
together (hybridise). The degree to which the single strands form a stable double-stranded

DNA molecule is an indication of the relatedness of the species. For example, if there is a lot of
hybridisation, there must be a lot of complementary bases, which means the organisms are similar

and, therefore, have a recent common ancestor.

Species A

/ ” | ” Sequences dissimilar,
|’ [ ” [ |’ I species A and B
not closely related

Single strands of DNA
from species A and B
mixed together

DO oo™

Species B

Figure 3.65 The process of DNA hybridisation allows scientists to determine the relatedness of two organisms
by comparing their DNA.

Protein analysis

As we know, proteins are made up of building blocks called amino acids. Scientists can analyse the
differences in the amino acid sequences, knowing that this relates to how similar proteins are in
the different organisms. The number of different amino acid sequences in the proteins of different
species is an indicator of the number of mutations and hence the degree of separation of species.
In other words, a large difference in amino acid sequences between two organisms means they

had a distant common ancestor, while a small difference in amino acid sequences means they had
a recent common ancestor. This is because they have had less time for mutations to accumulate.
Table 3.6 shows the differences in the amino acid sequence for cytochrome c between humans and
other organisms. Notice how the monkey has the lowest number of differences, suggesting they are

more closely related to humans.

Note that it is also possible to predict amino acid sequences from the DNA code, and the latter also
tells you about the relationship between organisms.

Organism Number of differences in the amino acid sequence for
cytochrome c compared to humans
Horse 12
Chicken 13
Dog 11
Moth 31
Tuna 21
Monkey 1

Table 3.6 The differences in the amino acid sequence for cytochrome ¢ between humans and other organisms
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Molecular clocks

The molecular clock concept
says that mutations accumulate
in biomolecules at a roughly
constant rate because they
occur by chance. We can use
this mutation rate to deduce
the time when life forms
diverged. The biomolecular
data that are normally used
for calculations are DNA
nucleotide sequences,
including those found in
mitochondrial DNA (mtDNA).
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50 million years later:

GTTAGCTAGC
25 million years later:

GTTAACTAGC

Common ancestor:
GTTAAATAGC

25 million years later:
GTTAAATAGA
50 million years later:

GTTAAATAAA

Figure 3.66 In the same way that a clock tells the time, a molecular
clock allows scientists to determine how long ago two species
diverged.

Quick check 3.12

1. Describe DNA hybridisation and how it provides evidence for evolution.
2. Describe how the number of differences in the amino acid sequence for cytochrome ¢ can be
used to establish the relationship, in evolutionary terms, between organisms.

Biogeography
Biogeography is the study of the distribution of organisms, both today and in the past. Biogeography biogeography
provides us with additional evidence for evolution, such as when ancient fossils in one area resemble ;heeo‘g;iyhgaﬁhe

distribution of

modern organisms in that same area and have a similar pattern of distribution (for example, fossil | .
plants and animals

and modern platypuses are both found in Australia). The similarity of fossil and modern organisms

suggests that the modern organisms have descended from ancestors living in the same areas.

Remember that the continents were once joined in one big supercontinent, and ancestral organisms
were distributed across more than one continent. When the continents split up and drifted apart,
the separated populations evolved into different organisms due to reproductive isolation. However,
in some cases, the selection pressures in each new area were so similar that speciation created very
similar looking organisms. For example, the emu of Australia, the ostrich of Africa, the cassowary
of Papua New Guinea and northern Australia and the rhea of South America are all large, flightless
birds. Despite being found on different continents with oceans between them, one possible
explanation for their similarity is that they descended from a common ancestor that occurred on

the ancient Gondwana supercontinent.

Figure 3.67 While the (a) emu and (b) cassowary can be found in Australia, (c) rheas live in South America and
(d) ostriches in sub-Saharan Africa.
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VIDEO
Human
evolution

bipedal
walking upright on
two legs

Quick check 3.13

1. Define the term 'biogeography'.
2. Explain how biogeography provides evidence for evolution.

Evolution of humans: Bringing it all together

In order to understand human origins, we need to first look at what humans are. Humans are in the
animal kingdom, phylum Chordata, class Mammalia, order Primates, family Hominidae, genus Homo

and species Homo sapiens (see Figure 3.68).

The primates living today gradually evolved over 65 million years from ancestral primates that were
small tree-dwelling mammals. We did not evolve from apes and monkeys, but we share a common
ancestor with them. About six million years ago, the line that led to humans is thought to have

diverged from the chimpanzee line due to different habitats and different selection pressures.

This divergence led to the evolution of the earliest members of the human family, the
Australopithecines, which lived in Africa between about two and four million years ago. These early
hominids were bipedal and had a small brain and teeth and jaws adapted to a diet that included
tough plant materials. Over time, members of the human family continued to evolve and develop

new adaptations, such as a larger brain and the ability to use more complex tools.

Humans, apes,
gr_der % § monkeys, tarsiers,
rimates a lemurs and lorises

Family . ’ l Humans and
Hominidae - great apes

Genus ' Modern and
Homo archaic humans

\"n‘,

Species A

Homo sapiens Modern humans

Figure 3.68 Classification of Homo sapiens within the order Primates
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One of the most important periods of human evolution occurred around 2.5 million years ago with the
emergence of the genus Homo. The first species in this genus, Homo habilis, was known for its ability to
create stone tools; it had a slightly larger brain than the Australopithecines.

Over the next few million years, other species of Homo emerged, including Homo erectus, which was
the first hominid to leave Africa and migrate into other parts of the world. Homo neanderthalensis,
commonly known as the Neanderthals, was a species of hominids that lived in Europe and parts of
Asia from about 400000 to 40000 years ago. They were named after the Neander Valley in Germany,
where the first Neanderthal fossils were discovered in the mid-nineteenth century.

Neanderthals were well adapted to life in cold environments, with a stocky build and short limbs
that helped to conserve body heat. They are also known to have used fire and create shelters,
indicating a level of social and technological sophistication. Neanderthals produced art, made

jewellery and performed burial rituals, indicating a degree of symbolic thought.

The most recent and only surviving species of the Homo genus is Homo sapiens, which emerged in
Africa around 300000 years ago. Homo sapiens is characterised by its large brain, complex culture
and use of language. Genetic studies have shown that Neanderthals interbred with modern humans,
as evidence of their DNA has been found in the genomes of non-African humans. However, they
eventually became extinct around 40000 years ago for reasons that are not entirely clear, although
factors such as climate change, competition with modern humans, and disease have been suggested

as possible contributing factors.

Australopithecus Homo Homo Homo Homo sapiens
habilis erectus neanderthalensis

Figure 3.69 The biologist and anthropologist Thomas Henry Huxley (1825-1895) was the first to suggest that
humans and other species were related.
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Evidence for human evolution i3 e T : o
In this section you have learned 2
about the different ways that we can
gather evidence about evolution:
palaeontology, comparative anatomy,
embryology, molecular biology and
biogeography. However, we have not
investigated how they have informed
us about human evolution.
1. Research the fossil evidence of
human evolution. Summarise

what fossils teach you about

the evolution of humans and
use pictures to illustrate what Figure 3.70 An archaeological excavation uncovers human remains.
you find.

2. Research homologous and analogous structures related to human evolution. Summarise what
comparative anatomy teaches you about the evolution of humans and use pictures to illustrate
what you find.

3. Research the DNA evidence of human evolution. Summarise what DNA teaches you about the
evolution of humans and use pictures to illustrate what you find.

Science as a human endeavour 3.3

Piecing together our history
The story of human evolution

and migration is constantly being
refined and updated in light of
new evidence. A lot of what we
know so far has been pieced
together from the fossils of our
ancestors. However, the human
fossil record has many gaps due to
the process of fossilisation being a
rare occurrence.

The earliest evidence for human

Figure 3.71 Both Mungo Man and Mungo Lady were removed
from their land without the permission of the traditional
50000 to 60000 years. It comes owners. The remains of Mungo Man were relinquished by the
from charred plant remains, stone Australian National University to be returned and buried in a
secret place in Mungo National Park in 2017.

occupation of Australia dates back

axes and ochre crayons found in
rock shelters in the Northern Territory. The oldest human remains found in Australia come from
Lake Mungo in New South Wales. Mungo Lady an<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>