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Scientists work collaboratively and
individually to design experiments.

Genetics

Heritable characteristics are transmitted
from one generation to the nextina
process thatinvolves genes and DNA.

Evolution

The theory of evolution by natural selection explains
the diversity of living things on Earth and is supported
by arange of scientific evidence. This theory has
been developed over time.

Climate change
There are interactions and cycles within and between
Earth’s spheres. Global systems, including the carbon
cycle, rely on these interactions involving the biosphere,
lithosphere, hydrosphere and atmosphere.

The periodic table

The periodic table is used to classify and organise elements.
The atomic structure and properties of elements are used

to organise them in the periodic table. This system can be
used to make predictions about the properties of elements.

Chemical reactions

Different types of reactions are used to produce a
range of products and can occur at different rates.
Different factors influence the rate of reactions.

The universe
The universe contains features including
galaxies, stars and solar systems. The Big Bang
theory can be used to explain the origin of the
universe. This theory is supported by scientific
evidence and has developed over time.

Motion
The relationships between force, mass and
acceleration can be used to predict changes
in the motion of objects.

Learning and memory
The brain coordinates learning and memory.
Behaviours can be learned in specific ways, and the

duration and capacity of memory can be improved.
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Oxford Science Australian Curriculum has been developed to meet the requirements of the Australian
Curriculum: Science across Years 7—10. Taking a concept development approach, each double-page
spread of Oxford Science represents one concept, one topic and one lesson. This new edition
ensures students build science skills and cross-curriculum capabilities, paving a pathway for
science success in the senior secondary years.

The series offers a completely integrated suite of print and digital resources to meet your needs,
including:
> Student Book > Student obook pro > Teacher obook pro.

Key features > This Student Book combines complete curriculum coverage with clear
Of this and engaging design.
> Each print Student Book comes with complete access to all the digital
StUdent BOOk resources available on Student obook pro.

Focus on concept development

AUSTRALIAN CURRICULUM

CHAPTER

8.

Chaptercheckist : Reflect

R

e Students are
encouraged to self-
assess their learning
against a set of
success criteria in
the Chapter checklist
tables at the end
of each chapter. If
students do not feel
confident about their
learning, they are
directed back to the
relevant topic.

INTRODUCING OXFORD SCIENCE 7-10

Chapter openers Concept statements

» Every chapter e Every topic begins with a concept 8 2 Velocity is speed
begins with a statement that summarises the key *“ with direction
clear learning concept of the topic in one sentence.
pathway for
students.

Learning intentions
¢ Learning intentions are clearly
stated for every topic.

Key ideas
e Keyideas are summarised for each topic in
succinct dot points.

Integrated links to engaging digital resources

e Where relevant, digital icons flag engaging
resources that can be accessed via Student obook

pro. These resources are directly integrated with Worked examples Check your learning
the topic being covered. e Students are provided  Each topic finishes with a set of ‘Check your
with step-by-step learning’ questions that are aligned to the
. worked examples learning intentions for the topic. Questions are
Margin glossary terms for mathematical phrased using bolded cognitive verbs which
e Keyterms are bolded in the body in blue text, problems and state what is expected of a student and prepares
with a glossary definition provided in the margin. scientific concepts. them for studying senior science subjects.

Vi OXFORD SCIENCE 10 AUSTRALIAN CURRICULUM OXFORD UNIVERSITY PRESS



Focus on science inquiry skills and capabilities

1_3 Experiments must

be controlled

Science toolkit

¢ The Science toolkit is

a standalone chapter

that explicitly teaches

important science
inquiry skills and
capabilities.

Science as a human

endeavour
e ‘Science as a human

NCE A
JMAN ENDEAV

1.6

Digital hotspots

Icons found in the student book link
to digital resources accessible via
the obook pro.

@ Digital versions of the Check
your learning and Chapter
review questions

Videos
@ Digital quizzes

@ Interactives

Scientific investigations
must be ethical

endeavour’ topics explore
real-world examples and
case studies, allowing
students to apply science
understanding.

Test your skills and

capabilities

* This section
provides scaffolded
opportunities for

Focus on practical work

Practical work appears at the

back of the book —
e All practical activities are

students to apply
their science
understanding while
developing skills and
capabilities.

organised in a chapter at the end
of the book and signposted at

the point of learning throughout

each chapter.

Challenges, Skills labs and

Experiments

e These activities provide students
with opportunities to use problem-
solving and critical thinking, and
apply science inquiry skills.

Focus on STEAM

How can

Integrated Rustralia
STEAM projects reliance on
+ Take the hard work out of foseil fuels
cross-curricular learning with protect the

engaging STEAM projects.
Two fully integrated projects
are included at the end of
each book in the series, and

and the

environment

are scaffolded and mapped

[STEAM project 2]

to the Science, Maths and

Humanities curricula. The

same projects also feature

in the corresponding Oxford

Humanities and Oxford
Maths series to assist cross-
curricular learning.

OXFORD UNIVERSITY PRESS
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Problem solving through

design thinking

e Each STEAM project investigates a
real-world problem that students
are encouraged to problem solve
using design thinking.

Full digital support

e Each STEAM project is supported
by a wealth of digital resources,
including student booklets (to
scaffold students through the
design-thinking process of
each project), videos to support
key concepts and skills, and
implementation and assessment
advice for teachers.

Vil



AUSTRALIAN CURRICULUM

INTRODUCING OXFORD SCIENCE 7-10

vili

obook*

> Student obook pro is a completely digital product delivered via Oxford’s
online learning platform, Oxford Digital.

> It offers a complete digital version of the Student Book with interactive
note-taking, highlighting and bookmarking functionality, allowing students
to revisit points of learning.

> A complete ePDF of the Student Book is also available for download for
offline use and read-aloud functionality.

Focus on eLearning

Complete digital version of the Student Book

* This digital version of the Student Book is true to
the print version, making it easy to navigate and
transition between print and digital.

Acceleration is change in
velocity over time

Videos

» Videos are available
online to support
understanding of
concepts or key practical
activities.

Quizlet
e Integrated Quizlet sets,
including real-time online
quizzes with live leaderboards,

58— Book
a— Bookcontent

motivate students by providing Interactive quizzes
interactive games that can « Each topic in the Student Book is accompanied by an interactive assessment
be played solo or as a class. that can be used to consolidate concepts and skills.

Quizlet can be used for revision
or as a topicis introduced to
keep students engaged.

* These interactive quizzes provide a mix of auto- and teacher-corrected
questions, with students receiving instant feedback on achievement and
progress. Students can also access all their online assessment results to
track their own progress and reflect on their learning.

> integrated Australian Concise Oxford Dictionary look-up feature
> targeted instructional videos for key concepts, practicals and worked examples Benefits for

> interactive assessments to consolidate understanding

students

> integrated Quizlet sets, including real-time online quizzes with live leaderboards

> access to their online assessment results to track their own progress.

OXFORD SCIENCE 10 AUSTRALIAN CURRICULUM OXFORD UNIVERSITY PRESS



oxforddigital.

obook

> Teacher obook pro is a completely digital product delivered via Oxford Digital.

> Each chapter and topic of the Student Book is accompanied by full teaching
support. Teaching programs are provided that clearly direct learning pathways
throughout each chapter, including ideas for differentiation and practical activities.

> Teachers can use their Teacher obook pro to share notes and easily assign
resources or assessments to students, including due dates and email notifications.

Focus on assessment and reporting

Complete teaching support

* Teaching support includes full lesson and
assessment planning, ensuring there is

more time to focus on students.

axfordcicital .-

Oxford Science Year 10

RESOURCES ASSIGNED WORK REPORTS

Reports

FILTER BY: %
. Curriculum Report

CLASS, GROUPS &
STUDENTS

Science¥R10 -

All groups

TONOTS6IY
Z0NOTS6IY
£0N0TS6IY
FONOTSEIY

Curriculum and assessment

Acceleration is...

5| UDIJRIF|RIIY

INTERYEAR LINK REPORT

reports
25+ 20« I - | 0w | 0% 50%  Teachers are provided with
clear and tangible evidence
of student learning progress

25« 14+ I - | 0% | Ox | 25% through curriculum and

35 o DENNEEEEE - 50+ 0% 5 assessment reports.

e Assessment reports directly
show how students are

00% 50% performing in each online
interactive assessment,
providing instant feedback
for teachers about areas of
understanding.

e Curriculum reports
summarise student
performance against
specific curriculum content
descriptions and curriculum
codes.

Interyear...

OD5Student 1

OD5Student 2

OD35Student 3

OD5Student 4

OD5Student 5

OD5Student 6

QD5Student 7

Additional resources

» Each chapter of the Student Book is
accompanied by additional worksheets
and learning resources to help students
progress.

> In addition to online assessment, teachers have access to editable class tests that are
provided at the conclusion of each chapter. These tests can be used as formative or
summative assessment and can be edited to suit the class’s learning outcomes. teachers

Benefits for

> Teachers are provided with laboratory support through experiment answer guidance,
laboratory technician notes and risk assessments to ensure safe learning experiences.

OXFORD UNIVERSITY PRESS INITRODUCING OXFORD SCIENCE 10 AUSTRALIAN CURRICULUM
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AUSTRALIAN CURRICULUM:
SCIENCE 10 SCOPE AND SEQUENCE

YEAR 10 DESCRIPTION

In Year 10, students explore the biological, chemical, geological and astronomical evidence for different theories, such as
the theory of natural selection and the Big Bang theory. Through investigating natural selection and processes of heredity
they come to understand the evolutionary feedback mechanisms that ensure the continuity of life. They appreciate how
energy drives the Earth system and how climate models simulate the flow of energy and matter within and between Earth’s
spheres. Students develop a more sophisticated understanding of atomic theory to understand patterns and relationships
within the periodic table. They understand that motion and forces are related by applying physical laws and can be
modelled mathematically. Students analyse and synthesise data from systems at multiple scales to develop evidence-based
explanations for phenomena. They learn that all models involve assumptions and approximations, and that this can limit
the reliability of predictions based on those models.

Biological sciences

Chapter 2 Explain the role of meiosis and mitosis and the function of chromosomes, DNA and genes in heredity
and predict patterns of Mendelian inheritance (AC9S10U01)
Chapter 3 Use the theory of evolution by natural selection to explain past and present diversity and analyse the

scientific evidence supporting the theory (AC9510U02)

Earth and space sciences

Chapter 7

Describe how the Big Bang theory models the origin and evolution of the universe and analyse the
supporting evidence for the theory (AC9510U03)

Chapter 4

Use models of energy flow between the geosphere, biosphere, hydrosphere and atmosphere to explain
patterns of global climate change (AC9S10U04)

Physical sciences

Chapter 8

Investigate Newton's laws of motion and quantitatively analyse the relationship between force, mass
and acceleration of objects (AC9510U05)

Chemical sciences

Chapter 5 Explain how the structure and properties of atoms relate to the organisation of the elements in the
periodic table (AC9S10U06)
Chapter 6 Identify patterns in synthesis, decomposition and displacement reactions and investigate the factors

that affect reaction rates (AC9S10UQ7)

Nature and development of science

All chapters Explain how scientific knowledge is validated and refined, including the role of publication and peer
review (AC9S10HO01)
All chapters Investigate how advances in technologies enable advances in science, and how science has contributed

to developments in technologies and engineering (AC9S10H02)

Use and influence of science

All chapters Analyse the key factors that contribute to science knowledge and practices being adopted more broadly
by society (AC9S10H03)
All chapters Examine how the values and needs of society influence the focus of scientific research (AC9S10H04)

X OXFORD SCIENCE 10 AUSTRALIAN CURRICULUM OXFORD UNIVERSITY PRESS



Questioning and predicting

All chapters Develop investigable questions, reasoned predictions and hypotheses to test relationships and develop
explanatory models (AC9510101)

Planning and conducting

All chapters Plan and conduct valid, reproducible investigations to answer questions and test hypotheses, including
identifying and controlling for possible sources of error and, as appropriate, developing and following
risk assessments, considering ethical issues, and addressing key considerations regarding heritage
sites and artefacts on Country/Place (AC9510102)

All chapters Select and use equipment to generate and record data with precision to obtain useful sample sizes
and replicable data, using digital tools as appropriate (AC9510103)

Processing, modelling and analysing

All chapters Select and construct appropriate representations, including tables, graphs, descriptive statistics,
models and mathematical relationships, to organise and process data and information (AC9S10104)

All chapters Analyse and connect a variety of data and information to identify and explain patterns, trends,
relationships and anomalies (AC9S10105)

Evaluating

All chapters Assess the validity and reproducibility of methods and evaluate the validity of conclusions and claims,
including by identifying assumptions, conflicting evidence and areas of uncertainty (AC9510106)

All chapters Construct arguments based on analysis of a variety of evidence to support conclusions or evaluate
claims, and consider any ethical issues and cultural protocols associated with accessing, using or
citing secondary data or information (AC9510107)

Communicating

All chapters Write and create texts to communicate ideas, findings and arguments effectively for identified

purposes and audiences, including selection of appropriate content, language and text features,
using digital tools as appropriate (AC9510108)

By the end of Year 10, students explain the processes that underpin heredity and genetic diversity and describe the evidence
supporting the theory of evolution by natural selection. They sequence key events in the origin and evolution of the universe and
describe the supporting evidence for the Big Bang theory. They describe trends in patterns of global climate change and identify
causal factors. They explain how Newton’s laws describe motion and apply them to predict motion of objects in a system. They
explain patterns and trends in the periodic table and predict the products of reactions and the effect of changing reactant and
reaction conditions. Students analyse the importance of publication and peer review in the development of scientific knowledge and
analyse the relationship between science, technologies and engineering. They analyse the key factors that influence interactions
between science and society.

Students plan and conduct safe, valid and reproducible investigations to test relationships or develop explanatory models. They
explain how they have addressed any ethical and intercultural considerations when generating or using primary and secondary
data. They select equipment and use it efficiently to generate and record appropriate sample sizes and replicable data with
precision. They select and construct effective representations to organise, process and summarise data and information. They
analyse and connect a variety of data and information to identify and explain patterns, trends, relationships and anomalies. They
evaluate the validity and reproducibility of methods, and the validity of conclusions and claims. They construct logical arguments
based on analysis of a variety of evidence to support conclusions and evaluate claims. They select and use content, language and

text features effectively to achieve their purpose when communicating their ideas, findings and arguments to diverse audiences.

Source: © Australian Curriculum, Assessment and Reporting Authority (ACARA] 2009 to present, unless otherwise indicated. This
material was downloaded from the ACARA website (www.acara.edu.au) (Website) (accessed 2022) and was modified. The material
is licensed under CC BY 4.0 (https://creativecommons.org/licenses/by/4.0/). ACARA does not endorse any product that uses ACARA
material or make any representations as to the quality of such products. Any product that uses material published on this website
should not be taken to be affiliated with ACARA or have the sponsorship or approval of ACARA. It is up to each person to make their
own assessment of the product.
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What if?

Yeast reactions
What you need:

Active yeast suspension in warm
water, 3 per cent hydrogen
peroxide solution, test tube

in a rack, measuring cylinder,

2 plastic pipettes, dishwashing
detergent

What to do:

1

Use the measuring cylinder to measure 2mL
of hydrogen peroxide. Pour the hydrogen
peroxide into the test tube.

Add one drop of dishwashing detergent to the
test tube.

Use the plastic pipette to mix the yeast
suspension thoroughly.

Add three drops of the yeast suspension to the
test tube.

Measure the height of the bubbles made from
the gas produced by the catalysed reaction.

What if?

»

What if more yeast suspension was added?

What if the hydrogen peroxide solution was
diluted with water?

What if the yeast mixture was put on ice?

What if the yeast mixture was boiled before it
was added to the hydrogen peroxide?



There are many types of
sclentific investigations

Learning intentions Key ideas

By the end of this e Types of scientific investigation include case studies, modelling or simulations,
topic, you will be guantitative analysis and controlled experiments.

able to: e Scientists record their research and data in a logbook.

e operationalise a
question

e form a hypothesis

e explain how to
plan and conduct
a scientific

Science is a way of asking and answering
questions about the biological, chemical,
physical and technological worlds. It allows us
to explore the unknown and use our knowledge
to solve problems.

investigation
e describe what a

logbook is and Questioning and predicting

how to use it.

All scientific investigations start by asking a
question. There are many different types of
questions that can be asked. Questions can be
big (such as ‘How did the universe start?’) or
they can be small (such as “What will happen if
acid is mixed with metal?’).

Big questions often need to be broken down
into a series of small questions that can be
answered over time (Figure 1). For example,
the question ‘How did the universe start?’
could be broken down into these questions:
> What is a universe?
> What makes up our universe?

> What is the state of our current universe?

> How is our universe changing?
Figure 1 Scientists > Can we measure these changes?

might ask, ‘How did > Have these changes always occurred?
the universe start?’

To investigate this, .
they need to also ask Each question can then be broken down

questions that can be into something that is measurable. This is
tested and measured. called operationalising the question.

> What is causing these changes?

IF 6 drops of yeast suspension (instead
Independent variable of 3 drops) was added to 2mlL of
hydrogen peroxide

THEN twice as much gas would be

Dependent variable . X
p produced in the same time

BECAUSE increasing the amount of
Possible explanation catalyst will increase the rate of
a reaction.

Figure 2 A possible hypothesis for the example question
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Scientists need to ask specifically how they will
test and measure their question.

For example, the question “What if more
yeast was added to hydrogen peroxide?’ will need
to consider the amount the yeast solution will be
increased by. So, an operationalised question for
this would be ‘What if 6 drops of yeast extract
was added to 2mL of hydrogen peroxide?’

Once the question is testable, the scientist can
predict the outcome of the test and state the
reason for their prediction. These things are
included in a hypothesis. The easiest hypothesis
touseis an ‘If ... then ... because ...” statement.
For example, the hypothesis for the previous
question could be as shown in Figure 2.

This hypothesis can now be investigated.

Planning and conducting

There are many ways to investigate science.
The type of investigation used is called

the methodology. This is different to a
method (the step-by-step procedure of an
investigation). The methodology that a scientist
uses will depend on the type of question and
the equipment that can be used.

A case study is a detailed investigation of a real
life or hypothetical activity, event or problem.
It looks at all the causes or contributing factors
involved at the beginning and describes

what happened during the event, as well as

the outcomes and consequences. The case
study will also analyse the data and provide
recommendations for the future. An example
is a case study of an environment, where all
the factors that contributed to a change in the
environment (including the motivations of
humans) are discussed.
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It may include a detailed description of how
the environment changed as well as the short-
and long-term consequences of the change.

Modelling or simulations

Many scientific investigations involve
constructing a physical or mathematical model
or simulation of an object or a change. These
models can be used to predict what will happen
if something changes. In this year’s science
classes, you will complete examples of models
or simulations, including modelling genetic
inheritance and evolution, the properties of
alloys, the effects of a carbon sink, and the laws
of energy and motion.

Quantitative analysis

Scientists use quantitative analysis to calculate
a number or relative amount of a substance.
High-technology equipment is usually used in
the analysis of samples. For example, chemists
may want to calculate the pH in soil (Figure 4),
and physicists may want to calculate the
amount of dark matter in the universe.

In your science classes this year, you will
use quantitative analysis to determine the age
of an unknown sample, the amount of acid
in a sample, the amount of phosphorus in a
detergent, the distance to the Sun and the
acceleration of a falling object.

Retrieve

1 Define what it means to ‘operationalise a question’. 5
Give an example to support your definition.

Comprehend

2 Explain the purpose of using a simulation in science.

Figure 3 The Commonwealth Scientific and
Industrial Research Organisation (CSIRO)
completed a detailed study of the Mitchell
catchment and used the data to evaluate
soil and water resources and identify and
evaluate water capture and storage options.

Controlled experiments

Experiments investigate the relationship
between an independent variable (the
variable that is deliberately changed during
an experiment) and the dependent variable
(the variable that is observed to determine if

it is changed by the independent variable).

To determine the relationship between the
independent variable and dependent variable,
all of the remaining factors or variables must be
maintained or controlled (Topic 1.3) so they do
not influence the results.

Using a logbook

All scientists will record their research and
data in a logbook. Logbooks can be paper
based or computer based (these are regularly
backed up). Logbooks should contain your
name, address and the name of your school

on the front. This is to make sure that if it
becomes lost, it can be returned. The first page
of your logbook should be used as a contents
page where you can record the name of each
investigation and its page number.

Before you start each investigation, record
the name of the investigation and the date at the
top of the page. This is to make sure that you
will not forget the details of the investigation
when you are writing a formal report or
studying for your test or exam (Figure 5).

Apply

Figure 4 Quantitative

analysis of pH in soil is
important for plant or
crop growth.

operationalising

a way to break a large
science question into
smaller measurable
questions

methodology

the rationale (why) and
approach (how) used by
a scientist to investigate a
scientific question

Figure 5 It's important
to keep a detailed
logbook during scientific

investigations.

A student wanted to demonstrate that heating a

chemical reaction will cause it to happen faster. They
wanted to test it using a dissolvable Alka-Seltzer tablet.

a Create an operationalised question for this investigation.

b Construct a hypothesis for this investigation.

¢ Identify which methodology the student should use.

Analyse
3 Compare a quantitative analysis and a controlled 6
experiment. question 5.

4 Contrast a methodology and a method.

Create a method for the experiment described in

Quiz me

Complete the Quiz me to check how well you've mastered
the learning intentions and to be assigned a worksheet at
your level.
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Learning intentions

By the end of this
topic, you will be
able to:

e explain how
scientists
communicate
when writing
reports for
different
audiences.

unbiased
impartial and free from
preconceived ideas

objective
uninfluenced by personal
opinions and interests

Sclentists commmunicate
using scientific language

Key ideas

e Scientific communication requires the author to modify their language to suit the audience.

Like all forms of communication, the way
we communicate in science depends on the
audience. If the audience does not know the key
words or concepts that you are discussing, then
you will need to use simple pictures, models
and language so that they can understand
what you are trying to say. For example, two
physicists may say, ‘Potential energy was added
to the rubber band’, whereas a teacher may
explain that, “The rubber band was stretched’.
When writing reports, scientists also avoid
using the first person (‘I’, ‘we’, ‘me’, ‘you’, ‘us’,
etc.). All science is supposed to be unbiased
and objective.

When the first person is used, it introduces
the idea that humans can make mistakes.

Scientists usually use past tense when they
write a report because they are describing
something they have already completed. If
results were described in present tense (the
now) or future tense (the later on), then the
listener would not be sure if the experiment
was finished.

Some examples showing the differences
between scientific language and common
language are given in Table 1.

Table 1 Examples showing differences between scientific language and common language

Scientific language
The equipment was set up.
The mass of the beaker was measured.

The beakers were heated to 50 degrees Celsius.
(Past tense)

The two trolleys were pulled apart. (Past tense)

The metal was malleable.

At 6:15am a single magpie sitting on a protruding
tree branch called loudly for 30 seconds.

The mass of the sodium bicarbonate was identified
as a possible random error.
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Common language
| set up the equipment.
We weighed the beaker on the scales.

Heat the beakers to 50 degrees Celsius.
(Present or future instruction)

Pull the two trolleys apart. [Present or future
instruction)

The metal could be bent into any shape.

I think it was a magpie that sang the warbling song
that woke me up in the morning.

We could have improved the experiment if we
were more organised and measured the amount
of bicarb properly.

1 ™
- --— '

|

'F-

Figure 1 When writing
reports, itis important
to be unbiased and
objective.
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Writing a scientific report

Scientists write reports so that their experiment
and results can be reviewed by their science-
trained colleagues or peers. As both the writer
and reader are science trained, these reports
will contain many terms that have particular
meanings. For example, the word ‘significant’

Table 2 Sections of a scientific report

Section
Title

Introduction

Aim
Hypothesis

Method

Results

Discussion

Conclusion

References

Description

can mean ‘important’ when used by a person
in the street. But to a scientist, the word
‘significant’ means that a result is ‘not due
to chance’. This means that the words in a
scientific report need to be carefully chosen.
All scientific reports have common sections
and headings. Table 2 explains each section that
you will need to include in your scientific reports.

e A statement that includes the independent variable and the dependent variable.

A summary of any previous experiments that you have completed.
A description of the key concepts being examined and how they are related to your hypothesis.

A statement of what you are trying to achieve in the experiment.

A prediction of how the independent variable will affect the dependent variable and the reason that supports

the outcome.

If ... <how the independent variable will change> ... then ... <how the dependent variable will change> ... because ...

<reason for the change>.

A'list of the materials, containing the concentrations and brands, should be included in the method.
The method should contain step-by-step instructions or a brief description (in past tense) that would enable

someone to repeat the experiment.

Relevant labelled diagrams should be included where necessary.

The data should be presented in a table, graph or diagram.
A written summary of the results (stating facts without conclusions) should also be included.

This section should analyse the results by:

> describing the relevant science concepts that occurred in the results

> drawing conclusions from the results
> comparing the conclusions to the hypothesis

> describing how the results could apply in the real world.

The conclusion should answer the aim of the experiment by:

> comparing the conclusions to the aim

> describing the limitations of the experiment (by describing situations where these results would not apply)

> describing a possible next experiment that could occur to confirm or extend the conclusions.

Any sources that you used to research the scientific concepts or definitions should be included here.
There are different ways to write a reference. Check which style is preferred by your school.

Most scientific communications use APA Style (American Psychological Association Style). For example:
Silvester, H. (2023). Oxford Science 10 Australian Curriculum (2nd ed.). Oxford University Press.

C

1 Identify what should be included in the discussion
section of a scientific report.

2 Explain why scientists avoid using the first person to
describe the results of an experiment.

3 Rewrite the following statements using scientific
communication.

When I put my hand in the water, it felt very cold.
I think it was 15 degrees.

4 Contrast the common meaning and the scientific

a [ measured the speed of a skateboard. @
b The acid made lots of bubbles appear on the side

of the metal.

OXFORD UNIVERSITY PRESS

meaning of the word ‘significant’.

5 Compare the information that is written in the results
and discussion sections.

Quiz me

Complete the Quiz me to check how well you've mastered
the learning intentions and to be assigned a worksheet at
your level.



Learning intentions

By the end of this
topic, you will be

able to:

e define
independent,
dependent,

controlled and
confounding
variables

e describe valid
experiments,
reliable
experiments and
control groups.

controlled variables
variables that remain
unchanged during an
experiment

independent variable
a variable (factor) that is
changed in an experiment

dependent variable

a variable in an experiment
that may change as a

result of changes to the
independent variable

confounding variable

a variable that impacts
both the independent and
dependent variables

valid

when the design of the
experiment will produce
a result that answers the
scientific question

reliability

when an experiment can
be repeated to produce the
same results

repeatable

when an experiment can
be repeated by the same
scientist using the same

materials

Experiments must

be controlled

Key ideas
e Experiments must be valid and reliable.

e Controlled experiments need to have control groups and may have positive and

negative controls.

One of the most important parts of a scientific
experiment is identifying all the different
variables that affect the outcome of the
experiment.

Any experiment will have many different
factors or variables that will change the result.
For example, an experiment that tests how to
improve the growth of a plant will be affected
by these variables: type of soil, amount of
water, amount of sunlight, temperature of the
environment, amount of air, and concentration
of different gases in the air. A good experiment
will keep all these variables the same, or
controlled, except for one.

The independent variable is the only
variable that is deliberately changed by the
experimenter. In the example of the plant,
the experimenter could keep the same soil,
the same temperature, the same sunlight
and the same air for all plants. The only
thing that may change is the amount of water
that the plants receive. Then the experimenter
will know if the amount of water causes a
change in the dependent variable. The
dependent variable is the variable that is
measured at the end of the experiment and
is ‘dependent’ on any change in the
independent variable.

Confounding variables are a third type of
variable that impact both the independent and
the dependent variables. For example, weather
is a confounding variable in an experiment
examining the relationship between sunburn
and number of ice creams sold. While it might
appear as if there is a direct correlation between
the level of sunburn in individuals and number
of ice creams sold, one variable does not cause
the other. Instead, the confounding variable
is the weather and amount of sunlight which
causes the changes in the other two variables.
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Valid experiments

The dependent variable must be carefully

selected to make sure the experiment is valid.

An experiment is valid if it measures what it

claims to measure. The scientific validity can

be checked by asking three questions.

> Does the experiment relate to what happens
in the real world?

> Does the experiment measure a dependent
variable that is relevant to the aim?

> Does the experiment control all the other
factors that might affect the outcome?

For example, if an experimenter wants to
test the growth of the plant, then they need to
consider what they mean. Growth can mean
the height of the plant, the number of leaves,
the size of the leaves, the length of the roots, or
the number of roots. A valid experiment would
identify which of these dependent variables
would apply in the real world and would not be
affected by the other factors (such as how
tightly packed the soil may be).

Reliable experiments

The reliability of a science experiment is
dependent on the ability to repeat the experiment
with the same scientist and same materials
(repeatable) or with another scientist in another
laboratory (reproducible) and achieve the same
results. For an experiment to be reliable, all the
variables that can affect the dependent variable
need to have been identified and controlled for.

Controlled experiments keep all the variables
the same except for the independent variable.
If the independent variable is changed, then
it needs to be compared to a control group.
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The control group is a second group of
organisms, chemical reactions or physical
conditions for which the independent variable
has not been changed.

In a biology experiment investigating
the effect of amount of water on plants, the
independent variable is the amount of water.
The control group and the experiment group
would contain identical plants, with the same
soil, temperature, sunlight and air conditions.
The control group would then receive a
standard amount of water while the experiment
group receives a different amount of water.

ii ii >

Experiment group

Control group

Figure 1 Experiments to determine the
effectiveness of increased sleep on exam results
require matching participants’ ages, sexes, food
intake, amount of exercise, amount of sleep and
general health. Having similar characteristics in
each group reduces the number of variables when
comparing their results.

Retrieve

1 Define the terms ‘valid’ and ‘reliable’.

Comprehend

2 Explain why a control group should
have participants with similar or
comparable characteristics to those of
the experiment group.

Analyse

3 Identify the variables that need to be
controlled in an experiment that tests the
following hypothesis. Describe how you
could control each variable.

If the speed of a car was increased from
60km/h to 80km/h, then the distance
taken to stop will increase from 27 m to
36 m, because the car will travel further
before the driver reacts and the braking
distance will also increase.

OXFORD UNIVERSITY PRESS

In chemistry, a control group might be a set

of chemical reactions that occur at a standard
temperature, while the experiment group’s
reactions occur at an increased temperature.

In physics, an experiment group of model cars
might have an added mass. In psychology, the
control and experiment groups must contain
the same number of people of the same ages
and general health. They should differ only in
regard to the independent variable being tested.

Positive control

The positive control is an individual test
that makes sure a positive outcome is possible.
For example, in an experiment to determine
whether soap will kill bacteria, a positive
control would be to test that the original
bacteria are alive.

Negative control

A negative control is an individual test to
check that the different materials will not affect
the dependent variable. For example, in a
chemical reaction where an indicator changes
colour to show the production of the product,

a negative control would be to add a reactant to
the indicator to check that it does not cause a
colour change (a negative reaction) before the

experimental reaction.

4 Identify a positive control and a negative
control for an experiment where an electric
circuit was set up to determine whether a
crystal was able to conduct electricity.

5 Contrast repeatable experiments and
reproducible experiments.

Apply

6 Your class is investigating whether adding
coffee grounds to soil helps a plant grow
faster. One of your classmates suggests
adding tea leaves to the soil of a plant as a
negative control. Evaluate this statement
(by defining a negative control and
comparing the definition to the student’s
suggestion, and deciding whether adding
tea leaves would act as a negative control).

Quiz me
Complete the Quiz me to check how well

you've mastered the learning intentions and
to be assigned a worksheet at your level.

reproducible

when the experiment can
be repeated by another
scientist in another
laboratory

control group

a group of organisms,
chemical reactions or physical
conditions that can be
compared to the group that
has had the independent
variable changed

positive control

an individual test that checks
that a positive result is
possible in an experiment

negative control

an individual test that checks
that a negative result is
possible in an experiment

Figure 2 When testing
the effectiveness of soap
in killing bacteria, a the
positive control will have
bacteria without soap,
whereas b the negative
control will test the soap
with no bacteria.
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4 Data can be analysed

Key ideas

e Bias can affect the design of an experiment or the analysis of data.

Learning intentions e Graphs can be used to present data.

By the end of this
topic, you will be
able to:

e describe how
bias can affect
the design of
an experiment
and the analysis

There are two types of data that you will
examine in science this year: primary data and
secondary data. Primary data is data that you
collect from your own experiments. This data
relies on the careful planning of the experiment
to make sure it is a valid experiment that

of data produces reliable results. The second form of
« explain how data is collected by other people. This data is

graphs can be called secondary data.

used to present When analysing secondary data, it is

and analyse data. important to ask a series of questions. These

questions might be as simple as:

primary data > Is the data trustworthy?

data collected by the > Where did the data come from?
person writing the report > Why did the person collect the data?
secondary data > Is the data unbiased?

data collected by someone

cloe Bias

confirmation bias o .
when a scientist selects a If a person is biased, it means they have already

method that will support made a decision about a person or outcome.
the outcome they want In science, bias can cause an observer to only
. . notice the information that they expect to
sampling bias K
. occur and to avoid or refuse to acknowledge

a bias where a group of test ) .

subjects do not represent data that is unexpected. Because biased

the larger sample group observations only tell one side of a story, it can
sometimes cause inaccurate data and leave a
false impression. There are many ways bias can
affect a scientific investigation.

Population Sample

Figure 1 Sampling bias exists when the population of the sample doesn't
reflect the actual population.
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e The mean, median and mode can be used to mathematically analyse data.

Confirmation bias

When a researcher has a hypothesis that they
are certain is correct, they may shape their
investigation so that the data supports the
hypothesis. This is known as confirmation bias;
it involves favouring information that ‘confirms’
a hypothesis. An example of this occurred in the
early 1900s when French scientist Rene Blondlot
announced that he had observed a new type of
radiation ‘glow’ called N-rays. He claimed he
saw these N-rays released when electricity was
passed through particular crystals. Blondlot

was so convinced that the N-rays existed, he
continued to see them even when an American
scientist secretly removed the crystal before a
demonstration. Other French scientists also
continued to ‘see’ the glow around crystals for
several years because they were convinced that
the rays existed.

Sampling bias
When discussing experiment methodology, a
sample refers to the people or objects tested in
an experiment. The people or objects chosen
to be part of a sample should represent the
population being studied.

Sampling bias occurs when an experiment
tests a small group of subjects (either people
or objects) that do not properly represent the
larger group (Figure 1). This has been seen
most recently during pre-election surveys where
people are asked who they will vote for via
landline phone surveys in city regions. These
surveys often miss people who are not home
during the day or who do not have a landline
phone because they only use their mobile phones.
This means the predictions of who will win an
election can be biased because the sample only
represents people who own landline phones.

Channelling bias

When scientists want to test the effectiveness
of a new drug, they will carefully select a large
group of people and divide them into two
smaller groups.
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When selecting which person will be placed
into each group, it is tempting for the scientist
to place or ‘channel’ the people most affected
by a condition into the group that will receive
the treatment and the people who are least
affected into the non-treatment group. But this
can affect the outcome of the trial.

Instead, the two groups should be
randomised (randomly assigned to a group),
and both groups should appear to receive the
same treatment. This can be done by giving
both groups a pill to take at the same time
each day. One group will have the new drug
in the pill, while the control group will be
given a placebo.

A placebo is a substance or treatment
that is designed to have no effect; for example,
a sugar pill. Some people can be so convinced
that the treatment will work that a placebo
will make them feel better. In one experiment,
a group of patients with osteoarthritis of the
knee underwent a placebo operation instead of
receiving the real procedure. These patients
reported feeling less pain as a result of the fake
procedure. When participants do not know
if they are receiving the real treatment or a
placebo, it is called a randomised blind study.

Although a blind study is useful, the doctors
treating the participants might also behave
differently towards a patient if they know the
patient is receiving treatment or a placebo.

To avoid this, sometimes the treating doctors
are not told which treatment the patient is
being given. In these tests, only the scientists
know the outcome and can decode which group
received the treatment. When there are two
layers of people who do not know who received
the treatment until it is over, this is called a
randomised double-blind study.

Processing data

There are a variety of tools that can be used

to analyse the data of an experiment. One

important way is to draw an appropriate graph

of the data. All graphs should have:

> the independent variable on the horizontal
x-axis

> the dependent variable on the vertical
y-axis

> adescriptive title.

The type of graph you can use will vary
according to the type of data. Continuous
data can have any value including decimals
or fractions.
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Discrete data can only have certain values
or names. For example, height (... 1.67m,
1.68m ...) is continuous data. Colours,
categories or types are discrete data.

Line graphs are used when both the
independent variable and the dependent
variable are continuous data (Figure 2).

Scatter plots are used when both the
independent variable and the dependent
variable are continuous and may not be
connected by a line. Occasionally a line of
best fit can be used to show the trend or
direction of the relationship. A line of best fit
is a straight line drawn through a group of
data points, and it can show the positive or
negative relationship (correlation) between
two variables (Figure 3).

randomised
when people or objects are
selected at random

placebo

a substance or treatment
that is designed to have no
effect

blind study

when the participants

do not know if they are
receiving the treatment or
a placebo

double-blind study
when neither the
participants nor the
treating doctors know
if they are receiving the
treatment or a placebo

Monthly average temperature in Melbourne

35 High temperature

Low temperature
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Temperature (°C)
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Figure 2 A line graph plots continuous data. In this graph, two data sets are
included and are represented by different colours to make it clearer to read.
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Figure 3 A scatter plot with a line of best fit
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Figure 4 A column graph
is used to represent
discrete data.

Percentage of blood types in Column graphs are used when either the

Australia's population independent variable or the dependent variable
.S has discrete data (Figure 4).
Lg 40 ) .
& Analysing numerical data
&
i There are many different ways to use
§’ 20 mathematics to represent the data. The average
§ 10 of the data set can be found in a number of
E o ways (outlined in Table 1). Worked example 1.4
o A B AB shows how to find the average of a data set.
Blood group phenotypes

Table 1 Ways to measure the ‘average’ of a data set

Measure Description

Mean e The expected or average value of a data set.

e |tis calculated by the formula:
Sum of all values

Mean =
The number of values

Median e The middle value of the data.
e |tis calculated by placing all the values in order from lowest to highest and then selecting the

value in the middle.

Mode ¢ The most common value in the set of data.
e |tis calculated by tallying how many times each number appears. The number that appears

most often is the mode.

Worked example 1l.U: Calculating mean. median
and mode

Calculate a the mean, b the median and ¢ the mode for the following times taken for a car to
travel 100 m.

278 seconds, 167 seconds, 180 seconds, 208 seconds, 3 minutes

Solution

a Mean: To calculate the mean, all values must be in the same unit (seconds).

The data should therefore be: 278 seconds, 167 seconds, 180 seconds, 208 seconds,
180 seconds.

Sum of all values

Mean =
The number of values

278 + 167 + 180 + 208 + 180
5

1013
5
202.6 seconds
As all values have three significant figures, the answer should also have three significant

figures.

202.6 seconds should be rounded up to 203 seconds.

Therefore, the mean is 203 seconds.

Median: To calculate the median, all the values must be placed in increasing order.
167 seconds, 180 seconds, 180 seconds, 208 seconds, 278 seconds

The median value is the middle number, which is 180 seconds.

Mode: The mode is the most common number in the data set.

The mode value is 180 seconds.
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Uncertainties in data

There are many different variables that
can affect the outcome of an experiment.
Something as simple as measuring the mass
of an object on scales can change if someone
breathes on the scales, or if a person generates
a small breeze by quickly walking past. These
small unpredictable variations in measurements
are called random errors. Random errors can
be reduced if the measurements or experiments
are repeated.

Another error that can occur is a
systematic error. These errors occur
when there is an error in the equipment that
is used (such as scales that constantly measure
the wrong mass) or in the way the experiment
is completed.

Retrieve
1 Define the term ‘bias’.
2 Define the term ‘placebo’.

Comprehend

3 Explain how a blind study or double-
blind study can be used to control
variables in an investigation.

Analyse

4 Compare a blind study and a double-
blind study.

5 Contrast random errors and systematic
errors.

6 A student measured the amount of hydrogen
gas produced from an acid and metal
reaction. They repeated the experiment
five times to make sure the experiment was
reliable. The amount of gas collected in
each attempt is shown in Table 2.
Calculate the mean, median and mode
for the hydrogen gas produced.

Table 2 The amount of gas produced from an
acid and metal reaction

Attempt  Amount of hydrogen gas (mL?)

1 1.68
2 2.54
3 2.05
4 1.69
5 2.05

OXFORD UNIVERSITY PRESS

Repeating the experiment will not remove
these errors. Instead, checking the accuracy
of the scales with a known weight (Figure 5)
or carefully checking that there are no other
variables in the method that will affect the
outcome will minimise these errors.

Figure 5 Checking the accuracy of scales will

minimise errors in data.

Apply

7 Discuss how a scientist can avoid
confirmation bias when designing an
experiment to test the effectiveness of
adding phosphorus to soil to improve
plant growth.

Figure 6 Does adding phosphorus to soil
improve plant growth?

Quiz me
Complete the Quiz me to check how well

you've mastered the learning intentions and
to be assigned a worksheet at your level.

CHAPTER 1 SCIENCE TOOLKIT

random error
when an unpredictable

occurs, resulting in an

systematic error
a repetitive error that is

the experiment

variation in measurement

not removed by repeating
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Learning intentions

By the end of this

topic, you will be

able to:

¢ identify and
explain the
five stages of
developing a
new vaccine.

antigen

a molecule that will cause
the body’s immune system
to react

informed consent

a decision that is made by
a person who has had the
procedure and possible
effects explained to them

Figure 1 During the first
phase of clinical trials,
the vaccine is tested on a
small number of adults.

Clinical testing uses the
sclentific method

Key ideas

e Alldrugs and vaccines must be tested before they are approved by the Therapeutic Goods

Administration in Australia.

e Clinical testing on humans is part of the testing procedure.

The COVID-19 pandemic began in 2019 and
caused major disruptions across the world.

As a result, there was renewed interest in

the importance of science and the scientific
method, especially in relation to the rapid
development of vaccines.

Vaccines are a way of warning the body’s
immune system to watch for a particular
molecule called an antigen. Antigens trigger our
body’s immune response to fight infection. Most
vaccines contain a copy of the antigen, either
individually or on the surface of an inactive virus.
A few new vaccines contain a copy of special
genetic material (mRNA; messenger ribonucleic
acid) that allows the body’s own cells to make
the antigen that warns the immune system.

All new vaccines must go through the same
five-stage development cycle.

Stage 1: Exploratory stage

This stage of vaccine development involves
basic laboratory research to identify and
produce copies of the appropriate antigen
molecule. Like a ‘wanted’ poster, the antigen is
used to warn the immune system to watch for
the agent that causes the disease. The antigen
molecule may also need to be placed on the
surface of the inactive virus. This exploratory
stage can last 2—4 years and depends on the
number of researchers involved and the
funding requirements of the laboratory.

Stage 2: Pre-clinical stage

During this stage, the vaccine antigen will be
tested on groups of cells in the laboratory or
in animal subjects such as mice or monkeys.
These tests allow researchers to test how
effective the antigen is at warning the immune
system and to check that the antigen will not
harm the organisms receiving the vaccine.
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This stage usually lasts 1-2 years due to the
costs involved. Most vaccines fail at this point.

Stage 3: Clinical
development stage

This stage involves testing the vaccine on
humans who have given their informed
consent. (They understand what is going to
happen and the possible side effects and agree
to take part.) Three phases of trials must be
completed as part of the clinical development
process. The scientific method is most obvious
during the clinical development trials.

The first phase of clinical trials involves the
vaccine being tested on a small number of
adults (usually adult males) to determine how
their immune systems will react. Females are
usually not included, to prevent the possibility
of a woman undergoing the trial treatment
without realising that she is pregnant. The
trials take place over several days and start
with very small doses before increasing the
dose. The participants are carefully monitored
to make sure their bodies do not over-react to
the vaccine. These trials may be un-blinded
(meaning the patients know whether they are
receiving a placebo or the real vaccine).

In this phase of the vaccine trial, a larger
group of several hundred people are treated
with different doses, schedules and methods

of delivery. These trials are randomised to
different adult age groups and different sexes,
and these trials always include a placebo group.
Pregnant women, children or people with pre-
existing conditions are not included in these
trials. These trials may also be un-blinded.
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Phase lll

Vaccines that pass phase II are then tested on
groups of thousands to tens of thousands of
people. These tests are randomised and double
blind. This means the participants and the
doctors or nurses injecting the participants do
not know whether the treatment is the vaccine
or the placebo (either saline or an unrelated safe
vaccine). This phase is to test for possible rare
side effects that may still occur in healthy people.
This stage is designed to test the following:
> WIill the participant be protected from the
disease’s symptoms?
> Will the participant be protected from
becoming infected?
> Will the participant produce an immune
response?

Stage 4: Regulatory review
stage

If a vaccine is shown to be successful during
the clinical testing stage, the vaccine company
will provide all its data to the Therapeutic
Goods Administration (TGA) for a regulatory
review and approval. The data is equivalent to a
peer review to ensure that the scientific method
had been correctly followed. The TGA must
also approve the method of manufacturing.

Stage 5: Manufacturing and
quality control

Before vaccines can be administered, the
manufacturing process must produce a pure,
sterile antigen. Most vaccines contain a mixture
of substances including the important antigen, an

Retrieve

1 Identify the regulatory body that is
responsible for approving drugs for use
in Australia.

2 Identify what could be used as a placebo
in a vaccine trial.

Comprehend

3 Describe how a vaccine works.

4 Explain why double-blind studies must
be used in the final stage of clinical testing.

5 Use the example of the University of
Oxford and AstraZeneca vaccine to
explain why a control group must match
the age and health of the test group.
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adjuvant (an ingredient to strengthen the body’s
immune response), preservatives (to prevent
bacteria from growing), sugars or oils to stabilise
the vaccine, and a solution to dilute the vaccine.
Each batch of vaccine needs to be tested to make
sure that the manufacturing process is safe.

Fast tracking the process

During 2020, the COVID-19 vaccine approval
process was fast-tracked by checking the
vaccine manufacturing process while the phase
III trials were still being conducted.

The University of Oxford and AstraZeneca
vaccine was one of the first vaccines that went
through this process (Figure 3). This vaccine
was shown to be highly effective when two
doses were given 12 weeks apart. This vaccine
passed the first two stages of the clinical trials
without any difficulties.

However, an error occurred during the
phase III trial. Some of the volunteers (all
under 55 years of age) received a half dose in
the first injection as a result of an error in the
concentration of antigen in the manufacturing
process. Although a half dose was found to
be more effective than the full dose of the
vaccine, the phase III trial still needed to be
repeated because the control group was no
longer matched to the test group. Review by the
regulatory authorities suggested that the small
number of people who received the half dose
first (2741) could not be effectively compared
to those who received the full dose first
(8895). Any differences in participants being
resistant to the symptoms of the disease could
be due to the statistical effects rather than the

effectiveness of the vaccine.
Apply

6 Discuss the importance of ‘informed
consent’ in drug and vaccine trials.

7 Evaluate the ethics of not including
female participants in vaccine trials.
Discuss the benefits and consequences
of this.

@

Quiz me

Complete the Quiz me to check how well
you've mastered the learning intentions and
to be assigned a worksheet at your level.

Y

Exploratory stage

v

Pre-clinical stage
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Clinical development stage
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Regulatory review stage
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31l

Manufacturing and
quality control

Figure 2 The stages for

developing a vaccine
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Figure 3 The University of

Oxford and AstraZenec
vaccine for COVID-19
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//SCIENCE AS
A HUMAN ENDEAVOUR//

6

Ethics are principles that help

us make decisions. There are
different frameworks for thinking
about ethics. For example,
consequentialist ethics considers
the consequences of an action.
Deontological ethics considers
duties or rules when making a
decision. These approaches can
be used to help us decide the right
course of action when the answer
might otherwise be unclear.

Science does not always answer questions.
Sometimes the study of science can cause many
more questions to be asked. An example of this
is the invention of dynamite.

cultural norm

the expectation that you
should behave according
to the values of the people

around you . .
Y Alfred Nobel was a scientist who worked

with the highly explosive nitroglycerine.
Because of an accident in his laboratory, he
experimented on ways to make the nitroglycerine
safer so that it could be used in blasting rock
and drilling tunnels to build a railroad. He
patented this method in 1866. As a pacifist,
he was horrified when his invention was
used in wars. As a result, he used the
wealth that was generated from
his invention to set up the most
important prize in science (and
literature, peace, economics,
etc.): the Nobel Prize.
Although this might sound
like a happy ending, there were
many ethical questions raised by
Nobel’s research.

Ethics

Figure 1 Nobel Prizes are Ethl.CS are a set of 'prmc1p¥e.s that prov1c.1e a way
awarded to people who to think when making decisions. Sometimes
have contributed greatly to When you make a decision, you use the rules
the benefit of humankind. that are written down, such as the school rules

ethics

a set of principles that
provide guidance to
determine what is morally
right and wrong

Scientific investigations
must be ethical

or the laws of the government. Other times
you use the rules that are not written down.
Some rules are set according to what is normal
to the people around you. For example, the
unwritten rules in your science classroom may
be different to the rules in a physical education
class. When playing sport, it might be normal
to yell to a team member, whereas yelling in

a science classroom is not normal. Neither of
these rules are written down; however, everyone
in the class will know them and behave
accordingly. The expectation that you should
behave according to the values of those around
you is called the cultural norm.

The cultural norm in the study of science
has traditionally led scientists to ask and
answer questions. It is only recently that
scientists have started to ask, ‘Even though
we can, should we?’

Ethical
approaches

When answering the question ‘Should we?’,
scientists can use a variety of ethical
approaches. Two of the most common
approaches are consequentialist ethics and
deontological ethics.

CONSEQUENTIALIST ETHICS

The consequentialist approach to ethics
considers the consequences of an action in
order to decide whether an action is good or
bad. This approach can also be described as
‘the end justifies the means’.

If this approach was used by Alfred Nobel,
he might have considered that his 'invention'
was bad, because it had been used to kill many
people, and that the science should therefore
not have been investigated. Alternatively, if the
consequence was setting up the Nobel Prize
that led to increased recognition of science and
scientists, and the promotion of peace, then the
overall action could be considered good.



DEONTOLOGICAL ETHICS

In contrast, the deontological approach to Using this approach, Alfred Nobel did the
ethics considers each action taken according ethically right thing because he wanted to stop

to a set of rules or duties. If an individual did people becoming hurt by unstable nitroglycerine.
the ‘right thing’ at the time, then ethically it is The consequences of this decision are not as
‘good’ despite the outcome. important when using this approach.

Ethical approaches

v v

Consequentialism Deontology
‘the end justifies ‘doing the right thing
the means’ regardless of consequences’
Are the consequences Are the actions
good or bad? involved good or bad?

Figure 2 A consequentialist approach to ethics considers the consequences. A deontological
approach considers duties and rules.

1.6 Test your skills and capabilities (2]

Applying ethics > describe the decision you would make
Using different ethical approaches can lead > explain the reasons for your decision.
to different opinions about what is right and Is it ethical to:

wrong. When this occurs, there is not always a dissect humans post-mortem to

a single correct answer to the ethical dilemma. determine the cause of their death
Instead, the consequentialist and deontological b test vaccines on animals to determine
approaches can be used to understand the the safety of the vaccines

reasons for the different opinions and to
provide a common base to discuss the ethical
decision that each person would make. d

c test new drugs on humans to
determine the safety of the drugs
use foetal cell lines in the development

1 Consider seven ethical problems that o vEeaineEs

occur in science (see the following list).
For each problem:

dissect animals in science classes

f develop new flexible plastic moulds
(to make ceramic false teeth) that do
not degrade

> use consequentialist ethics to identify
the issue
> use deontological ethics to describe

. g use First Nations peoples knowledge
the issue

to develop a commercial product
> identify any conflicts between the without their permission?

two approaches




Learning intentions

By the end of this
topic, you will be
able to:

* recognise the
cognitive verb
in a question

e understand
the different
tasks involved
for different
cognitive verbs.

cognitive verb

a doing word that requires
you to perform a specific
thinking task

cognition

mental processes that are
involved in acquiring,
storing, manipulating and
retrieving information

Cognitive verbs identify the
tasks In a question

Key ideas

e Cognitive verbs are instructive words that require specific types of mental processes to

perform set tasks.

e Cognitive verbs can be grouped into categories based on the level of cognition required to

perform the task.

Cognitive verbs

Cognitive verbs are instructive words that
require specific types of mental processing
or ‘cognition’ to perform set tasks. For
example, the word ‘explain’ is a cognitive verb
because it requires you to first recall what you
understand about something and then reframe
that understanding into clearer succinct terms.
Cognitive verbs are often used in questions
which means you will encounter a variety of
different cognitive verbs in school as you learn
new information and undertake assessments.
Familiarising yourself with different cognitive
verbs and the tasks and thinking processes
behind them can help you determine how to

Figure 1 Familiarising yourself with different cognitive verbs can help you
answer questions and improve your learning.
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best respond to a question. An understanding
of cognitive verbs can be the difference
between achieving partial or full marks on
an important exam or assessment question.
Common cognitive verbs and the task/s
associated with them are given in Table 1.

Some cognitive verbs require multiple or
more complex cognitive processes than others.
For example, if you were asked to name the
two fruits in Figure 2, you may instantly recall
‘apple’ and ‘orange’. However, if you were
asked to compare the two fruits, you would also
need to consider the two fruits and identify at
least one similarity and one difference between
them. In this sense, ‘compare’ involves more
cognitive processes than ‘name’.

Table 1 shows four different categories
of thinking processes that can be used to
categorise cognitive verbs. These are retrieve,
comprehend, analyse, and apply. When
learning new information, a ‘retrieve’ question
will often come before an ‘apply’ question.
This is because a retrieve-type question
relies on you to recall information which is
one type of mental process. However, an
apply-type question requires you to not only
recall information but also to interpret that
information and determine how it can be used
for a specific situation. Answering questions
in order of increasing cognitive processes can
support the way you acquire and understand
new information.

Figure 2 Two healthy fruits
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Table 1 Common cognitive verbs and their tasks

Cognitive verb

Task

Category

Define give the meaning of a word Retrieve - Recall information
Identify recognise and state a distinguishing factor or feature from permanent memory.
Name provide the correct term or noun
Recall present remembered ideas, facts or experiences
Use operate or put into effect
Select pick out
Describe give an account of a situation, event, pattern or process, or of the characteristics Comprehend - Activate and
or features of something transfer knowledge from your
Explain make an idea or situation plain or clear by describing it in more detail or permanent TR I OU
revealing relevant facts el dng MeTien:
Summarise give a brief statement of a general theme or major point/s; present ideas and
information in fewer words and in sequence
Calculate determine or find (e.g. a number, answer) by using mathematical processes Analyse - Use your reasoning
Categorise place in or assign to a particular class or group Iguggohi)eyond what was directly
Classify arrange, distribute or order in classes or categories according to shared
qualities or characteristics
Compare display recognition of similarities and differences and recognise the significance
of these similarities and differences
Contrast give an account of the differences between two or more items or situations
Distinguish recognise as distinct or different; note points of difference between
Interpret use knowledge and understanding to recognise trends and draw conclusions
from given information
Create reorganise or put elements together into a new pattern or structure Apply - Use your knowledge in
Discuss examine by argument; sift the considerations for and against; talk or write specific situations.
about a topic
Evaluate examine and determine the merit, value or significance of something
Elaborate investigate, inspect or scrutinise
Justify give reasons or evidence to support an answer, response or conclusion
Predict give an expected result of an upcoming action or event
1 Define the term ‘cognitive verb’. 5 After conducting an experiment on how temperature

2 Identify the cognitive verb that requires you to ‘display
recognition of similarities and differences and recognise
the significance of these similarities and differences’
and identify the category of thinking processes the
verb belongs to.

affects the plant growth of corn and beet plants, a

student was asked to ‘discuss which plant would be
more suitable to grow in a hot environment’. Their
response was, “The corn would be more suitable to

grow in a hot environment’. Evaluate whether the
student has correctly answered the question.

3 Explain in your own words what is required to

Correctly answer:

Quiz me
a an ‘evaluate’ question @ Complete the Quiz me to check how well you've mastered

b a qustify’ question
¢ a ‘predict’ question.

your level.

4 Compare the terms ‘contrast’ and ‘distinguish’.

OXFORD UNIVERSITY PRESS

the learning intentions and to be assigned a worksheet at
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Identify the section of a written report that contains the
analysis of data.

method
results
discussion

conclusion

A double-blind study occurs when:

neither the patient nor the treating doctor knows
if the patient is receiving the placebo

the patient does not know if they are receiving
the placebo

a placebo is used on test animals

a placebo is being used.
Identify which of the following could be used to
describe deontological ethics.

survival of the fittest

the end justifies the means

a rules-based approach

a common good approach
Define the term ‘confirmation bias’.

Define the terms ‘independent variable’ and
‘dependent variable’.

Define the term ‘ethics’.

Identify and describe three different types of bias that
can occur in scientific investigations.

Describe how a vaccine protects a person from
becoming sick from a disease.

Explain why a placebo may be used in a clinical study.

Explain the term ‘confounding variable’ and provide an
example.

Describe the three phases of a clinical trial for
drugs or vaccines.

Use an example to explain the term ‘cultural norm’ (by
defining the term, describing an example and comparing
the example to the definition).

Explain what is meant by the term ‘valid experiment’ (by
defining valid experiment and describing the factors that
affect the validity of an experiment).
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Describe how the selection of people for a sports
team could be randomised (by defining ‘randomisation’
and describing how it can be used to select people for
the team).

Year 12 exams must be marked by someone who does not
know the student. Use your knowledge of bias to explain
the purpose of this rule.

A customer wrote the following review on a restaurant’s
website.

“The food was excellent, and the atmosphere was
amazing. Our chef is the best chef in town.’

Identify what feature of the review might suggest that the
person who wrote it might be biased.

A scientist wanted to investigate if the angle of a ramp
affected the time it took for a ball to reach the bottom
of the ramp. Identify the independent variable and the
dependent variable for this experiment.

Classify each of the following cognitive verbs into the
category (retrieve, comprehend, analyse, apply) they
belong to.

summarise

select

define

compare

discuss

Calculate the mean, median and mode for the following
values. (Express your answers in significant figures.)

14.0, 19.76, 33.1, 26.187, 105.7, 59.0, 73.97

Compare consequentialist ethics and deontological ethics
(by defining both terms, describing their similarities and
describing their differences).

Contrast methodology and method (by defining both
terms and emphasising how they are different).

Compare the methodologies of modelling and
case studies.

A manufacturer claimed that their antibacterial wash killed
99% of all bacteria.
Rewrite this claim as an operationalised question.
Construct a hypothesis for this question.
Identify a methodology that could be used to test
this hypothesis.
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Identify the independent variable and the dependent

variable for this investigation.

e Identify three variables that you will need to control 28
in this experiment.

f Describe a negative control and a positive control

that you will need to use in this experiment.

g Describe the method you will use for this investigation
and justify why you have selected the method.

29

Social and ethical thinking

ClassDojo is a popular online tool that allows a teacher
to record what occurs in the classroom. This can include
students’ marks, behaviour and current activities.

This information is then converted into a ranking that

is shared with the students and parents. The schools

and teachers that use this tool claim that it improves

the classroom environment by providing feedback

to students and parents. Use two ethical approaches

to evaluate this online tool (by defining both ethical
approaches, using each approach to identify and explain
the key ethical issues in the online tool, and deciding
which ethical approach is similar to your values).

A scientist wanted to test whether a particular drug
was effective in preventing Alzheimer’s disease. The
scientist recruited a series of volunteers who had just
been diagnosed with the disease and compared them to
a control group of volunteers with no family history of
Alzheimer’s disease. Propose how the scientist should
modify this experiment to prevent bias in the test.

Critical and creative thinking

Figure 1 It is important to check manufacturers’ claims before 30

purchasing products.

24 Identify a potential random error and a systematic error
for the investigation you designed in question 23. Discuss
how you could minimise these errors.

25 A consumer scientist wanted to test the effect of a lotion for
treating acne. At first, they tested the lotion on a group of
20 teenagers, all aged 15 years old, but then they decided
to conduct some more tests on 100 14-year-olds. Suggest
how to improve the reliability of this experiment (by
defining ‘reliability’, identifying one way the experiment is
not reliable and describing how this can be improved).

26 A scientist set up an experiment that had seven samples
from a control group and seven samples from a treatment
group. There are two possible ways to measure the samples:
> Method A: In a random order.
> Method B: Alternating the control group and the

treatment group.
Evaluate which method would be the most appropriate
to avoid bias (by describing the way the scientist could
be affected by bias in each method and deciding which
method would have the least bias).

Create a mind map that identifies the links between each
of the glossary terms used in this chapter.

OXFORD UNIVERSITY PRESS

A new vegetarian dog food claims to give improved coat
condition within two weeks. Propose how you would
evaluate this claim.

s’

Figure 2 Can vegetarian dog food improve coat condition within
two weeks?



Research

Choose one of the following topics for a research project.
Some questions have been included to help you begin
your research. Present your report in a format of your
own choosing.

Causation versus correlation

The terms ‘causation’ and ‘correlation’ can seem like
they are very similar. If the independent variable
increases at the same rate as the dependent variable,
then the two variables are described as positively
correlated. This does not mean that the independent
variable causes the change in the dependent variable.

Define the terms ‘causation’ and ‘correlation’.
Compare the two terms.

Describe an example where a positive correlation
does not mean one factor causes the other to change.

Describe one example of causation.

Pharmaceutical bias
Some pharmaceutical companies sponsor medical
conferences in exotic locations around the world. They
may pay for doctors’ flights, accommodation and food
during the conference.

Explain why some doctors may refuse to attend
these conferences.

Explain how attendance at these conferences could
affect the care of a patient.

Describe one way a pharmaceutical company could
promote their product without causing bias.

J
]
v )%JJ )J
@20
- <

)W/

Figure 3 What issues could arise from a pharmaceutical
company sponsoring a medical conference?

OXFORD SCIENCE 10 AUSTRALIAN CURRICULUM

Ethical machines

Quantum computers use quantum circuits that are
based on qubits. These circuits are enabling computers
to learn from data and to make decisions based on
this data. These decisions can include deciding the
diagnosis and treatment of diseases in a hospital and
deciding if a criminal is guilty and how long they
should spend in jail. One of the difficulties of this
machine learning is the type of data that should be
used to teach the machine.

Identify and describe the ways machine learning is

used to make decisions.

Identify the possible biases that could be entered

into the quantum computer with the data.

Explain how each bias would affect the

decisions made.

Use the different ethical approaches to discuss the

advantages and disadvantages of using machine

learning for these decisions.

Figure 4 Quantum computers use circuits that allow the
computer to use data to learn and improve functionality.

OXFORD UNIVERSITY PRESS



Chapter checklist

Now that you have completed this chapter, reflect on your ability to do the following.

¢ Operationalise a question.

e Form a hypothesis.

e Explain how to plan and conduct a scientific investigation.
e Describe what a logbook is and how to use it.

e Explain how scientists communicate when writing reports
for different audiences.

¢ Define independent, dependent, controlled and confounding
variables.

e Describe valid experiments, reliable experiments and
control groups.

¢ Describe how bias can affect the design of an experiment
and the analysis of data.

e Explain how graphs can be used to present and
analyse data.

¢ |dentify and explain the five stages of developing a
new vaccine.

¢ Describe deontological and consequentialist approaches
to ethics.

e Apply ethical approaches to practices in science.

¢ Recognise the cognitive verb in a question.
¢ Understand the different tasks involved for different
cognitive verbs.

Check your Student obook pro for these

digital resources and more:

| can do this.

[

Quizlet

Play a Quizlet game to test
your knowledge.

@ Chapter quiz
Check your understanding

of this chapter with the
chapter review quiz.

[

| cannot do this yet.
Go back to Topic 1.1 ‘There are many
types of scientific investigations'.
Page 4

Go back to Topic 1.2 ‘Scientists
communicate using scientific language’”.

Page 6

Go back to Topic 1.3 ‘Experiments must
be controlled".

Page 8

Go back to Topic 1.4 ‘Data can be
analysed’.

Page 10

Go back to Topic 1.5 ‘Clinical testing
uses the scientific method'.

Page 14

Go back to Topic 1.6 ‘Science as
a human endeavour: Scientific
investigations must be ethical.

Page 16

Go back to Topic 1.7 ‘Cognitive verbs
identify the tasks in a question’.

Page 18

CHAPTER 1 SCIENCE TOOLKIT
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2.8

2.9

2.10

2.11

Alleles for blood group traits
co-dominate

>

Describe the different genotypes and
phenotypes of human blood groups.
Explain the function of different blood
groups and Rhesus markers and their
importance.

Predict the inheritance of co-dominant traits
using Punnett squares.

Alleles on the sex chromosomes
produce sex-linked traits

>

Identify a trait as one of the four patterns
of inheritance (autosomal dominant,
autosomal recessive, X-linked dominant
and X-linked recessive).

Explain how and why sex-linked traits are

inherited differently in males and females.

Describe how different sex-linked traits
such as haemopbhilia and red-green
colour blindness are inherited.

Inheritance of traits can be shown on
pedigrees

>

Analyse and interpret pedigrees
to determine if a trait is dominant,

recessive, autosomal or sex-linked.

Analyse and interpret pedigrees to

predict whether an individual will inherit
a disease.

Mutations are changes in the
DNA sequence

>

>

Distinguish between genetic and

chromosomal mutations.

Explain how substitution and frameshift
mutations alter nucleotide and amino

acid sequences of a protein.

2.12

213

2.14

Science as a human endeavour:

Genes can be tested

> Describe the purpose of genetic
screening and testing.

> Provide examples of diseases that
are screened for.

Science as a human endeavour:

Genes can be manipulated

> Explain the human need for
selected GMOs to be produced.

> QOutline how a desirable gene can
be inserted into a plant cell.

Science as a human endeavour:
Genetic engineering is used
in medicine

> Outline the process of gene cloning.
> Explain how gene therapy can be
used for medical treatment.

> Describe the different types of stem
cells and their uses in medicine.

What if?

Genetic chance
What you need:

Coin (or plastic counter with ‘Heads’ written
on one side and ‘Tails’ written on the other)

What to do:

1 Toss the coin (or counter) five times and record
the results in a table.

2 Predict how many heads or tails will land for
the next five tosses.

What if?

» What if heads represented the chance of having
a daughter and tails represented the chance of
having a son? (Would this change the outcome?)

What if heads represented the chance of
having red hair and tails represented the
chance of having black hair?

What if you had a coin with two heads (for
red hair)?




//SCIENCE AS
A HUMAN ENDEAVOUR//

Sclentists review the

2.1

Learning intentions

By the end of this
topic, you will be
able to:

explain the
principles of
segregation and
independent
assortment
describe the
contributions

of different
scientists,

including
Franklin and
Watson and
Crick’s research
on DNA.

Figure 1 Gregor Johann
Mendel, 1822-1884,

is known as the father
of genetics.

gene

basic unit of genetic
material passed on from
parents to offspring

research of other scientists

Scientific understanding is constantly
being reviewed and refined.
Sometimes scientists collaborate
and sometimes scientific teams
‘compete’ to make discoveries first.
The scientific understanding of genes
and DNA is no exception.

Gregor Mendel

Gregor Mendel was an Austrian monk and
scientist (Figure 1). He is known as the ‘father
of genetics’ because he was the first person to
make accurate conclusions about how genetic
information is passed from parents to offspring.
Mendel loved experimenting with peas —and he
did many experiments in his garden.

Before Mendel (in the early 1800s), it was
thought that children inherited a mixture of
characteristics from both their parents,
resulting in a mixture of looks, in the same
way that mixing red and yellow paint produces
orange paint. It was thought that you could not
separate the pure red or yellow forms again.
Mendel discovered that the different ‘factors’
could be separated again.

Mendel observed the inheritance of
different characteristics in pea plants, such as
seed colour, pod shape and height (Figure 2).
From his observations he accurately concluded
that ‘factors’ (now called genes) existed in
pairs, one from each parent. Genes control the
characteristics of the cells, and therefore the
characteristics of each person.

The importance of Mendel’s research
was not realised at the time, even by Mendel
himself. When he sent his research to Charles
Darwin (responsible for the theory of
evolution), the letter remained unopened until
after Darwin’s death. It wasn’t until the early
1900s when three other scientists repeated
Mendel’s experiments that he was given
credit for the two key principles of genetics:
segregation and independent assortment.

PRINCIPLE OF SEGREGATION

Traits or characteristics of living things exist
in pairs of factors. These factors must become
separated or segregated before they can be
passed on to offspring. Every organism inherits
one set of factors from their mother and one set
from their father.

PRINCIPLE OF INDEPENDENT
ASSORTMENT

The inheritance of one set of factors from one
parent is independent from the inheritance of
other factors. So, just because you inherit one
factor (e.g. blue eyes) from your mother, that does
not mean you inherit all other factors from her
(e.g. her blonde hair and small nose). Factors are
usually inherited independently from each other.

For almost 70 years after Mendel’s death,
the identity and chemical structure of these
factors remained unknown. Today we know the
factors as genes made up of DNA.

Seed shape Spherical 0\Wrinkled
Seed colour o Yellow .Green
Flower colour ‘ Purple White
Pod shape Zﬂated 4115tricted
Pod colour Green tellow

Flower position i Axial i Terminal
Stem height ; Tall

Figure 2 The seven traits, or characteristics, of
pea plants studied by Mendel

Short



2.1: Extracting DNA

EXPERIMENT  STFITTPrI)

Watson and
Crick's double
helix discovery

James Watson was a young chemist from the
United States who went to the University of
Cambridge, in the United Kingdom. There
he met Francis Crick, an English physicist
(Figure 3). Watson and Crick were theoretical
scientists. This meant they did not complete
any experiments themselves. Instead, they
used the experimental results from other
scientists (Linus Pauling, Erwin Chargaff

Rosalind Franklin

Rosalind Franklin had wanted to study science
since the age of 15 and eventually earned
her doctorate in physical chemistry at the
University of Cambridge in 1945 (Figure 4).
In 1951, she began work in John Randall’s
laboratory at King’s College in London. When
Franklin started work in Randall’s laboratory,
Maurice Wilkins (another scientist working on
DNA) was away. When Randall gave Franklin
responsibility for part of the DNA project,
no one had worked on it for months. When
Wilkins returned, he misunderstood her role,

Figure 4 Rosalind Franklin

)

and Rosalind Franklin) to develop their own
models and theories. They worked as a team

to unravel the secret of the structure of DNA
(deoxyribonucleic acid), which they identified
as a double helix (two-stranded spiral) in 1953.

treating her as though she were a technical > =
assistant. His mistake was not surprising given ‘{ }‘ '
the situation for women at the university at the -« -
time. Only males were allowed in the university
dining rooms, and after hours Franklin’s
colleagues went to men-only pubs.

Between 1951 and 1953, Franklin was
able to improve the quality of the photographs
she took of DNA crystals. While she was out
of the laboratory, Wilkins showed Watson
photograph 51, one of Franklin’s best
crystallographic images of DNA (Figure 5).
When Watson saw the picture, he was able
to imagine the structure of DNA that he and
Crick had been working on. They quickly
completed their model and published the
result in the journal Nature. Franklin’s work
appeared as a supporting article in the same
issue of the journal.

Figure 5 Photograph 51:
the X-ray crystallography
image of DNA taken by
Rosalind Franklin

DNA (deoxyribonucleic
acid)

a molecule that contains all
the instructions for every
job performed by the cell;
this information can be

Figure 3 James Watson and Francis Crick passed from one generation

with their DNA model

2.1 Test your skills and capabilities (2]

to the next

Acknowledging the work of others > describing the issue from the point of view of
Plagiarism involves presenting someone else’s ideas or work Franklin

as your own. It can be as obvious as directly copying, or > describing the issue from the point of view of
it can include taking their ideas and using them in a very Wilkins, Watson and Crick

similar manner. In the art or fashion industries, it could > deciding which view has greater importance.
be copying the style of a painting or dress. In the science a  Should Wilkins have shown Watson and Crick
world, it can involve using someone else’s results without photograph 51?

acknowledging their contribution. If a student or a person b Franklin was considered a brilliant scientist and

employed at a university is found to have committed
plagiarism, they can be expelled or sacked.

a kind-hearted woman; however, she is also
described as short tempered and stubborn. Some
of her fellow scientists (including Wilkins) found
her difficult to work with. If Franklin had been
given a choice, should she have shared her results
with other scientists?

Wilkins showed Franklin’s results to Watson and Crick
without her knowledge. Watson and Crick then used her
photo to create and publish their DNA model without
acknowledging Franklin’s contribution.

Should all scientists share their results with
each other? If so, then how should the work be
acknowledged? Provide reasoning to justify
your answer.

1 Evaluate one of the following ethical issues that arises c
from this discovery by:
> describing the ethical approach you are using
(e.g. consequentialist or deontological)




nucleotide
a subunit of a nucleic acid

Figure 1 Nucleotides:
the building blocks or
subunits of DNA

Phosphate

Deoxyribose
sugar

Phosphate

Deoxyribose
sugar

Adenine

Guanine

DNA consists of a sugar-
phosphate backbone

and complementary
nitrogen bases

Key ideas

¢ Genes are made of a chemical called deoxyribonucleic acid (DNA).

e The DNA molecule consists of two long, thin strands of complementary nucleotides that

are held together by hydrogen bonds.
e DNA s a double-helix shape.

Your DNA blueprint

DNA is like a blueprint, or set of plans, for
every structure and function in an organism.

It contains a code unique to each individual
that can be passed from parents to children,
generation after generation, with little or no
change. Every cell in your body (except red
blood cells) contains the same identical

DNA molecules. The DNA in your body is
99.9 per cent identical to the person next to you.
It is only very small differences in the code that
give your hair, eyes and skin their unique colour
and texture. Understanding of the structure of
DNA allows us to explain the similarities and

differences that exist between and within species.

Phosphate

Deoxyribose
sugar

Phosphate

Cytosine

Deoxyribose
sugar

28 OXFORD SCIENCE 10 AUSTRALIAN CURRICULUM

Structure of a nucleotide

Each DNA strand is like a necklace of beads.
The individual ‘beads’ are called nucleotides.
These are the subunits or building blocks of
DNA (Figure 1).

A nucleotide is a complex molecule
composed of three smaller parts:
> anitrogen base (sometimes just called a ‘base’)
> asugar molecule (deoxyribose)
> aphosphate molecule.

In DNA there are four different types of
nitrogen bases:
cytosine (C)
thymine (T).

These four nitrogen bases are what defines
the four different nucleotides (or ‘beads’) that
make up the DNA.

> adenine (A) >

> guanine (G) >

Structure of a polynucleotide
chain

When nucleotides (or ‘beads’) join together,
they form a long polynucleotide chain called a
nucleic acid. DNA is a nucleic acid.

The nucleotide ‘beads’ in the long nucleic
chain are joined together by their sugar and
phosphate groups. The sugar of one nucleotide
is joined to the phosphate of the next nucleotide.
This forms a sugar—phosphate backbone, like
the sides of a ladder (Figure 2).

Double helix

The sugar—phosphate backbone of one nucleic
acid chain is attracted to a second nucleic acid
chain, creating a ladder-like structure.

OXFORD UNIVERSITY PRESS



2.2: Modelling the structure
of DNA

CHALLENGE Go to page 229.

Hydrogen bond

A

y

Nucleotide !

b

Sugar—-phosphate
backbone
Figure 2 Nucleic acids such as DNA are made of a
together through a sugar-phosphate backbone.

The ‘rungs’ of the ladder are made up
of hydrogen bonds (relatively weak bonds)
between the nitrogen bases. A large nitrogen
base (adenine or guanine) is always bonded
to a small nitrogen base (thymine or cytosine)
because this gives the correct amount of space
between the strands.

The four different types of nitrogen bases link
in a specific way: adenine (A) always pairs with
thymine (T) and cytosine (C) always pairs with
guanine (G) (Figure 3). These base pairs (G-C
and A-T) are called complementary bases or
complementary base pairs. This means that one
nucleic acid strand will be complementary to the
other strand.

2.2 Check your learning

Retrieve
1 Define the term ‘nucleotide’.

Comprehend

2 Explain how nucleotides join
together to form polynucleotides.

PH Sugar

(6]

Phosphate group

chain of nucleotides joined

Nitrogenous

Sugar—
phosphate
backbone

Base pair

bases

Figure 4 The DNA double helix. If you picture the
DNA molecule as a twisted ladder, the sides are
sugar and phosphate molecules and the rungs are
pairs of nitrogen bases.

The two nucleic acid strands then wind into

a double helix — the twisted ladder (Figure 4).
DNA molecules have two vital properties.

new DNA molecule.

DNA can make copies of itself: if two strands
unwind, each strand can be used to make a

hydrogen bond

a type of weak chemical
bond between two groups
of atoms; the bond between
two nitrogen bases in the
DNA helix

DNA can carry information: the order of

bases along a strand is a code for making

proteins.
G C C C A
c G G G T

Figure 3 DNA bases always pair as guanine with

complementary base

T A A T a nucleotide base that pairs
with its partner nucleotide

| | | | on the alternative DNA

A T T A strand; adenine pairs with

thymine, cytosine pairs
with guanine

cytosine and thymine with adenine.

5 Describe how the order of the
bases on one polynucleotide chain
determines the order of the bases

on the other chain.

Analyse
6 Identify the complementary DNA

3 Explain how two polynucleotides
can twist helically around each other segLenee 9 GNTAGTLICAGHL.
to form a double helix of DNA. Apply
4 Describe the part of the DNA 7 David recorded the following
molecule that varies. Identify the answer as the complementary
part that remains constant.
OXFORD UNIVERSITY PRESS

(2

DNA sequence for question 6:
TGACCGATTG.

Discuss why David’s answer is
incorrect. Identify where he has
gone wrong.

@

Quiz me

Complete the Quiz me to check
how well you've mastered the
learning intentions and to be
assigned a worksheet at your level.

CHAPTER 2 GENETICS 29



Chromosomes carry
genetic information in the
form of genes

Key ideas

e Each cellin your body (except red blood cells) contains 46 chromosomes.

e Chromosomes can be arranged from largest to smallest to form a karyotype.
e [Females have two X chromosomes; males have an X and a Y chromosome.

e Genes are sections of DNA that have a function.

¢ DNA cannot leave the nucleus of a cell.

Chromosomes and genes How we relate
Inside the nucleus of a cell are the chromosomes. Ch romosomes to D NA

: Chromosomes are made up of DNA molecules . ..
Video 2.3 tiehtl d 4 . p DNA is found inside a cell’s nucleus, and looks
i wound around proteins. . . . . .
Chromosomes gnty P ) a little like a pile of wool. By the time a cell is
There are 46 chromosomes in a human ready to divide, the DNA has copied itself and
chromosome nucleus: 23 of them come from the mother and the chromosomes can clearly be seen under a
the form of DNA that 23 from the father. Along the length of each microscope
is tightly wound around chromosome, in specific positions, are the genes. A simple equation to understand the
teins bef licati i i i . . .
proteins belore replication Ch?omosomes can be orgzjlmsed Into pairs relationship between DNA and chromosomes is:
karyotype according to length and banding patterns.
a way of representing Pairs of matching chromosomes are called A single chromosome = a molecule of DNA
a complete set of homologous. A picture of all the homologous (a DNA helix)
chromosomes, arranged chromosomes in a cell, arranged from largest to

10 pairs, 1 O,rder of smallest, is called a karyotype (Figure 1).
decreasing size

I\
XXX KX K

12

7@*)(3{ J{X%

16 17 18

K X w w X
20 21 22 X X Y

Figure 1 Pairs of chromosomes are often referred to by numbers according to their size - the largest
pair is number 1. The last two chromosomes determine the sex of an individual. Human females have two
X chromosomes, and males have one X and one Y chromosome. This karyotype is from a female (XX).
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Cell Chromosome DNA

—_—
molecule Q

Nucleus /

Centromere — Chromatid
Sk ~
/ \

’ \ -’

-’ Gene 3
Figure 2 The relationship between DNA and Figure 3 An X-shaped chromosome is made up of Figure 4 The relationship
chromosomes sister chromatids joined at the centromere. between DNA and genes

Chromosomes may be a single helix or a 2w chromatid
pair joined at the centromere (a duplicated ‘ one side of the X-shaped
. chromosome that contains

chromosome). The two joined strands are .
. . . . a double helix of DNA
identical to each other. They form during Retrieve
DNA replication so that two identical copies 1 Identify the number of chromosomes

are produced. Each strand of a duplicated
chromosome is called a chromatid. The
two chromatids are joined at the centromere
(Figure 3).

If the DNA in a single chromosome was
unwound, it would be 5cm long. With 46
chromosomes in the average human cell, this
means all the unravelled DNA in a single cell

in each of your cells.
Define the term ‘karyotype’.

3 State the names of the nitrogen bases
that are represented by the letters A, T,
G and C.

4 Identify the nitrogen bases that are
complementary to A, T, G and C.

would be approximately 2m long! The DNA Comprehend
fits inside the cell because the DNA molecules 5 Describe how DNA is like a string
are tightly wound around small proteins called of beads.
histones. These histones stack tightly together Anal Figure5 The sequence
and only unwind when the instructions they natyse of bases on DNA'is the
carry are needed by the cell. 6 Compare DNA, chromosomes and coding system for life.
The sequence of bases
genes.
shown here comes from
How we relate genesto DNA  Appyy the DNA in adenovirus
. . . 7 This toni T — £ types 5and 2. These
DNA in chromosomes consists of sections, and 18 TOp1C compare € struc ur.e o viruses cause a range
each section is a gene (Figure 4). Some genes chromosomes, genes and nucleotides to of illnesses, including
have 250 nucleotide ‘beads’, whereas other genes sentences, words and letters. Evaluate colds, sore throats and
have over 2 million nucleotide ‘beads’. The order this comparison (by comparing the diarrhoea.
of the nucleotides (with the nitrogen bases A, T, similarities and differences between each
G or C) in each gene contains information for group of terms and deciding if there are
one characteristic or trait. For example, a gene more similarities than differences).

may have information for making the pigment

melanin, which gives our skin colour. Another

gene may have the information for making @ Quiz me '

keratin for hair and nails. So a chromosome, Comptete the Quiz me to check how well
K K L you've mastered the learning intentions

which contains many genes, is like a sentence and to be assigned a worksheet at your

with a lot of words (genes) made up of alphabet level.

letters (nucleotides).

OXFORD UNIVERSITY PRESS 3 1



DNA holds the code for
" building proteins

Learning intentions Key ideas
By the end of this  Transcription is the process of copying genetic information from DNA into mRNA.
tObFi'Ci you will be e Translation is the process of decoding mRNA to form a protein.
able to:
e explain the role
S Genetic code How genes make protein
in the processes
of transcription One major feature of DNA is its ability to To make protein, the DNA molecule unwinds
and translation. replicate itself; another feature is its ability to and one strand acts as a pattern or template to
carry the genetic coding system for making form a molecule of messenger RNA (mRNA,
proteins. The order of the nucleotides on messenger ribonucleic acid; Figure 2).
genetic code the DNA strands is the genetic code for an
the sequence of nucleotides organism. R N A
in DNA, inherited from p . .
The genetic code has the instructions to RNA contains a ribose sugar, unlike DNA

t i . . .
parent organisms make a protein (Figure 1). Some proteins (such

as collagen) prov1c'ie support for cells in the nitrogen bases of RNA are adenine, cytosine,
body. Other proteins are enzymes that help us guanine and uracil (not thymine). Messenger

digest food and speed up the chemical reactions RNA (mRNA) plays a key role in protein
of our metabolism.

which has a deoxygenated ribose sugar. The

synthesis. mRNA acts like a photocopy of the
DNA molecule

original DNA blueprint.
\Q RNA
& Gene 1 (single-stranded)
@ 3
0 % v
0 S O\\ 0 Base

DNA strand 3’ 50 Ribose sugar

(template)
Qg O 0
N/
P Phosphate group
O~ (@] O
Transcription CH,
mRNA !

L O HeA

Amino acid
Figure 1 Protein synthesis. A complementary strand of mMRNA is made QH
(G-C and A-U). The mRNA leaves the nucleus and is used to form a protein. 3
(Trp = tryptophan; Phe = phenylalanine; Gly = glycine; Ser = serine) Figure 2 The structure of RNA
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2.4: Making protein
SLURESYWCREY Go to page 230.

Transcription trapseription
the process of copying
The process of making an mRNA copy A M the DNA that makes
from a DNA strand is called transcription. up a gene to messenger
Transcription takes place in the nucleus and ) — Codon 1 RNA
involves a number of stages. G
1 DNA is ‘unzipped’, unwinding the two —
strands. o
2 An enzyme called RNA polymerase moves C — Codon 2
along the exposed gene on the DNA strand. G
As it goes, it joins together free RNA —
nucleotides (C, G, A, U), which form the G
strand of mRNA. The mRNA nucleotides A L Codon 3
are complementary to the DNA nucleotides.
3 The RNA polymerase detaches once the G,
mRNA strand is complete. The two DNA C T
strands re-join.
U — Codon 4
Translation U,
The next process of forming a protein from C T
RNA is called translation. o Lt Codon 5 translation
Unlike DNA, mRNA can leave the nucleus the formation of a
and attach to a ribosome in the cytoplasm. G . | protein from BNA;
The mRNA now °tells’ the ribosome the order A ] oceurs on a ribosome
in which to connect the amino acids that will
make up a protein. G — Codon 6
The nitrogen bases on the mRNA are read C
in groups of three called codons. Each codon — codon
corresponds to a single amino acid. v a group of three
Amino acids are brought to the ribosome A — Codon 7 nucleotides on mRNA
by another type of RNA called transfer G
RNA, or tRNA. The amino acids join in a —
chain according to the order specified by the mRNA
sequen'ce of c'odons in the mRNA. Eve?ntually Figure 3 Each codon codes for a specific amino
the amino acids form a long chain, which acid. Proteins are made up of long chains of
becomes the final protein (Figure 3). amino acids.
2.4 Check your learning K
Comprehend 5 Identify the mRNA sequence for the

template DNA sequence GTTAGCCAGT.

1 Describe the process of translation in i o :
(Remember to pair uracil with adenine.)

your own words.

2 Explain the role that mRNA plays in Apply
the conversion of DNA information 6 The human body can make 10 of the
into protein. 20 amino acids that it needs to survive.
Analyse Discuss why it is important to eat a

5 iy e Sstmes GF DA gl balanced diet that includes protein.

RNA. (You may like to draw a Venn Quiz me
diagram for this task.) @ Complete the Quiz me to check how well
4 Contrast transcription and translation. you've mastered the learning intentions and

to be assigned a worksheet at your level.
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@a Interactive 2.5
Mitosis

somatic cells

the body cells except
gametes (egg and sperm)
mitosis

the process of cell division
that results in genetically
identical daughter cells;
allows growth and repair

cytokinesis

the splitting of a replicating
cell into two cells

diploid

containing two complete
sets of chromosomes

interphase

a phase of cell life where
normal functioning occurs

Mitosis
e

Cytokinesis

Interphase

Figure 1 The cell cycle;
cells spend most of their
life in interphase, when
normal cell functioning
occurs.

Mitosis forms new

somatic cells

Key ideas

e Most of the cells in your body are somatic cells (all except sperm and egg cells).

e Somatic cells are diploid, which means they carry two sets of genetic material - one from

the mother and one from the father.

e Mitosis is the division of the genetic material to produce two genetically identical nuclei.

Mitosis is cell division
that does not change the
number of chromosomes

Every organism needs to grow and repair
damage throughout its lifetime. This means
cells need to reproduce. Somatic cells are all
the cells in the body except for the egg and
sperm cells (which are called gametes). When
somatic cells reproduce, they undergo a process
called mitosis.

Mitosis is a part of cell division where one
parent nuclei divides to form two genetically
identical daughter nuclei. Once the nuclei
have divided, the rest of the cell will divide
into two in a process called cytokinesis. In
humans, this means the parent cells have 46
chromosomes and the daughter cells each have

Interphase
The normal life
of the cell

5 Cytokinesis

Cytoplasm WA Sl
g \

divides; two

daughter cells

are produced

4 Telophase
Nuclear
membranes
re-form

Early prophase

46 chromosomes or 23 pairs of chromosomes.
Each set of 23 chromosomes comes from a
parent (23 from the mother and 23 from the
father). When a cell has two complete sets of
chromosomes, they are described as diploid.

Cell division is essential for an organism to
grow or to repair damage. In humans, intestine
cells replace themselves every 4 days, skin cells
every 3 weeks and bones every 7-10 years.
This means the body is constantly undergoing
mitosis and cytokinesis.

Most of the time, cells are not dividing and
are in the phase called interphase (Figures 1
and 2). During this phase, the cells do everyday
processes such as making proteins. Cells will
only start mitosis when new cells are needed.
Before mitosis begins, the cell must make new
copies of DNA.

1 Prophase
* Chromosomes appear
* Nuclear membrane disappears
¢ Spindle forms

Wy
é )l(' " é Late prophase

Al 2 Metaphase
V Chromosomes line up

2\ in a single line across
b the centre of the cell

3 Anaphase
* Each pair of chromatids separates at
the centromere
* Each chromatid (now called a chromosome)
moves to the opposite pole

Figure 2 Interphase and the phases of mitosis and cytokinesis
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2.5: Cell division in action
Go to page 231.

This doubles the single chromosomes to
duplicated chromosomes, connected at the
centromere. When the cell undergoes mitosis,
the duplicated chromosomes separate and each
of the daughter cells will receive a genetically
identical copy of each chromosome.

Cancer: Mitosis out of
control

The rate of mitosis in a cell needs to be
carefully controlled. Cells do not survive
indefinitely in an organism. The death of a cell
is carefully programmed into a cell’s DNA. All
cells are constantly checking to make sure that
everything is running normally.

Metaphase Anaphase

Interphase

If any errors occur, then the cell will
undergo programmed cell death, called
apoptosis. This checking for errors is
especially important during mitosis. Before the
cell enters prophase or telophase, the DNA is
carefully checked to make sure there are two
complete sets of unaltered chromosomes.

Sometimes the DNA of a cell can become
damaged. This may be due to radiation,
viruses or chemicals called mutagens. If this
damage is not detected, then the cell may start
undergoing continual cycles of mitosis without
apoptosis. This is one of the key characteristics
of cancer cells.

Telophase Cytokinesis

Figure 3 These animal cells are undergoing mitosis. They have been stained with a fluorescent stain
to show the separation of DNA. a The cell is at the end of interphase. b The blue chromosomes line up
along the middle of the cell and attach to the yellow spindle during metaphase. ¢ Yellow spindles are

contracting and separating two chromatids at the centromere during anaphase. d The nuclear membrane

re-forms around the two sets of DNA in telophase. e Cytokinesis occurs when the plasma membrane

divides in two.

1 Recall the phase where most cells spend
most of their time.

Explain why cells need to undergo mitosis.

Describe what happens in each phase
of mitosis.

4 A cell that is about to undergo mitosis
must double its amount of DNA.
Consider why this needs to occur.

5 Contrast mitosis and cytokinesis.

6 Identify each of the stages of mitosis
that is happening in Figure 4.

OXFORD UNIVERSITY PRESS

7 Develop a story of a chromosome as it
undergoes mitotic division. Describe
how it replicates, remains attached at the
centromere until anaphase, and says its
final goodbye during cytokinesis.

8 Use your understanding of mitosis to
evaluate the following claim:
‘Interphase has nothing to do with
mitosis.’

’@* Quiz me
Complete the Quiz me to check how well

you've mastered the learning intentions and
to be assigned a worksheet at your level.

apoptosis
programmed cell death

Figure 4 Stages of mitosis
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meiosis

the process that results in
the formation of gametes
with half the genetic
material of the parent cell

haploid

containing one complete
set of chromosomes in each
cell; an example is gametes

Melosis forms

gamete cells

Key ideas

e Agamete is a sex cell (egg or sperm) that has half the genetic material of the parent cell.

e Meiosis is the process of cell division that produces haploid gametes.

e Two haploid gametes combine to produce the first diploid cell of a new organism.

Meiosis is cell division
in which the number of
chromosomes is halved

Half of the genetic material in each of your
cells comes from your mother, and the other
half comes from your father. Have you ever
wondered how the genetic material in one of
your parent’s cells divided in half?

A gamete is a sex cell. In animals, the male
gamete is a sperm and the female gamete is an
ovum. In flowering plants, the male gamete is
contained in a pollen grain and the female

gamete is located in the flower’s ovary. The male

and female gametes of a species join to form the
first cell of the new offspring.

Gametes differ from all other body cells
because they contain half the number of
chromosomes of somatic cells — they are
haploid.

46 chromosomes in
a diploid body cell

23 chromosomes in
a haploid gamete

Most somatic cells in your body contain
46 chromosomes arranged in pairs (two sets
of 23 chromosomes, or 27). They are diploid.
Gametes (egg and sperm) in humans have 23
chromosomes (#) (Figure 1). When the egg
and sperm combine at fertilisation, a diploid
somatic cell is produced (Figure 3) — one set of
23 chromosomes comes from the mother and
one set of 23 chromosomes comes from the
father. In this way, all children are similar, but
not identical, to their parents.

Meiosis is the type of cell division that
occurs when gametes are being made from
their parent cells. It is sometimes called
reduction division and occurs in two stages,
known as meiosis I and meiosis II (Figure 4).
Before meiosis can occur, the single
chromosomes must copy the DNA to form
duplicated chromosomes. Once this occurs, the
first stage of meiosis can begin.

Haploid gametes (z = 23)

Egg cell
n
Sperm cell e
Meiosis Fertilisation

Diploid

zygote 2n
Multicellular (21 = 46)
diploid adults

(2n = 46)

Mitosis and
development

Figure 2 The human life cycle, involving mitosis

Figure1 aAdiploid body cell and b a haploid gamete ~ and meiosis
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2.6: Modelling meiosis
Go to page 232.

CHALLENGE

Y Prophase I
.Y.x. e * Diploid cell ready to undergo meiosis
* Nuclear membrane will disappear
Yx Metaphase I
A » Chromosomes line up in pairs
across the centre of the cell
Meiosis I l
Anaphase |
’; ; * One chromosome from each pair
X is pulled to opposite ends of the
S N_ cell by the spindle Figure 3 When a haploid sperm
cell (n) fertilises a haploid egg
¥ 4 Telophase I cell [n), a diploid somatic cell
1 . Two daughter X * Nuclear membrane (2n) is formed.
X cells (haploid 3y X re-forms and the resulting
with duplicated two daughter cells
- chromosomes) are haploid
e Each daughter cell now
undergoes a mitotic-like division
(meiosis IT) to produce four
o daughter cells (gametes), each
Meiosis IT Y y with a single set of chromosomes  Figure 4 Meiosis consists of two rounds of
< o each phase: prophase, metaphase, anaphase
y ) = i and telophase. If a gamete is fertilised, the
chromosomes of the zygote will become
L. diploid again so that the zygote can grow (by

Four daughter cells (haploid with single-stranded chromosomes) mitosis) into an embryo.

7 'The chromosomes in Figure 5 are separating at the

Comprehend
centromere. Identify the phase of meiosis that the cell

1 We all started from a single cell, a zygote, which
then grew into an embryo. Explain how meiosis and
mitosis allow the formation of a zygote and its growth
into an embryo.

is undergoing.

2 Explain why the offspring of sexually reproducing
organisms are not identical to their parents.

3 Explain why it is essential that the number of Figure5
chromosomes is halved during meiosis. Each stage
of meiosis
Analyse includes
4 Compare a haploid cell and a diploid cell. prophase,
5 Prepare a table comparing mitosis and meiosis. metaphase,
. - anaphase and
6 Interphase is the ‘normal’ life stage of the cell — the telophase.

phase between one mitotic division and the next.
Interphase also occurs before meiotic divisions.
Identify the number of chromosomes present at each
phase of meiosis shown in Figure 4.
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Quiz me
Complete the Quiz me to check how well you've

mastered the learning intentions and to be assigned a
worksheet at your level.
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@a Interactive 2.7
Punnett squares

,\ Video 2.7
Using Punnett squares

allele

a version of a gene; a
person inherits two alleles
for each gene, one coming
from each parent

homozygous
having two identical alleles
for a particular trait

heterozygous

having two different alleles
for a particular trait; a
carrier for a recessive trait

dominant trait

a characteristic that needs
only one copy of an allele
to appear in the physical
appearance of an organism

recessive trait

a characteristic that is only
expressed in the phenotype
when two identical

alleles are inherited

Alleles can produce
dominant or recessive traits

Key ideas

e Genes can have different versions (alleles) at the same location of a chromosome.

e The unique combination of alleles for a gene inherited from parents is called the

genotype of the organism.

e Homozygous individuals have two identical alleles; heterozygous individuals have two

different alleles.

e A dominant trait only needs a single allele present to appear in the phenotype.

e Recessive traits need two copies of the allele to appear in the phenotype.

e A person who is heterozygous for a recessive trait is said to be a carrier for the trait.

Alleles

Have you ever wondered why some people look
so much like their mother or father? Each cell
in your body contains two sets of chromosomes
— one from your mother and one from your
father. If your mother has blue eyes, then you
may inherit the gene for blue eyes from her.

If your father has brown eyes, then you may
inherit the gene for brown eyes from him.
Each version of a gene (e.g. for eye colour) at
the same position (or loci) of a chromosome is
called an allele.

If a person has two identical alleles for
a trait or characteristic, they are said to be
homozygous for that trait. If a person has
two different alleles for the same trait (e.g. a
blue eye allele and a brown eye allele), they are
heterozygous for the trait (Figure 1).

If someone is heterozygous for eye colour,
then the colour of their eyes is determined by
which version is dominant. Dominant traits
only need one copy of the allele to be visible in
the appearance of the individual. Dominant
traits are usually represented by capital letters.
For example, brown eyes is a dominant trait
and is often given the symbol ‘B’.

Allele for blue eye trait

l
( ” ) Homologous

Alleles pair of

( [% ) chromosomes

Allele for brown eye trait
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Other traits are called recessive traits.
These traits can only be seen if there are two
identical copies (homozygous) of the allele
present. The alleles for recessive traits are
represented by lower-case letters. For example,
blue eyes is a recessive trait and is often given the
symbol ‘b’.

Therefore, a person with blue eyes must
have two alleles for blue eyes (bb). In contrast,
a person with brown eyes could be homozygous
(BB) or heterozygous (Bb) for the trait. A
brown-eyed individual who is heterozygous
for the trait is sometimes called a carrier for
the blue eye trait. They have one allele for
blue eyes, but the trait cannot be seen in their
appearance.

The combination of allelic symbols that
a person has for a trait (e.g. BB, Bb or bb) is
called their genotype.

Nature versus nurture

For over a century, scientists have puzzled over
whether the genetic material you inherit (nature)
or the environment in which you are raised
(nurture) is more important in determining your
characteristics. For example, genetically identical
hydrangeas that produce pink flowers in alkaline
soil and blue flowers in acidic soil suggest that
nurture is more important. However, the growth
of the stem, flowers and leaves is a result of the
genes in the plant.

Figure 1 A heterozygous
pair of chromosomes
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2.7: Zazzle genetics
Go to page 233.

Phenotype is the physical expression of a
trait or characteristic that results from the
genetic make-up of the organism and is
influenced by the environment. An example is
how tall you will grow. You inherit a series of
genes from your parents that will determine
your growth potential, but if you don’t get
enough food when you are growing, then you
will not reach your full height.

Monohybrid cross

Some traits, such as the ability to roll your
tongue, are controlled by only one gene. This
single gene has two alleles: one for rolling
your tongue (the dominant trait, R) and one
for non-tongue-rolling (the recessive trait, r).

Worked example 2.7:
Using Punnett squares

A man who is heterozygous for brown
hair has a child with a woman who has the
recessive trait of red hair. Calculate the
probability of the child having red hair.

Solution

First the symbols for hair colour need to
be selected.

Red hair is a recessive trait = r (lower-
case letter)

The letter chosen for the dominant trait
must be a capital letter (same gene,
different allele).

Brown hair = R

Father (heterozygous) = Rr

Father’s alleles
R
Mother’s R
alleles R

Mother has the recessive trait (homozygous)
=rr

Then a Punnett square can be constructed.

The children’s possible genotypes are
2Rr:2rr

The children’s possible phenotypes are
2 brown hair : 2 red hair.

Therefore, the child has an equal (50 per
cent) chance of having red hair.

OXFORD UNIVERSITY PRESS

Parents’ phenotype Homozygous Heterozygous
non-tongue-roller X tongue-roller
Parents’ genotype X R
Parents’ gametes X R
F; genotype (offspring) Punnett square
Father’s alleles
R
Mother’s R
alleles R

F; phenotype 50% tongue-rollers

50% non-tongue-rollers

Figure 2 The ability to roll your tongue is inherited.

We can examine how this single trait is passed
on by using a Punnett square (Figure 2).

In a Punnett square, the parents’ genes are
listed across the top and down the side. The
remaining boxes are filled by combining the
letters of each parent. This shows the possible
genotypes the children could inherit. From
the genotypes, the possible phenotypes of the
children can be predicted. Worked example 2.7
shows how to use a Punnett square to predict
the possible genotypes and phenotypes

of offspring.

Retrieve

1 Define the term ‘carrier’.

Analyse

carrier

a person who has the allele
for a recessive trait that does
not show in their phenotype
genotype

the combination of alleles
for a particular trait

phenotype

the physical characteristics
that result from an
interaction between

the genotype and the
environment

Punnett square
a diagram used to predict
the outcome of breeding

organisms

2 Dimples (D) is dominant to no dimples (d). Identify the genotypes

for individuals who:
a are homozygous for dimples

¢ have no dimples.

b are heterozygous for dimples

3 The trait for blue eyes is recessive to the trait for brown eyes.

a Calculate the chances of two blue-eyed parents having a

brown-eyed child.

b Calculate the chances of two brown-eyed parents having a

blue-eyed child.
Apply

4 If the children of a right-handed man and a left-handed woman are
all right-handed, identify whether left-handedness is a dominant
or recessive trait. Justify your answer (by defining dominant and
recessive traits, describing an example of each type of inheritance,
and deciding which type of inheritance is most likely).

Quiz me
Complete the Quiz me to check how well you've mastered the learning
intentions and to be assigned a worksheet at your level.
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Learning intentions

By the end of this
topic, you will be
able to:

describe

the different
genotypes and
phenotypes of
human blood

groups
explain the

function of
different blood
groups and
Rhesus markers
and their
importance
predict the
inheritance of
co-dominant
traits using
Punnett squares.

Alleles for blood group
traits co-dominate

Key ideas

* The gene for blood type can make protein enzymes that make sugar molecules (A or B)

on the surface of a red blood cell.

e The allele symbols for this gene can be expressed together.

e Other genes can produce the Rhesus protein.

Blood types

Some genotypes are more complex and involve
more alleles. This is the case when determining
your blood group. When stating your blood
group, two components are usually referred
to — a letter grouping (ABO) and whether you
are Rhesus positive or negative. Rhesus protein
molecules are present on the surface of the
red blood cells of 80 per cent of people. These
people are said to be Rhesus positive. If the
Rhesus molecule is not present, these people
are said to be Rhesus negative.
There are four other types of
blood groupings. Table 1 shows the

It is important to know your blood group
because mixing different types of blood can
cause clots to form that block blood vessels. A
person who is transfused with the wrong type
of blood can die.

ABO blood grouping is determined by
a different gene from Rhesus grouping, so
the inheritance of each component must be
investigated separately. Three alleles determine
the ABO blood group (Table 2). Depending
on which of these three alleles you inherit from
your parents, your blood group may be different
from that of your parents or your siblings.

The I* and I® alleles are described as

DNA ) i co-dominant. The symbol for a co-dominant
DOOODOOA DOHDA if;pzszfgfotfh‘g::;:;l;agnri:;? fall trait is gin':n the symb91 ofa cal?ital letter with
: a superscript. Co-dominant traits are expressed
¢ Gene People who have blood’group A equally together, rather than one being
RNA have red blood cells that display dominant over the other. This means a person

v

Protein enzyme

XX,

O

A B

a special sugar molecule A on the
surface of their red blood cells.
People who are blood group B
display sugar molecule B on their
red blood cells. Group AB people
display both molecules A and B,
and people in blood group O have
neither sugar molecule. The gene
for each of these traits produces
an enzyme (a protein) that makes
the specific red blood cell sugar
molecule (Figure 1).

Table 1 Blood groupings in Australia

AB Blood group  Frequency in Australian

with the genotype I*I® will make the enzymes
for sugar A and sugar B. This will give a
person the blood type AB. However, both of
these alleles are completely dominant over the
recessive trait of the O blood type (i). This
means a person with the genotype I#i or IATA
will make sugar molecule A and therefore have
blood type A. A person with the genotype I%i or
IBI® will make sugar molecule B and have blood
type B. Worked example 2.8 shows how to use
a Punnett square to predict the inheritance of
co-dominant traits.

Frequency in Australian Frequency in Australian

Figure 1 Genes for blood type produce (phenotype)  population (%) population of Rhesus population of Rhesus
an enzyme that makes a sugar (A or B) positive (%) negative (%)

on the surface of a red blood cell. 0 49 40 9
co-dominant 38 31 7

two different alleles that can both appear B 10 8 2

in the phenotype at the same time; both AB 3 2 1

can appear with a single allele

40 OXFORD SCIENCE 10 AUSTRALIAN CURRICULUM OXFORD UNIVERSITY PRESS



2.8: Blood typing experiment
EXPERIMENT Go to page 234.

Table 2 Blood group alleles

Trait Allele symbol Function

Dominant trait A Produces an enzyme that forms an A sugar on red blood cells.

Dominant trait 1B Produces an enzyme that forms a B sugar on red blood cells.

Recessive trait i Results in a non-functioning enzyme. No specific sugar on the surface of red blood cells.

. Worked example 2.8:
. Using Punnett squares for co-dominant traits
A couple, Greg (blood group A) and Ellie (blood group B), decide to have a child. If both their individual mothers were
' blood group O, calculate the possibility of their child being blood type O.
Solution
| First calculate the phenotype and then the genotype of each parent (Figure 2).
Greg’s blood group is A. This means there are two possibilities for his genotype: I*I* or IAi.

If Greg’s mother was blood group O, then Greg could have only inherited the alleles for the recessive trait (i) from his
mother and so he must be heterozygous (I41).

. .. . Greg Ellie
. By applying the same process to Ellie, it can be determined
' that she is I®i. Parents’ phenotype Blood type A x Blood type B
 This information can be used to construct a Punnett square, Parents’ genotype ' X I'i
' as shown in Figure 2. Parents’ gametes i X i
+ The four possibilities for the ABO blood group for Greg and F, genotype (offspring) Punnett square
+ Ellie’s child are: Ellie’s alleles
i . . . . .. B i
. ATB . Aj. B; .
: Genotypic ratio: 1 IAI®: 1 141: 1 1% : 11i Greg's Y TATE T
. Phenotypicratio: 1AB:1A:1B:10 alleles i 8 i
This means that Greg and Ellie’s child has a 1 in 4 (25%) Figure 2 A Punnett square showing the inheritance of
| chance of being blood type O. genes for the ABO blood type
2.8 Check your learning (2]
Retrieve Analyse
1 From Table 1, identify the blood group in Australia 3 Consider two parents who are both blood group O.
that is the: Identify the blood groups their children could have.
a most common 4 Vinda is homozygous for blood group A. Julie is
b least common. heterozygous for blood group B. Use a Punnett square
to calculate the possible genotype(s) and blood
Comprehend b genotype(s)

group(s) for a child of Vinda and Julie.
2 Complete Table 3 to summarise the possible 5

genotypes that combine to produce each blood group
phenotype and the sugars displayed.

Construct an appropriate graph to present the type of

data presented in Table 1.

a Analyse the data in the graph and describe any
pattern you identify in terms of independent and

Table 3 The genotype and AB sugars found in different dependent variables.

blood types
b Does the pattern you identified in part a represent

Blood group | Possible Sugars displayed on a correlation or causation? Justify your response.
(phenotype) | genotypes red blood cell
0
A Quiz me

Complete the Quiz me to check how well you've mastered
B the learning intentions and to be assigned a worksheet at
AB your level.
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autosome

a chromosome that does
not determine the sex of
an organism

sex chromosome

a chromosome that
determines the sex of
an organism

Figure 1 The X
chromosome (left) is
much larger than the Y
chromosome [right) and
carries more genetic
information.

Alleles on the sex
chromosomes produce
sex-linked traits

Key ideas

e Sex chromosomes are chromosomes that determine the sex of an organism.

e Human females have two X chromosomes and human males have an X and

a Y chromosome.

e Fathers pass an X chromosome to each daughter and a Y chromosome to each son;
mothers pass one X chromosome to each of their children.

e Autosomes are non-sex chromosomes.

Sex chromosomes

Humans have 22 pairs of chromosomes that
are not sex chromosomes, called autosomes.
The twenty-third pair of chromosomes are
the chromosomes that determine the sex

of the offspring (sex chromosomes). The
genotype for the sex chromosomes in a female
is XX and the genotype for a male is XY.
These chromosomes contain the genes with
information for sexual traits.

The X chromosome is larger than the Y
chromosome (Figure 1). In addition to carrying
genes for sexual characteristics, it contains
information for non-sexual characteristics, such
as blood clotting and red—green colour vision.

Traits (and the genes that determine them) that
are carried on a sex chromosome are said to be
sex linked.
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Males show deficiencies in these genes more
commonly than females because they only
have one X chromosome. Females have two X
chromosomes and therefore are more likely to
have a copy of the effective working allele.

In general, when investigating the
pattern of inheritance for a particular trait
(characteristic), it is useful to consider each
trait as one of the following four types (see also
Table 1):
> autosomal dominant

autosomal recessive

X-linked dominant

X-linked recessive.

Ty

Figure 2 Most sex-linked genes are situated on
the X chromosome. There are only a few Y-linked
genes in humans. In rats, spontaneous high blood
pressure is linked to the Y chromosome, so only
male rats experience spontaneous high blood
pressure.
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2.9: Colour-blindness
inheritance
Go to page 235.

Figure 3 A male gets

his X chromosome from
his mother and his

Y chromosome from his
father. A female gets one
of her X chromosomes
from her mother and the
other X chromosome
Vil h from her father.

Table 1 The four patterns of inheritance

Dominant Recessive
Autosomal e Males and females are affected equally e Males and females are affected equally
over a large sample size. over a large sample size.
¢ Affected offspring have at least one o Affected offspring may have unaffected
affected parent (i.e. it does not skip parents [i.e. parents may be carriers).
a generation).
X-linked e Generally, more females than males are e Generally, more males than females are
affected. affected; females are carriers.
¢ Affected offspring have at least one o Affected offspring may have unaffected
affected parent [i.e. it does not skip parents (men cannot be carriers, but
a generation). women may be).
o An affected father will pass the traittoall e A carrier mother has a 50% chance of
daughters, but not to any sons. passing the trait on to each son.
o An affected mother has a 50% chance of ¢ Daughters of an affected father will all
passing the trait to any son or daughter. be carriers.

Sex-linked conditions

Two conditions that are caused by defective When the gene is defective, the colour
sex-linked genes are red—green colour blindness  receptors do not function properly and the
and haemophilia. person cannot distinguish red from green

Red—green colour blindness is an X-linked (Figure 4). Approximately 8 per cent of
recessive trait. This means the red—green males and less than 1 per cent of females have
colour-blindness allele is found on the X red—green colour blindness. It is very rare for a
chromosome, and the trait only appears if no female to have two defective alleles, but not as
‘normal’ alleles for this gene are present. The rare for them to be ‘carriers’ (heterozygous) of
colour receptors in the retina of the eye are the defective allele.

controlled by a gene on the X chromosome.
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Figure 4 A person with colour blindness will have a very different view of
the world. a A person with normal vision can see all the colours of these
parrots. b A person with colour blindness cannot see the red and green feathers.

Haemophilia is a disease that prevents
the blood from clotting. This occurs when
the X-linked gene that controls one of the
clotting factors is defective. Even a small injury
to a person with haemophilia can result in
prolonged bleeding. It is possible to treat this
disease today because the clotting factors can
be produced from donated blood or made in
the laboratory. These clotting factors are given
by injection.

In the past, there was no treatment for
haemophilia. Queen Victoria, Queen of
the United Kingdom, appears to have had
a spontaneous mutation in the gene on the
X chromosome for making a blood clotting
factor. She passed this defective gene on
to some members of her family. When her
male descendants inherited their only X
chromosome with the ‘defective’ allele from
her, they often died prematurely.

Queen Victoria’s granddaughter Alexandra
was a carrier of the haemophilia gene. She
married the last Tsar of Russia, Nicholas II,
with whom she had four unaffected daughters
and a son, Alexei, with haemophilia (Figure 5).
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Figure 5 Queen Victoria’'s granddaughter
Alexandra, her husband, Nicholas Il (the last

Tsar of Russia), and their son, Alexei, who suffered
from haemophilia

Alexei’s disease caused great stress to the
family. Alexandra even consulted the monk
Rasputin to pray over him, but there was no
reliable treatment for haemophilia in the early
twentieth century.

Communicating sex-linkage

When writing genotypes for sex-linked crosses,
it is important to show the allele as being
attached to either the X or the Y chromosome
because the gender of the offspring is
important in determining phenotype.

For example, in colour blindness, using
X for normal and X¢ for colour blindness, the
genotype for a colour-blind female is X°X¢,
the genotype of a carrier female is XX and
the genotype for a colour-blind male is X°Y.
For haemophilia, we can use X" and X" to
represent the normal allele and the allele for
haemophilia, respectively (Figure 6).
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Key: H = normal allele and h = allele for haemophilia

Queen Victoria X X" x XV Albert

.

Carrier daughter X'X" x %™V Her husband

:

Alexandra X''X" x XV Nicholas II
(carrier granddaughter) (last T'sar of Russia)

Alexei X"V
(haemophiliac son)

Figure 6 Genotypes in the family tree of Queen Victoria leading to Alexei

2.9 Check your learning

For the following questions, assume that the Apply

sex-linked gene is X-linked and recessive. 7 Describe who will be affected by a

Comprehend Y-linked gene. Justify your answer

1 Explain why a defect in a sex-linked (by describing the sex chromosomes
gene affects males more than females. of males and females, and describing

who would be affected by a gene on the
Analyse Y chromosome).
2 Amanand a woman, both of whom 8 Tortoiseshell cats have fur coats that

had normal sight, had three children:
two boys and a girl. One of the boys
had normal sight and the other was
red—green colour blind. The girl had
normal sight. Calculate the genotypes
for this family.

are a combination of orange and black.

The gene for hair colour is found on

the X chromosome.

a Explain why all tortoiseshell cats
are female. Use diagrams to justify

your answer.
3 The girl from the family in question 2 b

married a normal-sighted man and had a
son who was colour-blind. Calculate the

Identify the coat colour of the
offspring of a tortoiseshell cat and

. . a black cat.
genotypes for this family.
4 The colour-blind son from the family Quiz me
in question 3 married a normal-sighted @ Complete the Quiz me to check how well
woman and had a son with normal sight you've mastered the learning intentions and
and a colour-blind daughter. Calculate to be assigned a worksheet at your level.

their genotypes.

5 Calculate the probability that the
four girls in the family of the last
Russian Tsar were carriers of the
allele for haemophilia.

6 If a man has a mutated gene on his
Y chromosome, identify which
grandparent he inherited it from.

Figure 7 A tortoiseshell cat

7
L
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Inheritance of traits can be
) shown on pedigrees

Learning intentions

Key ideas
By the end of this .
topic, you will be
able to:

Pedigrees are a visual way to show the inheritance pattern of a trait.
e Circles represent females and squares represent males.

analyse and
interpret
pedigrees to
determine if a
trait is dominant,
recessive,
autosomal or
sex-linked
analyse and
interpret
pedigrees to
predict whether
an individual
will inherit a
disease.

Interactive 2.10
Pedigrees

pedigree
a chart showing the

phenotypes for an

individual and their

ancestors, usually over
several generations;
also known as a family
tree diagram

46

e Shaded symbols represent individuals who express the trait.

e Recessive traits may skip a generation.

e Once a dominant trait disappears from a family line, it will not reappear.

Kinship systems
Although each of your parents contributed to
your genotype, the genotypes of other family
members (e.g. grandparents, aunts and uncles)
can all be important in explaining who you are.

They can provide an indication of potential
recessive traits that may affect your health if you
inherited two copies of the alleles (one from each
parent). Understanding the way recessive traits
can accumulate if small groups intermarry is
the basis of many European laws that forbid the
marriage of siblings (brother and sister).

First Nations peoples in Australia have
demonstrated an understanding of traits
and inheritance without the use of the
advanced technologies that are now available
to geneticists. Despite living thousands of
kilometres away from Gregor Mendel, First
Nations peoples had observed how some
recessive traits and illnesses could be inherited
in the children of related parents.

Marriage line

[]—Male () —Femate O/—i—D &

Descent line

[l Exhibits rait
D — Does not exhibit trait

Generation
1

This resulted in the development of kinship
systems that can be used to identify relatives in
the mother’s or father’s line. Across mainland
Australia, a ‘skin name’ can identify relatedness
and roles in society. It can also determine who
is and who is not allowed to marry.

Pedigree construction
and analysis

Inheritance of characteristics is today often

traced through families using family tree

diagrams or pedigrees. There are specific

symbols used in constructing pedigrees

(Figure 1).

> Males are represented by squares and females
by circles.

> A marriage or de facto relationship is shown
by a horizontal line; a vertical line leads to the
offspring.

Identical twins

80

Non-identical twins

Parents

it

Roman numerals
represent generation
number

070
11(5 |J_-]

1 2 3

Children
4

Grandchildren

Arabic numerals
represent offspring
in generation

Figure 1 Some symbols used in family tree diagrams
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> The characteristic being studied is shown
by shading.
> Generation numbers are represented by

Roman numerals and individuals are

represented by Arabic numerals.

When analysing a pedigree to determine
whether a trait is dominant or recessive, the
following rules apply.
> If neither parent has a characteristic and

some of their offspring have it, then the

characteristic is recessive (i.e. both parents
are carrying the allele for the recessive trait
but it is not shown in their phenotype).

> If both parents have a characteristic and
some of their children have it, then the
characteristic is dominant (i.e. both parents
are heterozygous).

> If both parents have a characteristic and it is
recessive, then all of their children will have
that characteristic because only recessive
alleles could be inherited by offspring. If both
parents have a characteristic and none of
their children have it, then the characteristic
is dominant because it would require two
heterozygous parents to produce offspring
that do not inherit the characteristic.

In the pedigree in Figure 2, red hair is
recessive because individual 112 and his partner
do not have red hair but some of their children
have it. They are both carrying the allele for
red hair, but not expressing it. They both
contribute their allele for red hair to some of
their offspring.

In the pedigree shown in Figure 3, tongue
rolling is dominant. This is because individual 111
and her partner can roll their tongues, and some
of their offspring can and some cannot. The
parents are both heterozygous for tongue rolling.

Analysing pedigrees

Pedigrees can be analysed to determine
whether an individual will inherit a disease.
There is a series of questions you should ask
when determining the inheritance pattern from
a pedigree.
1 Are more males than females affected by
the trait?
If YES, go to 2. If NO, go to 3.
2 Do all daughters of affected males have
the trait?
YES - Sex-linked dominant. NO, go to 4.
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— Red-haired male
— Red-haired female

Figure 2 A pedigree for red hair

II

111 g_l |

1 2 3 4 5

— Tongue-rolling male

— Tongue-rolling female

Figure 3 A pedigree for tongue rolling

3 Do all affected children have an affected
parent?
YES - Autosomal dominant. NO, go to 5.
4 Has a carrier mother passed it on to half/
some of her sons?
YES - Sex-linked recessive.
5 Do affected children have unaffected
parents?
YES — Autosomal recessive.
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achondroplasia

a genetic (inherited)
disorder of bone growth
resulting in abnormally
short stature and

short limbs Figure 4 Achondroplasia is the most common form of dwarfism.

; O ©

1 2 3 5
111
1 2 3 4 5 6 7 8 9
— Unaffected male O—Unaffected female
— Affected male — Affected female

Figure 5 The pedigree chart of a family affected by achondroplasia - some of the
children are unaffected.
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Dwarfism

Achondroplasia is the most common form
of dwarfism (Figure 4) and is inherited
as an autosomal dominant trait (although
spontaneous mutations can also arise with no
prior family history). The gene is located on
chromosome 4, and it controls the production
of a protein that responds to a growth factor
hormone. If this gene is not functioning
(affected allele), a person will not produce the
protein. This means they will not be able to
respond to the growth factor and will have a
short stature. People with achondroplasia have
normal intelligence and lead independent and
productive lives, despite their medical problems.
Because the trait is dominant, people
affected by achondroplasia have at least one
affected parent (Figure 5). If one parent is
affected, there is a 50 per cent chance of the
children being affected.
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2.10 Check your learning

Comprehend

1 Represent the following with a pedigree symbol.
a afemale with a trait
b a male without a trait

¢ non-identical male and female twins without a trait.

Apply

2 Some people have ear lobes that hang free and some
people’s ear lobes are attached. Natalie has attached
ear lobes, but both Natalie’s parents and her brother,
Daniel, have free-hanging ear lobes as shown in the
pedigree (Figure 6).

o

Natalie Daniel

Figure 6 A pedigree showing inheritance of ear lobes

a Identify whether the characteristic of free-hanging
ear lobes is a dominant trait or a recessive trait.
Justify your answer (by describing each of the rules
that apply to the pedigree).

b Use suitable symbols to represent the alleles for the
ear lobe gene, and then determine the genotypes of:
i Natalie
ii Natalie’s parents.

c Identify the possible genotypes for Daniel.

3 A particular X-linked disease causes weakening of the
muscles and loss of coordination. This often leads to
death in childhood. A pedigree for this disease is shown

in Figure 7.
Q——O

2

I
" " We
1 2 3 4 5 A
111
1 2 3

4 5

Figure 7 A pedigree showing the inheritance of an
X-linked disease

a Use this pedigree and suitable symbols to
demonstrate the genotype of individuals 11, 12 and
II5. Determine the genotype of individual A.

b Identify one carrier in the pedigree shown in
Figure 7.
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4 Evaluate Figure 8.

) o
= 0 &0

O — Female ’:l — Male

Figure 8 A pedigree indicating the inheritance of
a trait

a In this family pedigree, identify the characteristic
indicated by shading as dominant or recessive.
Justify your answer.

b If R represents the allele for the dominant trait
and r represents the allele for the recessive trait,
determine the genotypes of individuals 11, 12 and
person A.

¢ If A and her partner had another child, calculate
the chance of the child having the characteristic
indicated by shading. Show your working.

5 The pedigrees in Figure 9 show the inheritance of two

genetic disorders (vision defects and limb defects) in
the same family.

Limb defect

Vision defect

Figure 9 Pedigrees for the inheritance of vision defects and

limb defects

a Identify the allele responsible for the vision defect as
dominant or recessive. Justify your answer.

b Identify the allele responsible for the limb defect as
dominant or recessive. Justify your answer.

Quiz me

Complete the Quiz me to check how well you've mastered
the learning intentions and to be assigned a worksheet at
your level.
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Learning intentions

By the end of this
topic, you will be
able to:

e distinguish
between
genetic and
chromosomal
mutations
explain how
substitution
and frameshift
mutations alter
nucleotide and
amino acid
sequences of
a protein.

mutation

a permanent change in
the sequence or amount
of DNA

mutagen

a chemical or physical
agent that causes a change
in genetic material such
as DNA

substitution mutation
a form of mutation
where one nucleotide is
substituted for another;
may or may not result in
a deformed protein

¢ Jonises biochemical
compounds in cells,
forming free radicals

¢ The free radicals cause
damage to DNA and
proteins (e.g. breakages
in chromosomes)

¢ Some chemicals insert

Mutations are changes In
the DNA sequence

Key ideas

e Mutagens such as chemicals, UV light and cigarette smoke can cause permanent
changes in the sequence of nucleotides that make up DNA.

e Genetic mutations can involve substituting one nucleotide for another, or deleting or

adding a nucleotide.

e Chromosomal mutations result from the centromere failing to separate (non-disjunction)

during meiosis.

Mutations and mutagens

A mutation is a change in the sequence or
amount of the genetic material (DNA) that
can be passed on to daughter cells. Therefore,
a mutation is a permanent change in the DNA,
and it may be in one gene or in a number of
genes (part or all of a chromosome).

If the change is in a single gene, then it
is called a genetic mutation; if it affects most
of a chromosome, it is called a chromosomal
mutation.

Before a new cell can be produced, the
three billion nucleotides need to be copied.
Although the aim of copying the DNA is
to keep the order of nucleotides the same,
occasional errors can occur. The order of
nucleotide nitrogen bases in the DNA is critical
— a tiny change in the sequence changes the
order of amino acids in the protein being made,
which, in turn, may affect how the protein
functions. On many occasions, these changes
can be corrected by the cell or they do not
cause a change in an important part of the
protein that is produced by the gene.

« Causes thymines that are
close together on a DNA
polynucleotide chain to
bind together, forming
‘thymine dimers’. This
causes problems during
DNA replication

—

4dcrrgoh
\./\
Bond

into DNA instead of bases
(i.e. they substitute

for bases)

Other chemicals insert
between bases, causing
problems when the DNA
replicates

Figure 1 The effect of mutagens
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A single nucleotide mutation many
thousands of years ago prevented the
production of brown pigment in eyes. As a
result, blue eyes developed in humans. The
mutation gave humans a new allele. However,
some mutations are deadly, because they
cause a cell to rapidly reproduce and never
die (cancer).

Natural mutations occur at a continuous
low rate. However, environmental factors
called mutagens can increase the frequency
of mutations. Mutagens include chemicals,
radiation and ultraviolet (UV) light (Figure 1).

Genetic mutations

There are two types of single nucleotide (point)
mutation:

> substitution mutations

> frameshift mutations.

A substitution mutation occurs when one
nucleotide base substitutes for another. As the
genetic code is read in groups of three (called
triplets), this may or may not have an effect on
the final protein. This is best shown using the
sentence:

THE CAT ATE THE RAT AND RAN FAR

If there was a substitution mutation in this
sentence, it might read:

THE CAR ATE THE RAT AND RAN FAR

In this case, the sixth letter, T, was
substituted by R. In DNA it might be a G
substituted for A. This small change will be
passed on to the RNA but may not affect the
order of amino acids in a protein.

Sickle cell anaemia is an example of a
substitution mutation that does affect the final
protein.
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2.11: Identifying mutations
Go to page 236.

Normal DNA sequence
A section
i of the
Valine — Histidine — Leucine — Threonine — Proline — Glutamic acid — Glutamic acid — Lysine B-chain
i on normal
haemoglobin

N=

Normal red cells

Mutated DNA sequence
OO
*_ Result of
Lot point mutation -
mutation A section
. . . . . . . . kN . . . Of tl'le
Valine — Histidine — Leucine — Threonine — Proline —Valine — Glutamic acid — Lysine B-chain
on sickle cell
haemoglobin
m Sickle cells
Figure 2 Haemoglobin and sickle cell anaemia - an example of the effects of a point mutation
The gene that makes part of the Frameshift mutations have more damaging frameshift mutation
haemoglobin molecule, which carries oxygen effects than substitution mutations because a type of mutation in which
around the body, substitutes an adenine (A) they change the entire reading frame of the a nucleotide 18 added_ or
for a thymine (T, so the code in the DNA DNA and RNA, producing a very different fieleted’ Caflsmg a shift
. . in the reading frame of
sequence reads CAC instead of CTC. As a protein.

codons; usually results in a
deformed protein

result, the codon on the RNA reads GUG

instead of GAG. This makes the matching

amino acid valine rather than glutamic acid. chroni)ésomes
This means the protein haemoglobin that is
produced is sticky and deformed, which doesn’t
carry oxygen as effectively (Figure 2). People
with sickle cell anaemia can feel tired, and the
sticky haemoglobin deforms the red blood cells,
making them a sickle shape.

Germ-line cell

Meiosis Non-disjunction at

position 21

in parent

A deletion or an addition can have a large 22 e 23
impact on how the genetic code (groups of
three nucleotides) is read. Adding or removing Gamete with 22 Gamete with 24 Gamete from other
one letter shuffles all the groups of three chromosomes chromosomes parent with 23 chromosomes
nucleotides. (no chromosome 21) (two chromosome 21) (one chromosome 21)
A deletion of the sixth letter (T) in the
example sentence results in the triplet code Does not usually survive
becoming: Fertilisation
THE CAA TET HER ATA NDR ANF AR
An addition of an extra R results in the 47
triplet code becoming:
THE CAR TAT ETH ERA TAN DRA NFA R Offspring with 47 chromosomes

(trisomy at position 21,
Down syndrome)

These are both frameshift mutations
because the group-of-three reading frame has
been shifted along the DNA strand. Figure 3 Changes in chromosome numbers due to non-disjunction
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non-disjunction

the failure of one or more
chromosomes to separate
during meiosis; can result
in an abnormal number
of chromosomes in the
daughter cells

If the RNA sequence reads UAC after the
mutation, then this is a ‘stop codon’ and the
protein synthesis will stop at that location,
resulting in a shorter molecule that is unable
to be useful. Frameshift mutations will always
cause a damaged protein.

Mutations involving
chromosome number

This type of mutation is usually the result of
non-disjunction — the failure of a chromosome
pair to separate at the centromere in meiosis.

]
@@ 1 M

QQ 88 240

19 20 21

In such cases, one of the daughter cells
(gametes) will have too many chromosomes
and the other will have too few chromosomes
(Figure 3). If an abnormal gamete is fertilised,
the offspring will have either too many or too
few chromosomes.

Down syndrome is the result of non-
disjunction in chromosome pair 21 during
the formation of the gametes in one parent.
A person with Down syndrome has three
copies (trisomy) of chromosome 21 (Figures 4
and 5).

.

1

M M i

i

22

Figure 4 Individuals with Down syndrome have three copies of chromosome 21.

Figure5 This girl has Down syndrome, which is a
result of non-disjunction of chromosome 21.
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Figure 6 Turner syndrome is a result of non-disjunction of the X chromosome.
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Non-disjunction in sex “~7 \t N np |

chromosomes ;{ H N ¥

Non-disjunction can also occur with the sex 1 .2 3' 4 5

chromosomes X and Y. This can result in a -, ' w3 1y " g e )

variety of syndromes. h ii é,: i i‘ § i| ( -i_-
Females with Turner syndrome have = i ; . ’ :

only one X chromosome (Figure 6). Turner 6 7 8 9 10 11 12

syndrome can appear in many different ways, "i .= =: : ’ :" : i p a tﬂ

and it is not always apparent from the person’s . N i 2 )

physical appearance. Symptoms can include 13 14 15 16 17 18

shorter than average height, infertility, extra N

webbing on the neck, swollen hands and i §( i e

feet, diabetes and many other difficulties. 19 20 21 22

Turner syndrome does not normally affect

) - Figure 7 Males with Klinefelter syndrome have an
intellectual ability.

extra X chromosome.
Males with Klinefelter syndrome have

an extra X chromosome, giving them a total \U

of 47 chromosomes (Figure 7). This can )8 9" 'a ‘
affect their fertility, muscle development and I a 06 n l
intellectual ability. Many of these individuals 1 2 3 4

will be undiagnosed. Approximately 1 in 660
males are affected.

W
Cri du chat syndrome (1 33 WO 8 3 B “
6 7 8 9 10 11 12

5

Cri du chat syndrome is caused by missing
portions of chromosome 5 (Figure 8).

Both males and females can be affected. oa “ ‘. t: ll AS
Symptoms include having a high-pitched cry 13 o 14 o 15 ' ) 16 o 17 o 18
(similar to that of a cat) as a baby. People with

Cri du chat syndrome are slow to grow, and 8s % aa o6

they often have a small head and intellectual

19 20 21 22 b 4

difficulties. Their fingers or toes can sometimes . ) L
Figure 8 Cri du chat syndrome occurs when part of chromosome 5 is missing.

be fused together.

2.11 Check your learning (2]
Retrieve Apply

1 Define the term ‘mutation’. 7 Evaluate whether a mutation can be advantageous (by
Comprehend defining the term ‘mutation’, describing an example

of a mutation that helps an organism to survive, and

< 5 .
2 Define the term ‘mutagen’. Describe oncicxample deciding whether mutations can be advantageous).

of a mutagen and how it acts to cause mutations.
g 8 Propose how you would test whether a male had

3 Define the term ‘trisomy’. Describe an example Klinefelter syndrome.

of a trisomy in humans.
Describe a frameshift mutation.

5 TIlustrate a series of diagrams that represent

Quiz me

Complete the Quiz me to check how well you've mastered
the learning intentions and to be assigned a worksheet at
your level.

non-disjunction occurring in meiosis. @
Analyse

6 Compare the causes of Turner syndrome and
Down syndrome.
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//SCIENCE AS
A HUMAN ENDEAVOUR//

Genes can be tested

2.12

Learning intentions

By the end of this
topic, you will be
able to:
e describe

the purpose

of genetic
screening and
testing

provide examples
of diseases that
are screened for.

maternal serum
screening (MSS)

the genetic testing of fetal
DNA found in the mother’s
blood

newborn screening

the testing of chromosomes
in a baby’s white blood
cells for the presence of a
genetic disease

early detection and
predictive testing for
adults

the testing of chromosomes
for the presence of

alleles that increase the
probability of cancers
forming

Mutations in genes can be identified
by using probes, short sections of
complementary nucleotides that can
bind to mutated alleles. If the mutated
allele is TAA CAG TAT, the probe will
be ATT GTC ATA. The complementary
nucleotides of the probe will bind

to the mutated allele and can help
identify individuals at increased risk of
developing diseases.

Genetic screening
and testing

Genetic testing is carried out on people who
are known to be at risk of a particular genetic
disease or condition. This is usually evident
from an individual’s family history. The genetic
material of a person at risk is obtained through
a blood sample. DNA from the white blood
cells (red blood cells do not have a nucleus) is
isolated and replicated. Special probes act
like a stain that sticks to specific genes in the
chromosomes, identifying the particular allele
that is present in people at risk of the trait.
Genetic screening refers to testing a large
number of people within the community even
if they do not have any family history of genetic
disease.
Genetic screening and testing services
currently available in Australia include:
> maternal serum screening (MSS) —
offered to all pregnant women for the
detection of Down syndrome and neural
tube defects
> mnewborn screening — the screening of
all newborn babies for genetic diseases,
including phenylketonuria (PKU),
hypothyroidism and cystic fibrosis (Figure 1)
> early detection and predictive testing
for adults — the screening of adults to
detect existing disease, those who have a
high chance of the disease or those who are
carriers with a reproductive genetic risk.

Genetic screening allows individuals to be
diagnosed early, before the symptoms of the
disease appear. These individuals can then be
treated, preventing the worst symptoms from
appearing and even preventing death.

Figure 1 A blood sample is collected from a
newborn infant to screen for phenylketonuria -
a disease that affects the way the body breaks
down proteins.

Genetic screening can also be used to
prevent genetic diseases from being passed
on to the next generation. While this prevents
future children from suffering, it sometimes
involves some very difficult decisions. For
example, individuals who are carriers of
genetic mutations must decide whether to have
children, who may suffer from the disease.
Genetic screening also raises the following
questions. What are the risks of the tests and
are people prepared to take them? Who should
be screened, and for what? What is the impact
of false positives? What options are available if
it’s not good news?

Genetic counsellors can help clarify the
situation, but they cannot make the decision
for the people involved. Instead, they help the
individuals make their own decisions.

The collection, storage and potential use of
genetic information raises many ethical questions,
including who should access the information and
the possible misuse of such information.



Sex, Down Syndrome Tests

The Weekend West November 7 - 8, 2015, p.17

BY CATHY O' LEARY, MEDICAL EDITOR

A growing number of pregnant women
in WA are having a simple blood test that
can pick up signs of Down syndrome and
the baby’s sex as early as 10 weeks.

Doctors say demand has gone
‘crazy’ in WA for non-invasive prenatal
testing (NIPT), which costs more than
$400 but is more accurate than the
blood test used in traditional prenatal
screening. Women found to be at low
risk of Down syndrome by the test could
avoid having invasive procedures such
as amniocentesis, which increases the
risk of miscarriage.

Instead of testing cells from the
foetus or the placenta, NIPT picks up
traces of foetal DNA circulating in
the mother’s blood. Because there
is an option to screen for sex-linked
chromosomes, it can also show the
gender of the foetus.

Some ethics experts are worried
that detecting the gender early on could
make it easier for couples who want a
child of a particular sex to terminate
the pregnancy.

Prenatal screening is usually
aimed at women at higher risk of Down

syndrome, such as those aged over 35,
but even low-risk women are having

the newer test, despite it not having any
Medicare or private health insurance
rebate. It cost $1400 when it became
available in Australia three years ago but
itis now as low as $420. While it is not a
diagnostic test, it is 99 per cent accurate
and has a very low false positive rate. A
WA survey of high-risk pregnant women
presented at the Royal Australian and
New Zealand College of Radiologists
scientific meeting in Adelaide yesterday
showed most preferred it.

Obstetric radiologist Emmeline Lee,
from Western Ultrasound for Women,
said there had been a huge uptake in
WA. ‘The market has gone crazy,” she
said. 'Even though we were cautious
about offering it only to high-risk
women, we're seeing low-risk women
wanting it as an extra layer of security.’

Professor Peter O'Leary from
Curtin University’'s Faculty of Health
Sciences, said there was a push to have
the test publicly funded but he believed
it should be limited to 20 per cent of
women at higher risk.

2.12 Test your skills and capabilities

What is NIPT?

Non-invasive prenatal testing is

a new way to screen for genetic
abnormalities.

Unlike invasive tests such as
amniocentesis and chorionic villus
sampling (CVS) that collect cells from
the foetus or the placenta, NIPT uses
traces of foetal DNA in the mother’s
blood.

It can be done from 10 weeks and

is 99 per cent accurate at detecting
Down syndrome.

Costs between $420 and $900.
Samples have to be sent to the
Eastern states, with results usually
within a week.

A 12-week ultrasound should still
be done to check for structural
abnormalities.

It is not a diagnostic test, so women
who test positive need to have it
confirmed by amniocentesis or CVS.

Describing ethical issues

There are many ethical and legal issues raised by genetic

testing.

1 Select one of the issues listed below, and use an ethical

approach to evaluate the issue by:

> describing the people affected by the issue (including
individuals, their family, and medical, personal and

societal costs)
> describing how they are affected

> describing the ethical approach you will use
(consequentialist or deontological)

> using the ethical approach to describe the issue

> describing the decision you would make if faced by

the issue.

a A pregnant woman who is at high risk of having a

child with a painful genetic disease refuses to have a

prenatal genetic test.

b An employer insists on a person having a genetic
test before they will be employed.

¢ A health insurance company demands a copy of
the results of a previous genetic test before they will

insure the person.

d A couple expecting a child with a non-painful

> describing an alternative view that could be used by

someone else

genetic disease ask for your advice about
terminating the pregnancy.




//SCIENCE AS
A HUMAN ENDEAVOUR//

2 13 Genes can be manipulated

Today, genetic engineering can create plants

Learning intentions

By the end of this
topic, you will be
able to:

e explain the
human need for
selected GMOs
to be produced
outline how a
desirable gene
can be inserted
into a plant cell.

genetically modified
organism (GMO)

an organism that has had
its DNA changed in a
laboratory

transgenic organism

an organism that has

a gene from another
organism inserted into its
own chromosomes

Daffodils

@ The gene that produces
vitamin A is isolated

from a daffodil.

Figure 1 Scientists can grow transgenic corn that produces high levels of vitamin A.

The genetic material of all
organisms is made of the same four
nucleotides A, T, C and G. The only
difference is their order in the DNA.
Understanding the nature of DNA led
to the question ‘Can we change it?’

Genetically
modified
organisms

Genetically modified organisms (GMOs)
have had their DNA changed or modified in
the laboratory. This can be done by changing
the nucleotides to stop genes making protein
or to add new genes into an organism’s genetic
material to improve certain traits, such as
increased resistance to herbicides or improved
nutritional content. Traditionally, breeders
would select breeding organisms who had

the desired traits and hope that the offspring
inherited those traits.

Bacteria

Plasmids

Genes

(2} \\9 '/
TUN__®  Provitamin A-producing

with the exact desired trait very rapidly and
with great accuracy. For example, geneticists
can remove a gene for drought tolerance from
one plant and insert that gene into a different
plant. The new genetically modified (GM)
plant will now be able to survive a drought. Not
only can genes from one plant be transferred
into another plant, but genes from non-plant
organisms can also be used. Transgenic
organisms are those that contain a foreign
gene inserted from another organism, usually a
different species.

Agriculture has been significantly
affected by the introduction of transgenic
animals and genetically modified crops and
foods (GM foods), including plants that are
resistant to herbicides and pesticides. There
are also ‘pharm’ plants and animals that
produce pharmaceutical proteins required
by humans.

A

corn embryo

@ This gene is added @ The bacterial cells @ The transgenic corn plant
into a plasmid, which is containing the plasmid grows. The introduced
a small loop of DNA are added to the genes produce high levels

that acts as a vector
transporting the gene
into a bacterial cell.

embryonic corn plant.

of vitamin A.



Engineering crops to resist disease means
that farmers can use less pesticide and
herbicide when growing them. Reducing the
amount of pesticide and herbicide reduces
production costs and environmental pollution.

Figure 1 shows the process of introducing
a gene from a daffodil into corn. Examples of
plants that have been genetically engineered are
shown in Figures 2—4.

GMO issues

GM crops can pose a threat to biodiversity
because they replace a number of natural
varieties of plants with one variety: the
genetically engineered plant. This can generate
a monoculture, decreasing the diversity of other
plants and animals (i.e. biodiversity) in the
growing area.

The organic food movement is completely
against the principle of GM foods, and public
debate into the benefits and dangers of such
foods is likely to continue well into the future.
Some people believe that GM foods pose WA Video 2.13B
health risks, although there is no clear evidence Genetically modified
for or against this. Like the DNA and proteins salmon
that exist in all food that we eat, the introduced
genes and proteins are digested in our stomach
and intestines.

R Video 2.13A
A genetically

superior bee

One criticism of GM foods is the potential
for accidental gene transfer to other species.
GM plants may also contaminate non-GM
plants of the same species; for example, when
wind blows the pollen from one farm to another
nearby. This may also contribute to pest insects
developing resistance to the pesticide and
insecticide. This means the GM plants that
have the pesticide and herbicide resistance may
then become vulnerable to the resistant pests.

Figure 2 Transgenic variety of cotton
that is pest resistant. Genes (that make
a protein toxic to insect pests) from the
bacterium Bacillus thuringiensis have
been introduced into the DNA of this
plant. The protein is called Bt (Bacillus
thuringiensis) toxin and the plants are Bt
plants. The toxin only becomes active in
the alkaline environment of the insect
gut, whereas in vertebrate animals it is
destroyed by the acid in the stomach.

Figure 3 Transgenic papaya plants

in Hawaii are resistant to the ring

spot virus. Genetically engineering
papaya has saved the industry. The
technology has also been exported to
other countries where ring spot virus is
damaging papaya plants.

2.13 Test your skills and capabilities

Figure 4 Golden rice has had

genes inserted from daffodils. These
genes control the production of a
chemical that is converted into vitamin
A, making this rice much richer in
vitamin A than non-transgenic rice.
Without adequate amounts of vitamin
A, people’s eyesight can be severely
impaired, even leading to blindness.
Many people in South-East Asia, a
large rice-consuming area of the
world, are blind or have severe sight
problems due to vitamin A deficiency.
Therefore, this high-nutrition rice is
most valuable in parts of Asia.

I

Evaluating claims

‘Since the introduction of GMOs in America in 1996,
there has been an increase in chronic illness, food allergies, >

> identifying an example of this contrast in the

statement

identifying the reason why the author may have

autism and digestive problems.’
1 Evaluate this claim from a health blog by:

> contrasting correlation and causation

made this statement

> defining the term ‘bias’ and discussing the bias in
the statement.




//SCIENCE AS
A HUMAN ENDEAVOUR//

Genetic engineering Is
used in medicine

2.14

Learning intentions

By the end of this
topic, you will be
able to:

e outline the
process of gene
cloning
explain how gene

therapy can be
used for medical
treatment

describe the
different types
of stem cells
and their uses
in medicine.

Video 2.14
Genetically modified

humans

genetic engineering

the deliberate engineering
of change in the DNA of
an organism

gene cloning
the production of identical
copies of a gene

gene therapy

inserting a new healthy
allele into an organism to
treat a genetic disease

Genetic engineering has been

used to change the genetic code of
animals, to make medicines and to
treat people with genetic diseases.

Gene cloning

Before a gene can be used in medicines, an
exact copy needs to be made. This exact genetic
copy is called a clone. The process of making
multiple copies of a gene is called gene cloning.
Once the copies of the gene are produced,
they can be inserted into bacteria. An example
of this is the production of insulin (used to treat
diabetes). The human gene for insulin was
cloned and inserted into a fast-growing bacteria
(Figure 1). The bacteria used the gene to produce
multiple copies of the human insulin protein,
which was purified and used to treat a person
with diabetes. Because it is human insulin made
from the human gene, this production method
avoids the complications caused when insulin is
made from pig or sheep genes.

Gene therapy

Some people are born with a defective gene that
affects the health of their body. Gene therapy
involves inserting a healthy replacement gene
into the chromosomes of an individual with
a defective gene. Gene therapy that inserts a
new gene into body cells (somatic cells) can be
therapeutic only. This means that the new gene
cannot be passed on to the next generation. At
present, gene therapy targeting germ-line cells
(cells destined to become gametes) is not legal
in Australia.

Despite initial setbacks, gene therapy
has been quite successful in the treatment
of cystic fibrosis (CF). Patients with CF
have a deficiency in a gene that controls
the production of a protein that regulates
the movement of chloride ions across cell
membranes. A major symptom of CF is the
accumulation of a thick mucus that can damage
lung tissue.

t
DNA fragment
Plasmid vector
(bacterial ring

of DNA) Insert DNA into

plasmid vector

Recombinant plasmid

Bacterial
chromosome

Transformed
Escherichia coli cell

Independent
plasmid replication

l Cell multiplication
°©® %)

Colony of cells each containing copies
of the same recombinant plasmid

Figure 1 Gene cloning

This reduces the lifespan of patients
significantly. Medical scientists have been
able to clone the healthy gene in bacteria.
The purified gene is then attached to a carrier
molecule called a vector. The vector in this case
is a harmless virus, and it is added via a spray
through the nose of patients.



2.14: Edible genetic engineering
Go to page 237.

The virus enters many of the lung cells and
inserts the healthy gene into the DNA in the
nucleus. When the lung cells divide, the new
cells contain the healthy gene (Figure 2).

Stem cells and
ethics

Stem cells are undifferentiated cells that can
differentiate (mature) into many different types
of specialised cells, such as muscle, nerve,

liver and blood cells. There are two types of
stem cells. Pluripotent embryonic stem cells
(obtained from embryos) can develop into most
cell types in the body, whereas multipotent
adult stem cells can only develop into certain
cell types in the body.

There are many ethical issues associated
with the use of embryonic stem cells. The
establishment of a stem cell line involves the
artificial creation of an embryo solely for the
purpose of collecting stem cells. This process
results in the destruction of the embryo. At
present, such procedures are illegal in
Australia. The only embryos that are used for
research are those classed as ‘excess embryos’,
that is, those originally created for use in
in-vitro fertilisation (IVF). However, some
people consider the use of these excess embryos
to be unethical. They regard the embryos as
potential life and their use in research as
depriving life to these embryos.

Most recently, scientists have been able to
reverse the differentiation process and turn
multipotent adult stem cells back into
pluripotent stem cells (like the embryo cells).

2.14 Test your skills and capabilities (2]

Evaluating ethics
A new form of gene therapy has recently been developed

for the treatment of cancer. CAR T-cells (chimeric antigen
receptor T-cells) are formed when a cancer patient’s immune

cells ('T-cells) are removed and provided with genes that

will allow them to fight the patient’s cancer. These treated
T-cells are placed back into the patient where they will find

and kill the cancer cells. This new form of gene therapy
is very expensive (usually starting at $500000 for a single
treatment). The ethical dilemma arises when considering

the effectiveness of spending the money to treat one person,

or to treat the many thousands of people who are sick due
to poverty.

w

Virus dripped into lung
through a thin tube
inserted in the nose

Normal human gene cloned
@ in bacterium
Normal gene (DNA sequence)
inserted into harmless virus

(AAV, adeno-associated virus)

) Lung cell
@ Nucleus
Virus enters lung cell nucleus

Normal gene (DNA sequence)
inserted into lung cell DNA

Cells now with normal genes function normally

1

These cells are called induced pluripotent
stem cells. In the future, induced pluripotent
stem cells may be used to treat a variety of
diseases, including cancer, multiple sclerosis
(MS), Parkinson’s disease, motor neurone
disease and spinal cord injuries.

Figure 2 Gene therapy for cystic fibrosis

stem cell

a cell that can

produce different types of
cells; adult stem cells can
produce a limited number
of cell types (e.g. skin stem
cells), whereas embryonic
stem cells can produce
many types of cells

Evaluate the ethical dilemma presented when deciding
whether to treat a 20-year-old cancer patient with CAR
T-cells by:

>

\2

describing the people affected by the issue (including
individuals, their family, and medical, personal and
societal costs)

describing how they are affected

describing the ethical approach you will use
(consequentialist or deontological)

using the ethical approach to describe the issue
describing an alternative view that could be used by
someone else

describing the decision you would make if you had to
make the choice.




GENETICS

Retrieve

1 Identify which is not a smaller part of all DNA nucleotides.
A deoxyribose C adenine

B nitrogen base D phosphate molecule

Identify the missing phrases in the following sentence.
Mutations are and mutagens are

A changes in the gene carried through DNA; a
substance that causes permanent change

B changes in the chromosomes; a substance that
causes permanent change

a substance that causes permanent change; changes
in the chromosomes

D achange in the genetic structure; substances that
cause temporary change

Recall the definition of ‘pedigree’.

A a cross that shows inheritance

B a diagram to show the inheritance pattern of a trait
C a particular breed of species

D a plot of chromosomes.

Recall the two vital properties DNA molecules have:
A DNA can carry information; DNA is organised

in pairs

B DNA can make copies of itself; DNA can carry
information

DNA contains ribose sugar; DNA can make copies
of itself

D DNA can leave the nucleus and attach to a
ribosome; DNA is a nucleic acid.

Identify the missing phrases in the following sentence.
Mitosis is and meiosis is

A achange in the sequence of the genetic material
(DNA); part of a cell division where one parent
nucleus divides to form two genetically identical
daughter nuclei

cell division in which the number of chromosomes is
halved; the manipulation of the nucleotides to stop
genes making protein

the failure of a chromosome pair to separate at the
centromere; the type of cell division that occurs
when gametes are being made

part of a cell division where one parent nucleus
divides to form two genetically identical daughter
nuclei; cell division in which the number of
chromosomes is halved.

Identify which of the following is not a function of mitosis.
A replenishing the epithelial cells of the small intestine
that are shed daily

CHAPTER 2 REVIEW

B forming new red blood cells to replace those that are
worn out

C forming cells for sexual reproduction
D repairing cuts and abrasions of the skin

7 Identify the four nitrogen bases found in DNA.
8 Define the term ‘monohybrid cross’.

9 Define the following terms.

a GMO b transgenic organism

10 Recall why it is important to know your blood group.

Comprehend

11 Use the terms ‘gametes’ and ‘fertilisation’ to explain how
DNA is transferred from one generation to the next.

12 Describe Mendel’s conclusions from his work on
breeding peas.

13 Explain what is meant by the following formula:
Phenotype = genotype + environment

14 Explain the process of:
a gene cloning b gene therapy.

15 Describe the sort of information that can be determined
from the pedigree shown in Figure 1.

o

I

1 2 3 A

11T

1 2 Figure1 Apedigree

16 Explain why large-scale genetic screening programs
reduce the prevalence of genetic diseases.

17 Gene therapy has been proposed as a treatment for a
young boy suffering from Duchenne muscular dystrophy,
a degenerative disorder of the muscles. Describe three
factors that should be considered by the boy’s health team
prior to treatment.

Analyse

18 If a gene contains 600 nucleotide bases, calculate the
number of amino acids that would be incorporated into
the resulting protein. (HIN'T: 3 nucleotides = 1 codon =
1 amino acid.)

19 Compare a chromosome and a molecule of DNA.
20 Contrast the structure or function of DNA and RNA.

21 Use words and/or diagrams to contrast:
a anitrogen base and a codon
b diploid and haploid.



Contrast the following pairs of terms. 27 Wavy hair in humans is dominant to straight hair. A
a autosome and sex chromosome wavy-haired man and a straight-haired woman have two
b gene and allele children. The first child has wavy hair and the second
child has straight hair. Determine the genotype of all

¢ heterozygous and homozygous e )
four individuals and use suitable symbols to justify your

23 Contrast the information provided by a chromosome and

answer.
a gene.
28 Explain whether the blood group of the first child in a
24 If both parents have achondroplasia, calculate the family will affect that of the second child. Justify your
chances of their children being unaffected. answer (by describing the law of independent assortment,
25 Consider the Punnett square in Figure 2, which shows describing how this applies to the alleles of blood groups,
the inheritance for green (G) or yellow (g) pea colour in and describing whether previous children affect the law).
pea plants. 29 A student wants to check whether her grey cat is
Parent 1 heterozygous or homozygous for coat colour. Assuming
G g breeding was ethical and time efficient, describe how the
G GG Gg student could mate her cat to determine whether the cat
Parent 2 g Gg gg is heterozygous or homozygous for coat colour.

Figure 2 The inheritance of pea colours can be (HINT Grey colour is a dominant trait.)

predicted with a Punnett square.

Social and ethical thinking
a Identify the genotype and phenotype of Parent 1

and Parent 2. 30 The debate around embryonic stem cells is heated.

Investigate the advantages and disadvantages of using
embryonic stem cells to test vaccinations. Describe how
governments have intervened in this area. Select one
ethical approach to decide if embryonic stem cells should

b Calculate the chances of Parents 1 and 2 producing
offspring with green peas.

¢ Calculate the chances of Parents 1 and 2 producing
offspring with yellow peas.

L be used.
d Explain how you know one of the traits in the
Punnett square is dominant. 31 Scientists have discovered dozens of genes that are
believed to influence our athletic ability. In the lead up
Ap p |_y to the 2022 Winter Olympics, China announced that it
would use genetic testing to assess the athletic potential
26 A newborn baby shows distinct facial abnormalities. A of its athletes. This involved analysing blood samples of
karyotype (Figure 3) was prepared to determine whether potential athletes for the presence of alleles believed to
there were any chromosomal abnormalities. control athletic ability. In contrast, the Australian Institute

of Sport has warned against genetic testing for athletic
talent, especially in children. Select one ethical approach
to evaluate this use of genetic testing.

32 Phenylketonuria is an autosomal recessive genetic
disorder. It results in the lack of production of an
enzyme that is needed to convert the amino acid
phenylalanine to the amino acid tyrosine. A diet low
in phenylalanine and high in tyrosine is prescribed to
people with phenylketonuria to avoid problems with
brain development. Every child born in Australia is now
screened for phenylketonuria within weeks of birth.

Figure 3 The newborn baby’s karyotype Discuss the benefits of such genetic screening.

a Identify the total number of chromosomes shown. Critical and creative thinking
b Determine if the child is male or female. Justify o .
your answer (by describing the sex chromosomes 33 Select a genetic disease and create a pamphlet for display

present in a male and a female and comparing the in the reception area of a doctor’s surgery. The pamphlet
should outline information about the cause of the disease

(genetic or chromosomal abnormality), pattern(s) of
inheritance, the frequency of the disease in the population,
diagnosis, symptoms and treatment.

descriptions to the karyotype, and deciding if the
baby is male or female).

¢ As the geneticist, discuss what you could tell the
parents about their baby.

CHAPTER 2 GENETICS



34 Create a brochure that promotes the benefits of
purchasing organic and non-GM foods. Alternatively,

35 Create a teaching resource that could be used to teach a
Year 7 student about the process of cell division.

Research

36 Choose one of the following topics for a research project.
Some questions have been included to help you begin
your research. Present your report in a format of your
own choosing.

» Stem cell survival technique

Australian scientists have found a way to keep muscle
stem cells alive so they can regenerate damaged tissue
around them.

» Explain why this technique is important.

» Describe the technique used to keep the stem
cells alive.

Describe the immediate uses of this technique.

» A shrinking Y chromosome

TheY chromosome has been losing genes over the
course of time so that it is now only a fraction of the size
of the X chromosome.

» Describe how the Y chromosome has changed

over time.

Describe the future of the Y chromosome.
Describe the impact on humans if the Y
chromosome were to disappear.

Chapter checklist

Explain the principles of segregation and
independent assortment.

Describe the contributions of different scientists,
including Franklin and Watson and Crick’s research
on DNA.

Describe the structure of a nucleotide.

Explain the importance of DNA being able to make
copies of itself and carry information.

Define the terms ‘DNA’, ‘gene’ and ‘chromosome’
and explain the relationship between them.
Interpret a human karyotype.

Explain the role of DNA and RNA in the processes of
transcription and translation.

produce a brochure promoting the benefits of GM foods.

| can do this.

]
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» Cloning

An understanding of how cells replicate has allowed

scientists to clone animals.

» Define the term ‘clone’.

» Identify three animal clones that have been
developed since Dolly the sheep in 1997.

» Evaluate the benefits of cloning (by describing the
advantages and disadvantages of cloning animals,
comparing the costs of cloning and the benefits of
cloning, and deciding if the cost is equivalent to
the benefits).

»» DNA barcodes

A single cell in a human can contain 3 billion pairs of

nucleotides. Other organisms can contain even longer

lengths of DNA in a cell. This can make it difficult to

compare the DNA between different organisms. To make

this easier, scientists use DNA barcoding to quickly

identify commonalities.

» Investigate what DNA barcoding is.

» Explain why scientists may use this process.

» Explain how fast computers have been used to
compare the DNA sequence data sets in research.

» Explain how it has been used to understand the
cause of some genetic diseases.

Now that you have completed this chapter, reflect on your ability to do the following.

| cannot do this yet.

D Go back to Topic 2.1 ‘Science as a human
endeavour: Scientists review the research of other
scientists’.

Page 26

Go back to Topic 2.2 ‘DNA consists of a sugar-
phosphate backbone and complementary
nitrogen bases’.

Page 28

Go back to Topic 2.3 ‘Chromosomes carry genetic
information in the form of genes’.

Page 30

Go back to Topic 2.4 'DNA holds the code for
building proteins’.

Page 32

L]



Describe the stages of mitosis.
Explain how and why a cell undergoes apoptosis.

Describe the stages of meiosis | and meiosis Il.

Explain how combinations of dominant and
recessive alleles produce different genotypes and
phenotypes in individuals.

Predict genotypic and phenotypic ratios of a
monohybrid cross using Punnett squares.

Describe the different genotypes and phenotypes of
human blood groups.

Explain the function of different blood groups and
Rhesus markers and their importance.

Predict the inheritance of co-dominant traits using
Punnett squares.

Identify a trait as one of the four patterns of
inheritance (autosomal dominant, autosomal

recessive, X-linked dominant and X-linked recessive).

Explain how and why sex-linked traits are inherited
differently in males and females.

Describe how different sex-linked traits such

as haemopbhilia and red-green colour blindness
are inherited.

Analyse and interpret pedigrees to determine

if a trait is dominant, recessive, autosomal or
sex-linked.

Analyse and interpret pedigrees to predict whether
an individual will inherit a disease.

Distinguish between genetic and chromosomal
mutations.

Explain how substitution and frameshift mutations
alter nucleotide and amino acid sequences of

a protein.

Describe the purpose of genetic screening and testing.

Provide examples of diseases that are screened for.

Explain the human need for selected GMOs to
be produced.

Outline how a desirable gene can be inserted
into a plant cell.

Outline the process of gene cloning.

Explain how gene therapy can be used for
medical treatment.

Describe the different types of stem cells and
their uses in medicine.

Check your Student obook pro for these

digital resources and more:

]

[ 0

Go back to Topic 2.5 ‘Mitosis forms new somatic
cells.

Page 34

Go back to Topic 2.6 ‘Meiosis forms gamete cells'.
Page 36

Go back to Topic 2.7 ‘Alleles can produce
dominant or recessive traits’.

Page 38

Go back to Topic 2.8 ‘Alleles for blood group traits
co-dominate’.

Page 40

Go back to Topic 2.9 ‘Alleles on the sex
chromosomes produce sex-linked traits’.
Page 42

Go back to Topic 2.10 ‘Inheritance of traits can be
shown on pedigrees’.

Page 46

Go back to Topic 2.11 ‘Mutations are changes in
the DNA sequence’.
Page 50

Go back to Topic 2.12 ‘Science as a human
endeavour: Genes can be tested'.

Page 54

Go back to Topic 2.13 ‘Science as a human
endeavour: Genes can be manipulated’.
Page 56

Go back to Topic 2.14 ‘Science as a human
endeavour: Genetic engineering is used

in medicine’.

Page 58

Quizlet @ Chapter quiz
Play a Quizlet game to test Check your understanding

your knowledge. of this chapter with the

chapter review quiz.
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3.4

3.5

3.6

3.7

KR

Fossils provide evidence of evolution

> Explain how the existence of fossils provides evidence to support the processes

of evolution.

> Describe how fossils are dated using relative and absolute dating techniques.

Multiple forms of evidence support evolution

> Explain how continental drift provides a well-supported explanation for the geological
isolation of species that eventually results in divergent evolution.

> |dentify vestigial structures and explain how they are interpreted as evidence of an
ancestral heritage in which these structures once performed other tasks.

DNA and proteins provide chemical evidence for evolution
> Explain how mutations can cause small differences that can accumulate over time.

> Explain how scientists use the differences in DNA sequences to compare evolutionary

relationships between species.

Humans artificially select traits

> Describe how the breeding of an
organism with desirable traits has led
to domestication.

> Explain how the misuse of antibiotics
has led to the evolution of super-
bacteria such as MRSA.

Science as a human endeavour:
Natural selection affects
the frequency of alleles

> Explain how malaria is
a selection pressure for
the sickle cell anaemia allele.

> Describe how the process of natural
selection can result in an increase in
the frequency of the sickle cell allele
in malaria prone regions.

-~

What if?

Lolly selection

What you need:

Range of eating utensils [(e.g. spoons, forks,
chopsticks or straws), lollies

CAUTION! Make sure you check for food
allergies and avoid using lollies that
present a risk of anaphylaxis.

What to do:

1 Thisis a whole-class activity. Each group of
students has a different type of eating utensil,
such as spoons, forks, straws or chopsticks.
Each group has the same mix of lollies.

Using only the tool provided, try to collect as
many of the lollies as possible into a bowl.

What if:

» What if there were more spoons? (Would some
lollies be collected more quickly/slowly?)

What if only hard-boiled lollies were available?
(Which utensil would collect the most lollies?)

What if straws were the only utensil available?
(What type of lolly could they be used for?)




//SCIENCE AS
A HUMAN ENDEAVOUR//

Darwin and Wallace were
co-conspirators

3.1

Learning intentions

By the end of this
topic, you will be
able to:
e use evolution
as an example
to explain how
scientific theories
are based on
substantiated
evidence that is
contested and
refined over time.

Video 3.1
Galapagos

Scientific theories are explanations
of the natural world that are based
on well-substantiated evidence.
These theories are contested and
refined over time through a process
of review by the scientific community.
The statement ‘organisms change

In response to environmental
pressures’ is an observation. Natural
selection as the mechanism of
evolution, as proposed by Charles
Darwin and Alfred Wallace, is a
scientific theory that has 200 years of
reproducible experimental evidence
supporting it.

Figure 1 These layers of rock are an indication of different time periods. Pale
layers can sometimes represent volcanic ash released during an eruption.

Before
evolutionary
theory

The generally accepted belief for many
thousands of years was that life was ‘created’
by gods. Even events such as volcanic
eruptions and earthquakes were considered
to be expressions of the emotions of the gods.
Societies could have one or more gods, which
could be human or animal-like in appearance.

There was little thought given to whether
organisms changed over time. The idea of
extinction was not proposed until the 1790s,
when William Smith uncovered fossils while
analysing the geology of a mine in England.
Fossils were already known to be the remains
of living organisms, but Smith identified
organisms that had never been seen before and
was able to ‘date’ them by the layer of rock in
which they were found (Figure 1). This later
became known as relative dating.

Georges Cuvier, a French zoologist, collected
and examined many fossils. He concluded that
many of the animals represented were remains
of species now extinct. Mary Anning collected
and sold fossils to support her family and was
the first person to discover a 5m Ichthyosaurus
fossil. Because women were not allowed to join
scientific societies, the fossils she sold were
claimed as discoveries by men.

Early evolutionary
theory

Evolutionary theories were all proposed without
any knowledge or understanding of DNA and
genetic inheritance — making the following
accounts even more remarkable.



LAMARCKIAN THEORY

One of the first documented theories of
evolution was by Jean-Baptiste de LLamarck,

a French naturalist. LLamarck believed in
evolutionary change — that organisms change
over time due to changing environmental
conditions. He is best known for his hypothesis
of inheritance of acquired characteristics,
which was first presented in 1801. In this
hypothesis, LLamarck proposed that if an
organism changes during its lifetime in order
to adapt to its environment, those changes are
passed on to its offspring. This is how he
explained the long necks of giraffes (Figure 2).
The giraffes needed to stretch their necks to
reach food in the tops of the trees. Because
their necks were strong, their children were
born with long and strong necks.

There are many problems with Lamarck’s
hypothesis. For example, L.amarck’s hypothesis
implied that a man who had lost his arm
would have children with weak or deformed
arms. This was obviously not the case. August
Weismann finally provided scientific evidence
when he cut the tails off 22 generations of mice,
continually allowing them to breed with each
other. Unsurprisingly, all their offspring were
born with tails.

CHARLES DARWIN

Charles Darwin was well educated and had
been exposed to the sciences from an early age
through his father and grandfather, who were
both physicians. Darwin had also read the
works of Lamarck. In 1832, the young
23-year-old set sail on a 5-year world cruise as
the unpaid naturalist on the HMS Beagle.

During the final stages of the voyage, the
ship visited the Galapagos Islands, about 1000km
off the coast of South America. Here, Darwin
made his most significant observations.

Darwin and his helpers collected specimens,
trying to obtain at least one of each species.
Among the specimens collected were 13 finches,
all of which looked very much alike, including
the structure of their beaks, the form of their
bodies and their plumage. Yet each specimen
represented a new species and most had been
found on different islands.

In his journal, Darwin noted that these
birds were strikingly similar to those found on
the mainland of South America.

Figure 2 Lamarck believed that giraffes stretched their necks to reach
food and that their offspring, and later generations, inherited the resulting
stretched long necks.

Figure 3 Charles Darwin’s theory of evolution was a departure from
the traditional view of Creation and attracted much public interest
and criticism.

He wondered why the different populations
looked so similar, if new and different beings
had been placed on the islands at the time
of Creation.




Figure 4 On the Galapagos
Islands, tortoises’ shells
vary in shape according

to habitat.

The dry, volcanic Galapagos Islands
archipelago is also home to different species
of tortoise. Darwin noted that the different
types of tortoise had different-shaped shells
(Figure 4). Tortoises that live on dry islands,
such as Hood Island, have shells that are
raised at the front so they can reach up for
vegetation. In contrast, tortoises that live
on islands with dense vegetation have low
domed shells to help them push through the
shrubbery.

When he returned to England, Darwin
became aware that humans have selectively
bred pigeons and racehorses for more than
10000 years by choosing breeding partners
for animals and other organisms in an effort to
‘select’ for certain traits in their offspring. Over
many generations, the ‘wild’ traits are often lost
and the species is considered ‘domesticated’.

Darwin then wondered how ‘selection’
occurred in nature. Thomas Malthus’s paper,
An Essay on the Principle of Population, gave
Darwin the insight he needed.

Figure 5 Was the plague
simply nature’s way

of keeping the human
population in check?




Malthus argued in his paper that the human
race would completely overrun the Earth if
it was not held in check by war, famine and
disease, such as the plague, or ‘Black Death’,
in the fourteenth century (Figure 5). Darwin
concluded from this that, under changing
circumstances, favourable variations would
tend to be preserved and unfavourable ones
would be destroyed.

At last Darwin had a hypothesis to test. But
it would take another 20 years of painstaking
hard work discussing dog and horse breeding
with farmers, and conducting experiments
with pigeon breeding and barnacles, before he
was convinced that his hypothesis had enough
support to be developed into a theory.

ALFRED RUSSEL WALLACE

Alfred Russel Wallace (1823-1913) was a
naturalist working at the same time as Darwin.
Wallace collected specimens from tropical
regions, particularly the Malay Archipelago,
which is now Malaysia and Indonesia. Wallace
collected thousands of insects, shells and

bird skins, as well as mammal and reptile
specimens, many of which were new species
to science at the time. One of his best-known
discoveries was Wallace’s golden birdwing
butterfly.

During his time in the Malay Archipelago,
Wallace proposed the theory of natural
selection as the mechanism of evolution. In
1858, he wrote a series of letters to Darwin
outlining his idea. Darwin and his friends were
worried about who should get the credit for the
two theories, which were essentially identical.

3.1 Test your skills and capabilities

They decided to read Wallace’s letter and
Darwin’s paper, one after the other, at the
Royal Linnaean Society of LLondon. We now
associate Darwin with the theory of evolution
because, in 1859, Darwin followed the papers
with his book On the Origin of Species by Means
of Natural Selection.

Figure 6 Alfred Russel Wallace formed the same
theory as Darwin and at the same time. Wallace's
work was conducted in Asia, whereas most

of Darwin’s observations were made in South
America. Darwin had the advantage of a wealthy
family that could assist him in being published.
Perhaps this is why Darwin receives all the credit.

Refining science theories
Although Charles Darwin is credited with the
theory of evolution, he built upon the ideas
of other scientists, including Jean-Baptiste
de Lamarck, Georges Cuvier, Alfred Russel
Wallace and August Weismann.
1 Evaluate who should receive credit for
the theory of evolution by:
> drawing a timeline of the scientists
and their contributions to the theory
of evolution

> comparing (the similarities and
differences between) Lamarck’s theory
and Darwin’s theory

> discussing the importance of August
Weismann’s experiment

> comparing the different approaches of
Darwin and Wallace

> deciding which scientists made
significant contributions to the theory
of evolution.




Learning intentions

By the end of this
topic, you will be
able to:

e describe how
natural selection
results in
permanent
changes in

the frequency
of alleles in a
population
discuss how
selection

pressures
change the
allele frequency
of populations
over time.

biodiversity

the variety of life; the
different plants, animals
and microorganisms and
the ecosystems they live in

gene pool
all the genes or alleles in
a population

selection pressure

the environmental factors
that affect an organism’s
ability to survive

Figure 1 These Siberian
huskies have different
versions, or alleles, of the
gene for eye colour.

Natural selection Is the
mechanism of evolution

Key ideas

e Evolution is the permanent change in the number of alleles in a population due to

natural selection.

e Natural selection is the process where selection pressures select for or against a trait or
characteristic so that a species becomes better suited to its environment.

e All scientists make observations of the world around them; they then use these
observations and reasoning to make a conclusion (an inference).

Observations and inferences

Although scientists knew that living organisms
changed over time, how the change occurred
was first described by Charles Darwin and
Alfred Wallace. They did this through a series
of observations.

1 Members of a species are often different
from each other.

2 There are always more children than parents.

3 The size of a population does not change.

4 Some offspring do not survive (survival of
the fittest).

5 Offspring look like their parents.

These five observations led Darwin to make
three key inferences.

1 There is a struggle to survive, in which
some organisms die.

2 The organisms that die are not chosen at
random — those individuals that are most
suited to their environment survive.

3 Those individuals that survive pass their
favourable traits on to their children.

Variations in populations

Natural selection cannot occur unless there
is biodiversity in a population. A biodiverse

population has many different types of
traits, from camouflage colour to the

ability to sense and defend against
predators. Some species will even

have traits that allow them to
survive in different temperatures.

But where does this variation

come from?
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Much of the variation between individuals is
due to genetic differences that can be inherited
—something Darwin and his contemporaries
observed but did not understand.

Individuals of the same population generally
have the same number and types of genes but
different alleles (variations of the genes). For
example, all humans will have the gene for eye
colour, but the alleles they have for this gene
may be blue, brown or even hazel. New alleles
arise because of small changes in the DNA
sequence. Some mutations are not obvious in
the appearance of an organism. Other
mutations cause variations in the physical
appearance (phenotype) of the individual.

For example, it was a single mutation about
6000-10000 years ago that resulted in one of
our ancestors having blue eyes.

All the different types of genes in the entire
population can be thought of as a gene pool —

a pool of genetic information. The gene pool
includes all the alleles for all the genes in the
population. New alleles arise through changes (or
mutations) in the DNA that makes up the genes.

A mutation may give an individual an
advantage, making them better able to survive
than others of their population. This means they
have a greater chance of mating and passing
their genetic advantage on to their offspring.

Selection pressures cause some of these
new variations to survive and others to die.
Selection pressures include any environmental
factor affecting an organism’s chance of survival.
For example, it may be an advantage to be able
to survive in hot weather, or to escape a predator
by running fast. If an organism is suited to its
environment, then it is able to mate and produce
offspring.
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3.2: What if the habitat of bean
prey was changed?
Go to page 238.

EXPERIMENT

The offspring will have the same survival
characteristics (and the corresponding alleles)
as their parent. This gradually changes the
frequency of alleles in the gene pool. This
process of selecting for or against a characteristic
so that the species will be better suited to its
environment is called natural selection.

Allele frequencies

The frequency of an allele is how common
that allele is within a population. The allele
frequency is affected by environmental
conditions. If the environmental conditions are
favourable, then more of that allele will appear
in the next generation.

An example of this is the ability of First
Nations peoples in Western Australia to avoid
the damaging effects of high temperatures.

It is thought that a single mutation in a gene
(creating a new allele) changes how their bodies
react to high temperatures. In hot weather,

their bodies do not increase metabolic activity,
reducing the extra heat that is usually generated.
This ability is also useful during an infection,
as it can prevent the development of high fevers.
It also provides a selection advantage in the
extreme heat of the inland areas of Australia.
This survival advantage means they are more
likely to survive and have children with the
same alleles. This increases the number of
individuals with the same alleles and increases
the frequency of the allele in the population.

Evolution is the permanent change in the
frequency of alleles in a population due to
natural selection.

3.2 Check your learning

Mutating moths

In the 1950s, scientists in England
documented changes in the colour
of the moth species Biston betularia.
These moths range in colour from light grey

to nearly black. During the day, the moths rest
on tree trunks. In unpolluted areas, tree trunks
are covered with light-grey lichens, against
which lighter moths are well camouflaged. In
areas with severe air pollution, lichens cannot
survive, so tree trunks are lichen-free and dark,
exposing lighter moths to predation from birds.

It seemed to researchers that, as areas
became more polluted, dark moths increased in
frequency. This is often described as selection
pressure. The darker-coloured bark allowed
the dark moths to survive (be selected for), and
caused the lighter moths to be eaten (be selected
against). Natural selection was increasing the
frequency of the allele for dark colour in the
population. This was selection pressure in
favour of the ‘dark’ colour allele.

In 1952, strict pollution controls were
introduced in England, the lichens returned,
and the tree trunks became mostly free of
soot. Predictably, selection pressures started
to operate in the reverse direction. In areas
where pollution levels decreased, light moths
were selected for and dark moths were selected
against. The frequency of dark moths decreased.

Other examples of directional selection
include the evolution of pesticide-resistant
insects and antibiotic-resistant bacteria. In
these cases, our use of chemicals (i.e. pesticides
or antibiotics) has selected for variants that are
resistant to the chemicals.

Figure 2 Dark-coloured
moths of the species Biston
betularia increased in

numbers when air pollution
killed lichen on trees. Lighter-
coloured moths (such as

the one on the right side of
the image) became more
visible to predators and were
selected against.

natural selection
when the natural
environment selects for
or against a physical
characteristic

evolution

the gradual change in
the genetic material of a
population of organisms
over a long period of time

Comprehend

1 Variation in individuals can occur in different ways, 5
but there is only one way in which new alleles can arise.
Describe the process that can result in new alleles.

2 Describe the selection pressures that caused the allelic
frequency of light-grey moths to decrease in England

in the 1950s.

3 In your own words, describe the mechanism by which

Analyse

he made.

Apply

Darwin made a series of inferences based on
observations he made over 20 years. Connect each of
Darwin’s observations with the appropriate inference

6 Create a diagram that illustrates the process of

natural selection can influence the frequency of alleles

in a population.

4 Explain why natural selection cannot increase
or decrease the frequency of some mutations

in a population.
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natural selection of the moths in England.

@ Quiz me
Complete the Quiz me to check how well you've mastered

the learning intentions and to be assigned a worksheet at

your level.
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speciation

the process that results

in the formation of a

new species

adaptation

a characteristic or
behaviour of a species that
allows it to survive and
reproduce more effectively
gene flow

the flow of genes from one
generation to the next, or
from one population to the
next, as different families
or groups in the population
choose partners and mate
isolation

the division of a population
into two groups

diverge

in relation to two species:
to become more different
over time due to different
selection pressures,
possibly becoming
reproductively isolated
homologous structure
structure that is similar in
different species, because
those species evolved from
a common ancestor, but
do not necessarily have

the same function now;

an example is forelimbs in
different mammal species

Different selection pressures
cause divergence. Similar
selection pressures cause

convergence

Key ideas

e Speciation is the formation of a new species that cannot reproduce with other species.
e Allopatric speciation can occur when a permanent barrier separates a population and

prevents gene flow.

¢ Divergence occurs when one population becomes two new species.
e Convergence occurs when two different species become more physically similar due to

similar selection pressures.

A species is a group of organisms who are able
to breed with each other in natural conditions
to produce offspring that are viable (alive) and
fertile (able to have children of their own).

The process of forming a new species is
called speciation.

Speciation

When a variation within a species is favoured
by the environmental conditions, it is referred
to as an adaptation. Variations within a
species provide ‘options’ for the species when
environmental conditions change. Although
individual organisms may be wiped out, some
members of the population with the favourable
adaptation survive and continue the species’
gene pool.

Along the way, entire species may become
extinct and new species will emerge. New
species can increase the biodiversity of the
environment.

Under normal conditions, genes in a given
population are exchanged through breeding.
This means the genes will flow from one
generation to the next as families or groups
in the population choose partners and mate.
This is called gene flow. But the gene flow is
interrupted if the population becomes divided
into two groups; this is called isolation. If
there is no exchange of genes between the two
groups, then they may begin to look and behave
differently from each other.
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Over time, different selection pressures
occur in the two groups. Different characteristics
are selected for. Given enough time for evolution
to occur, the two populations may become so
different that they are incapable of interbreeding
should they ever come together again. The two
populations become reproductively isolated and
therefore are different species (speciation). The
two species have diverged.

Allopatric speciation is one of the most
common ways species become different or
diverge. In this type of speciation, a permanent
barrier such as canyons, rivers, roads or oceans
separates a population of organisms, allowing
different mutations and selection pressures to
change the allelic frequencies until they are
different species.

Even though populations diverge and
become different species, they retain some
characteristics in common. These characteristics,
such as forelimbs, may be used for different
purposes because the selection pressures
have changed. Common structures that
are found in different species often have
a similar pattern but a different function.
These structures are known as homologous
structures. The most commonly discussed
homologous structure is the pentadactyl
limb — the pattern of limb bones in all groups
of tetrapods (four-legged vertebrates) that ends
in five digits (Figure 1). This structure is found
in the fins of certain fossil fishes from which the
first amphibians are thought to have evolved.
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3.3: Divergent and convergent evolution
of big beaks and small beaks
Go to page 239.

All tetrapods have the same basic structure of the =~ common ancestor). For example, a dolphin analogous structures
pentadactyl limb. (mammal) and a shark (fish) have the same Struft“res 11 organisms
These commonalities indicate that these environmental selection pressures. Although of different species t.h a
K o . have the same function
organisms originated from a common ancestor. these species do not share a recent common but are structurally
But, during the course of evolution, mutations ~ ancestor, they both need to move through water ;e o because they
and different selection pressures modified these ~ fast enough to catch fish and escape predators. evolved independently; for
structures and they are now used for different As a result, they both have a streamlined example, wings in birds
purposes. body with fins and a tail. This is an example and bats
Analogous structures are structures in of convergent evolution. The wings of birds )
; : and butterflies are also analogous structures convergent evolution
organisms that perform the same function but Fi the process whereby
are structurally different (suggesting no recent (Figure 2). unrelated organisms evolve
. ~ to have similar
Bat (flying) Forelimb Monkey (grasping) characteristics as a result
1 of adapting to similar
upper arm —= humerus .
environments
forearm  — radius + ulna
2 5 wrist —= carpal | Pig (walking)
3 4 hand/foot —= metacarpals 5
+ phalanges 1534
Whale (swimming)
S
l’ 1 \‘\ .
175y 'S Figure 1 The homologous
234 5 forelimbs of different
Digits 34] 2 mammals show the same
4 : .
basic structure, with a
single upper bone, two
1 5 lower limb bones, small
Horse (running) wrist or ankle bones
; 2 . .
Anteater (tearing) 3 and five digits that are

1 Define the term ‘homologous structure’.

2 Identify an example of an analogous structure.

3 Define the term ‘speciation’.

4 Use an example to describe how a permanent barrier
could create a new species.

5 Describe how gene flow influences the process
of speciation.
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3 adapted to different uses.

Figure 2 The wings of
a a bird and the wings
of b a butterfly are
analogous structures:
they perform the same
function but have
significantly different

structures.

Contrast an individual organism adapting to the
environment, and the adaptation of a species.

Discuss how the land ancestors of dolphins evolved to
become the streamlined mammals we see now.

@ Quiz me
Complete the Quiz me to check how well you've mastered

the learning intentions and to be assigned a worksheet at
your level.
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Learning intentions

By the end of this
topic, you will be
able to:

e explain how the
existence of
fossils provides
evidence to

support the
processes of
evolution

describe how
fossils are dated
using relative and
absolute dating
techniques.

fossil

the remains or traces of an
organism that existed in
the past

fossilisation
the process of an organism
becoming a fossil

transitional fossil

a fossil or an organism
that shows an intermediate
state between an ancestral
form and its descendants;
also known as a ‘missing
link’

relative dating

a method of determining
the age of an object relative
to events that occurred
before and after

absolute dating

a method of determining
the age of a fossil, by
measuring the amount

of radioactivity remaining
in the rock surrounding
the fossil

half-life

the time it takes the
radioactivity in a substance
to decrease by half

Fossils provide evidence

of evolution

Key ideas

e Fossils are remains or traces of an organism that once existed.
e Transitional fossils are intermediary fossils that have traits of both the ancestral

organism and the more recent organism.

¢ Relative dating determines the relative order in which the fossilised remains were buried;
older fossils are found in deeper layers than more recent fossils.

e Absolute dating uses the amount of radioactivity remaining in the rock surrounding the

fossil to determine its age.

Evolution

Support for any theory, including evolution,
requires evidence from a range of sources that
all point towards the same explanation. Early
evidence for evolution came from the discovery
of fossils that identified extinct species. A species
is extinct when there are no living members of
the species left. The discovery of many unknown
types of plants and animal fossils reinforced the
fact that life forms change with changing
environmental pressures — even if that simply
means that many die and only few survive.

What are fossils?

Fossils are the remains or traces, such as
footprints, imprints or coprolite (fossilised
faeces), of organisms from a past geological
age embedded in rocks or other substances by
natural processes.

Fossilisation requires the organism, or its
traces, to be buried away from oxygen quickly
so that weathering and total decomposition do
not occur. Skeletal structures or other hard
parts of organisms that resist weathering are
slower to decompose and therefore are more
likely to form fossils.

Figure 1 Formation of a fossil. aand b If an organism dies near water, it has a greater chance of being
covered by sediment. The sediment protects the body from predators and weathering. ¢ Over millions
of years, more sediment is deposited, replacing the remains so they are transformed gradually into
sedimentary rock. d Years of geological movement, weathering and erosion may eventually expose

the fossil.
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These are the most common form of
fossilised remains. Figure 1 shows how the
process of fossilisation occurs.

Transitional fossils

Darwin’s theory suggests that life originated in
the sea, crawled onto land and then took to the
skies or grew fur. The evidence that links these
stages is in the form of transitional fossils,
which are sometimes referred to as ‘missing
links’. Transitional fossils will often display
some characteristics of two different species.
When Darwin first published his theory,
he stressed that the lack of transitional fossils
was the largest obstacle to his theory because,
at that time, very little was known about the
fossil record. Since then, many excellent
examples of transitional fossils have been
found, such as Archaeopteryx (Figure 2),
which was discovered in the Solnhofen area of
Germany just 2 years after Darwin’s work was
published. Archaeopteryx is the earliest and most
primitive bird.

Dating fossils

It is possible to find out how a particular group
of organisms evolved by arranging its fossil
records in a chronological (time) sequence.
Relative dating can provide approximate dates
for most fossils because fossils are found in
sedimentary rock. Sedimentary rock is formed
by layers (or strata) of silt or mud on top of each
other (Figure 3). Over time, the layer containing
the fossil is buried deeper under the surface.
The deeper the layer, the older the rock. Each
layer acts as a time capsule that contains fossils
that lived during that period. Older fossils are
buried deeper than younger fossils.

Advances in our understanding of matter
have led to technologies that can provide more
accurate time frames for fossils. Absolute
dating relies on the level of radioactivity in
the fossil. Every living organism maintains
a constant low level of radiation. When an
organism dies, the amount of radioactivity
starts decreasing. The time it takes for half the
radioactivity to decrease is called the half-life.
In one half-life, there is a 50 per cent decrease
in the initial radioactivity level. In the second
half-life, the remaining radioactivity decreases
by half again, leaving only 25 per cent of the
starting radioactivity level. This will continue
until only very small levels of radioactivity
are left.

OXFORD UNIVERSITY PRESS

Figure 2 Archaeopteryx is an important transitional fossil. It displays a number
of features common to both birds (hollow wishbone and feathers) and reptiles
(teeth, flat sternum/breastbone, three claws on the end of its wings and a long
bony tail).

Conglomerate

—
Sandstone
| Youngest
Shale rocks
Limestone &g S : g —
L Oldest
rocks
-

Figure 3 Relative dating is used to work out the age of rocks and fossils. Older
rocks are found below younger rocks.

Figure 4 This fossil of Triceratops horridus is 65 million years old.
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Cenozoic

Mesozoic

Palaeozoic

This pie chart shows
the relative duration
of the four eras.

Figure 5 The history
of living things (mya
= million years ago),
as determined by
palaeontology (the
study of fossils)

If scientists know the length of an element’s
half-life, they can determine how many half-
lives have passed by measuring the amount of
radioactivity.

Therefore, they can determine the age
of the fossil or rock. Worked example 3.4
illustrates how to calculate the number of half-
lives that have passed in a fossil.
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3.4: Popcorn dating
Go to page 240.

EXPERIMENT

Worked example 3.4: Calculating half-lives
A fossilised piece of coral was found at a beach in Beaumaris, Melbourne. Scientists at the Melbourne Museum determined

that the fossil has 1 of radioactive carbon-14 remaining.

a Calculate the number of half-lives that have passed in the fossil.
b If 1 half-life = 5000 years, calculate the age of the fossil.

Solution

a After 1 half-life, % of the radioactive material will remain.

After 2 half-lives, % of the radioactive material will remain (

N|—= N|—
X

A= N =

—

After 3 half-lives, é of the radioactive material will remain (

Living fossils

According to fossil records, some modern species
of plants and animals are almost identical to species
that lived in ancient geological ages. Living fossils
are plants or animals that have not changed their
shape or way of living for thousands or even
millions of years. This means the selection
pressures for these organisms have not changed
and therefore there has been no pressure for the
organism to change.

Therefore, 3 half-lives have passed.

b If 1 half-life = 5000 years, 3 half-lives = 15000 years. The fossil is 15000 years old.

Trace fossils

Not all fossils are bones. Occasionally,
other forms of evidence for living things
can be found. Footprints in mud can
become permanent indentations when
the mud becomes stone. Faeces (or poo)
can become buried and form a fossilised
coprolite. Plants can leave a leafy
imprint. All of these forms of evidence
are called trace fossils.

living fossil

an existing species of
ancient lineage that has
remained unchanged in
form for a very long time

3.4 Check your learning [7_1

Retrieve

1 Define the term ‘transitional fossil’.

Comprehend
2 Describe the process of relative dating a fossil.

3 Living fossils have remained relatively unchanged,
often for millions of years, while around them other
species have adapted or become extinct. Explain why
some species are able to remain unchanged for such a
long period.

Analyse

4 A fossil of a giant 7 cm long mega shark tooth
(Carcharocles angustidens) was found on the beach of
Jan Juc. The age of the fossil could be determined
using absolute dating. If the amount of hafnium-182
(half-life ~ 8 million years) remaining had decreased
from 100 per cent to 12.5 per cent, calculate the age
of the tooth.

5 Contrast relative dating and absolute dating.

OXFORD UNIVERSITY PRESS

Apply

6 Evaluate whether the theory of evolution will ever
become fact (by contrasting the scientific terms
‘theory’ and ‘fact’, and deciding whether the theory
of evolution could become a fact).

7 Fossils were found at four locations (Figure 6). Use
relative dating to determine which location had the
oldest fossils.

Location 2 Location3 Location 4

Location 1

Figure 6 Fossils found at four different locations

Quiz me

Complete the Quiz me to check how well you've mastered
the learning intentions and to be assigned a worksheet at
your level.
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Learning intentions

By the end of this

topic, you will be

able to:

e explain how
continental
drift provides a
well-supported
explanation for
the geological
isolation of
species that
eventually results
in divergent
evolution
identify vestigial
structures and
explain how they
are interpreted
as evidence of
an ancestral
heritage in which
these structures
once performed
other tasks.

Video 3.5
Horses and rhinos

share an ancestor

continental drift
the continuous movement
of the continents over time

Multiple forms of evidence
support evolution

Key ideas

e Biogeography is the study of how the continents move across the Earth and how this
directly affects the location of organisms.

e When continents collide, species can spread, and when continents separate, the new
species move with them.

e The study of how genetic material affects the development of embryos (embryological
studies) is a new and growing field of study.

Biogeography

At the beginning of the seventeenth century,
the English philosopher Francis Bacon noted
that the east coast of South America and the
west coast of Africa looked as though they
could fit together like pieces of a jigsaw

(Figure 1). Since then, our knowledge of the
structure of the Earth has developed, and the
theory of continental drift through plate
tectonics continues to be supported by
observations of various phenomena across the
planet. It is now thought that at one time all the
continents were connected in a single land mass
— Pangaea (Figure 2). This supercontinent then
broke into two to form Gondwana in the south
and Laurasia north of the equator. Over long
periods of time, the two land masses drifted
apart and re-joined to form the continents that
we now know. During this drift of land masses,
populations of organisms were separated,
forming new diverged species.

Antarctica

Figure 2 How the continents have drifted:
Figure 1 The jigsaw fit of Africa and South a 220 million years ago; b 135 million years ago;
America supports the theory of continental drift. ¢ 65 million years ago; and d today
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This theory of continental drift is supported
by identical fossils buried on the land masses that
used to be joined. An example of this is fossilised
pollen that has been found in Antarctica, India
and Australia (Figure 3). Although animals
that could fly or swim could travel from
continent to continent, continental drift is the
only convincing explanation for the distribution
of the plant pollen.

Continental drift provides a well-supported
explanation for the geographical isolation of
species that eventually results in speciation —
divergent evolution. Groups of similar species,
such as the ratites (flightless birds), and the
existence of marsupials on several continents,
can be explained by biogeography (Figures 3
and 4). ‘Coincidence’ is simply not a scientific
explanation.

AFRICA

SOUTH
R AMERICA

ANTARCTICA

LEGEND

Fossils of Mesosaurus were
found in Argentina and Africa

TETHYS SEA but nowhere else in the world

Fossil ferns Glossopteris and
Gangamopteris were found in
all the southern land masses

Remains of Lystrosaurus were
found in Africa, Antarctica,
and India

These present-day organisms
are similar to organisms on
other continents (e.g.
marsupials in Australia and
South America)

Cynognathus, a Triassic reptile,
lived in Brazil and Africa

Distribution of late
Palaeozoic glaciers

Locations of major
plateau basalts

Figure 3 Evidence for the existence of the supercontinent Gondwana is provided by the similarity of fossils on different continents.
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Figure 4 Similar lungfish are found in South America, Africa and Australia. Similar marsupials are found in South America

and Australia.
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vestigial structure

a structure in an organism
that no longer has an
obvious purpose

Vestigial structures

Vestigial structures are structures that no
longer have a function in organisms. They
have puzzled naturalists throughout history
and were noted long before Darwin first
proposed the concept of evolution from

a common ancestor (also called common
descent). We now understand that individual
organisms contain, within their bodies,
evidence of their histories. Some structures
within the organisms would have once been
useful; however, their function has since been
replaced so they are no longer needed. If the
structures are not selected against (it is not
harmful to keep them), then there is no reason
for the structure to disappear. This means the
non-functioning structure stays inside the
organism. Examples of this include the tiny
wings of a cassowary and the hindlimb buds
of many snake species, which still carry
vestigial pelvises hidden beneath their skin
(Figure 5). These structures are not needed,
but they still exist because they were once
important.

Vestigial structures are now interpreted as
evidence of an ancestral heritage in which
these structures once performed other tasks.
The wings of a cassowary are a reminder that
a distant relative of this organism once used
its wings to fly. Similarly, snakes evolved from
a four-legged ancestor. Humans, too, carry
the evolutionary baggage of our ancestry.
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The ancestors of humans are known to have
been herbivorous, and molar teeth are required
for chewing and grinding plant material. More
than 90 per cent of all adult humans develop third
molars (otherwise known as ‘wisdom teeth’).
Usually these teeth never erupt from the
gums, and in one-third of all individuals
they are malformed and impacted. These
useless teeth can cause significant pain and an
increased risk of injury, and they may result in
illness if they are not removed.

Analysing embryos

Scientists have noticed that, although adult
vertebrates have certain differences, many
embryos demonstrate similarities during the
early stages of development. For example,

a chicken and a human are very different
when fully formed, but chicken embryos are
very similar to human embryos (Figure 6).
Even reptile embryos are similar to human
embryos. Embryos may also show many
interesting features that are not seen in the fully
developed animal. As the embryo develops,

it goes through a variety of stages. Many of
these stages show homologous structures with
different species.

If the various life forms developed
independently, we could think that their
embryonic development would be different and
consider what the organism would look like
when it was fully developed.

-
N {:»

Figure 5 The rear legs on a snake (as shown by the arrow) are an example of a vestigial structure.
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It would make more sense for a horse to
develop a hoof directly rather than first develop
five finger-like digits that are then modified
into a hoof.

The embryological similarities are
explained by inferring that these organisms all
had a common ancestry with common genes.
Whales start developing teeth embryonically
because they evolved from ancestors that had
the genes for teeth. Human embryos develop
gill-like structures and tails during their early
development because they have the genes for
these structures. These genes get turned up
or down or ‘switched off” during later stages
of development. For example, the gene for a
bat’s fingers becomes ‘supercharged’ during
embryological development so that the fingers
start growing faster than the rest of the body
(Figure 7). This makes the fingers of the bat
extra-long compared to the rest of its body.
The long fingers then develop into support
structures in the bat’s wing. These similar

structures, coded by similar genes, provide
further evidence supporting evolution.

1 The frogs in Australia show their closest evolutionary
relationships to frogs in Africa and South America.

Explain how this is possible.
2 Explain how the presence of vestigial structures
supports the theory of evolution.

Fish Salamander Tortoise

Explain why human embryos temporarily develop
gill-like structures.

Describe how the gene that forms fingers changes to
form the wings on a bat.

Geologists are identifying ancient magnetic rocks that
suggest magnetic north has moved over millions of
years. Explain how this information could be used to
support the theory of continental drift and the theory
of evolution.
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Chicken Pig Rabbit Human

Figure 6 Common structures in the early stage of embryonic development
of vertebrates indicate the existence of common genes.

Figure 7 As an embryo, the ‘finger genes’ of t
bat become more active. As a result, the bat’s
fingers grow much faster than the fingers of
other embryos.

he

@

6 Jemima thinks that if native Australian marsupials were

found in North America, this would support the theory
of continental drift. Evaluate her claim (by describing
two reasons that support her claim, describing two
reasons that refute her claim, and deciding which
reasons are most convincing).

Complete the Quiz me to check how well you've mastered
the learning intentions and to be assigned a worksheet at
your level.
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Learning intentions

By the end of this
topic, you will be
able to:

e explain how
mutations can
cause small
differences that
can accumulate

over time

explain how
scientists use
the differences in
DNA sequences
to compare
evolutionary
relationships
between species.

evolutionary relationship
the way in which two
species or populations are
related with respect to
their evolutionary descent

protein
a chain of amino acids;
an essential part of cells

amino acids
small molecules that make
up proteins

Figure 1 There are many
different sequences of
amino acids that could
make a functional
cytochrome ¢ molecule.

for evolution

Key ideas

JNA and proteins
orovide chemical evidence

e The basic structure of DNA and proteins is identical for all species on Earth.

¢ Small differences in the sequences of amino acids in proteins and nucleotides in DNA can
be used to determine the evolutionary relationship between species.

e The more differences in the nucleotide sequence between organisms, the more time has
passed since they shared a common ancestor, and the greater the evolutionary distance

between the species.

Comparing DNA

The best evidence in support of evolutionary
theory comes from a study of gene sequences.
The order of nucleotides in DNA in
chimpanzees and humans is 97 per cent
identical. Millions of years in the past, humans
and chimpanzees shared a common ancestor.
A separation in the population of ancestors
allowed mutations (permanent changes in the
order of DNA nucleotides) to accumulate. This
accumulation of mutations eventually caused
the 3 per cent difference in the DNA sequence
that resulted in the formation of humans
and chimpanzees.
Comparing the order of the nucleotides
in DNA allows scientists to compare the
evolutionary relationship between different
species. If the theory of evolution is
supported, then species that share a
common ancestor will have inherited
that ancestor’s DNA sequence.
Any mutations will cause slight
differences between the species. The
more alike the two DNA sequences
are, the more closely related the two
species are. The more differences in
their DNA sequences, the more time
has passed since the two species had
a common ancestor and the less related
they are now (Figure 2).

Comparing amino acids
in proteins

The order of the nucleotides in DNA contains
the recipe for the production of proteins.
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When the DNA changes due to mutation, it
can cause changes in the protein it produces.
Proteins are like long necklaces made up of a
series of beads. The beads are called amino
acids. DNA provides the instructions for the
order of the amino acid beads. Proteins range
in size from approximately 50 amino acids to
thousands of amino acids and are among the
most important chemicals in life. They can
be enzymes that control chemical reactions,
or hormones, the chemical messengers in

the body. The characteristics of a protein

are determined by the order or sequence of
amino acids.

The same type of proteins in different species
can be very much alike. Cytochrome c is one
such example. Several types of cytochrome ¢
proteins are found among different vertebrates
and invertebrates (Table 1).

Comparing the sequence of amino acids
in a protein can show the evolutionary
relationship between different species. Before
a species diverges, the organisms will have
exactly the same protein with an identical
sequence of amino acids. When the two
species diverge, the number of mutations
gradually accumulates. This may not affect
the structure or function of the protein, but
it can change a few amino acids in the long
chain. The more time that passes, the more
the changes to the amino acid sequence can
accumulate. Therefore, the more similar the
proteins, the more closely related the species.
This means organisms with similar proteins
share a very recent common ancestor.
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3.6: Who is my cousin?
Go to page 241.

Table 1 The sequence of amino acids that make up cytochrome c protein in different animals

Human Val Glu Lys Gly Lys
Chicken Val Glu Lys Gly Lys
Lungfish Val Glu Lys Gly Lys
Fly Val Glu Lys Gly Lys

Lys Ile Phe
Lys Ile Phe
Lys Val Phe
Lys Leu Phe

phylogenetic tree
a branching tree-like

lle diagram showing

Val relationships between

Val different taxonomic groups
Val

Note: Val = valine; Glu = glutamic acid; Lys = lysine; Gly = glycine; Ile = isoleucine; Phe = phenylalanine.

Phylogenetic trees

Before scientists were able to compare proteins
and DNA, they examined the structures of
organisms to determine whether they were
related. The difficulty with this is that some
organisms, such as dolphins and sharks, look
very similar because of convergent evolution.

Species A -G T TGAGG-
Species B -G
Species C -G

TATACTGAGG-

TAGTGAGG- I
Species D -G TAGTAAGG- D

Pttt

Figure 2 Comparing the DNA sequences allows scientists

to determine the evolutionary relationship between different
species. Species A is most closely related to B. Species D is
the most distant relative of A. A phylogenetic tree for the four
species is shown on the right.

1 Identify the smaller (bead-like) structures that make

up proteins.

2 Identify the cause of gradual changes to the sequence

of nucleotides in DNA.

3 Cytochrome c is of interest to biologists studying
evolution. Explain how the study of cytochrome ¢

protein can contribute to the evidence of evolution (by

explaining how DNA contributes to the sequence of
amino acids in a protein, explaining how mutations
affect the sequence of amino acids, and explaining
the relationship between common ancestors and
diverged species).

4 Explain how DNA sequencing supports the concept of

evolution from a common ancestor.

5 Table 1 shows a small section of the cytochrome ¢
molecule for humans, chickens, lungfish and flies.

Identify the species that shows the greatest similarity

to humans. Justify your answer (by explaining the
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Currently, scientists use
the differences in DNA
sequences to compare the
evolutionary relationship.
One way of showing
how closely related
different organisms
are is through a
phylogenetic tree
(Figure 2). Comparing
the DNA sequences
between humans,
chimpanzees and
gorillas shows that
humans are more closely
related to chimpanzees
than to gorillas. This
means that humans and
chimpanzees are drawn
closer together on the
phylogenetic tree.

Humans

Chimpanzees

7 million
years ago

9 million
years ago

Common ancestor

Figure 3 Gene sequencing has shown that
humans, gorillas and chimpanzees all
evolved from a common ancestor.

relationship between DNA mutations and amino

acid sequences, identifying the animal with the least
difference, and explaining how this is an indication of
evolutionary relationships).

6 Use the phylogenetic tree in Figure 4 to determine
which species is most closely related to species A.

A

Figure 4 A phylogenetic tree

Quiz me
Complete the Quiz me to check how well you've mastered
the learning intentions and to be assigned a worksheet at

your level.
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Learning intentions

By the end of this
topic, you will be
able to:

e describe how
the breeding
of an organism
with desirable
traits has led to
domestication
explain how
the misuse
of antibiotics
has led to the
evolution of

super-bacteria
such as MRSA.

Figure 1 Some animals
have become so
dependent on humans
that they struggle

to survive in natural
conditions. Sheep now
rely on humans to
remove their wool.

artificial selection
when humans breed
organisms that have

desirable traits, increasing

the likelihood of that
trait occurring in the
next generation

Humans artificially

select traits

Key ideas

e Artificial selection occurs when humans breed organisms that have desirable traits.

¢ Rapid regrowth through binary fission or horizontal transfer has led to an increase in
some bacteria such as methicillin-resistant Staphylococcus aureus (MRSA).

Selective breeding

Humans have practised selective breeding

for more than 10000 years. When many
human populations moved from the hunter—
gatherer way of life to more permanent settled
communities, they captured and tamed wildlife
for their own purposes. Wild sheep grew wool
in winter climates to keep warm. During the
warmer summer months, they shed their wool
in large clumps. Early humans chose the wild
sheep that produced the most wool and bred
from them. A random mutation caused the
wool to grow all year round. These sheep were
selected by breeders over many generations.

Figure 2 a Modern bulldog and b the bulldog

200 years ago. Over the last 200 years, breeders

of British bulldogs have selected dogs with large
flat faces. This has resulted in many birthing
difficulties for female dogs. Up to 90 per cent of
bulldogs are born by caesarean. The flat faces also
make the dogs more prone to breathing difficulties.
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After thousands of years, the sheep became
unable to shed their wool. This means these
once wild animals became more reliant on
humans removing their wool to survive
(Figure 1). Over many generations, the ‘wild’
traits were lost and the species was considered
‘domesticated’.

Artificial selection

The process of humans selecting for or against
a particular characteristic or trait is called
artificial selection. Unlike natural selection,
artificial selection does not make the organism
more suited to the environment. This is

most evident in our pets. Many breeds (or
subspecies) of dogs result from certain traits
being selected by breeders. These purebred
dogs can have very similar genetics, which can
result in damaging recessive characteristics
appearing (Figure 2).

Evolution of super-bacteria

Humans can also influence the evolution

of bacteria. One of the deadliest species of
bacteria in hospitals is methicillin-resistant
Staphylococcus aureus (MRSA or Golden
Staph). These bacteria have arisen as a result of
humans overusing antibiotics.

Figure 3 Another example of artificial selection,
bubble-eye goldfish can have problems with
buoyancy, which affects their ability to swim.

OXFORD UNIVERSITY PRESS



3.7: Selective breeding of dogs

CHALLENGE Go to page 242.

Figure 4 Selected for its hairless coat, the sphynx
cat was recognised as a new breed in 2008.

Staphylococcus aureus is normally found on
the skin and in the noses and throats of many
individuals in the population. Antibiotics
prevent these bacterial cells from repairing or
producing new cell walls, causing the cells to
die rather than reproduce. In some populations,
random mutations caused some Staphylococcus
aureus cells to be unaffected by antibiotics.
These bacteria became resistant.

When a person has a bacterial infection,

a doctor will often prescribe an antibiotic.

If there is a single bacterium present that is
able to resist the antibiotic for a short time,
then it will survive longer than the rest of the
bacteria. If the person feels better and stops
taking the antibiotic, that partially resistant
bacteria will start reproducing again through a
process called binary fission. This makes the
person sick again, so they take the rest of the
antibiotics. Once again the partially resistant
bacteria slows its growth, but this time another
random mutation causes a fully resistant
bacteria to start growing. This bacterium is not
affected by the antibiotic and can easily spread
to other patients in a hospital.

MRSA is such a bacterium. The misuse of
antibiotics by humans selected the bacteria for
its resistance (Figure 5).

Some bacteria do not have to wait for a
random mutation to develop resistance to
antibiotics. Sometimes the gene for antibiotic
resistance can be transferred from one bacteria
to another in a process called horizontal
transfer. Because bacteria reproduce so
quickly, they evolve very quickly.

Before selection

&
—

)

=

After selection

- G G
Resistance level
OO E e .
Low High

Figure 5 The frequent use of antibiotics allows

for the selection of bacteria that are resistant to
antibiotics. This increases the allelic frequency

of resistance.

horizontal transfer

the transfer of

genetic material

(usually containing
antibiotic resistance) from
a bacterium to another
bacterium that is not

its offspring

binary fission

a form of asexual
reproduction used by
bacteria; the splitting of a
parent cell into two equal
daughter cells

3.7 Check your learning @

Retrieve

Apply

1 Define the term ‘selective breeding’.

2 Identify an example of how selective breeding was
used to produce a domesticated animal.

3 Define the term ‘MRSA’.

Comprehend

4 Explain how misusing antibiotics can contribute to the
existence of MRSA.

Analyse

5 Compare selective breeding and natural selection.

OXFORD UNIVERSITY PRESS

6 A student claimed that artificial selection has interfered
with nature. Evaluate their claim (by describing two
reasons that support their claim, describing two reasons
that refute their claim, and deciding which reasons are
most convincing).

@ Quiz me

Complete the Quiz me to check how well you've mastered
the learning intentions and to be assigned a worksheet at
your level.
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//SCIENCE AS
A HUMAN ENDEAVOUR//

Natural selection affects
- the frequency of alleles

Learning intentions

haemoglobin to clump together (Figures 1,
2 and 3). A single copy of the mutated allele

By the end of this
topic, you will be

Sickle cell anaemia is a disease that
affects the structure and function of

able to:

explain how
malaria is

a selection
pressure for
the sickle cell
anaemia allele
describe how
the process of
natural selection
can result in an
increase in the
frequency of the
sickle cell allele

red blood cells. While few people in
Australia have sickle cell anaemia, it
IS much more common in countries
that have the mosquito-borne
disease malaria.

Sickle cell
anaemia

Sickle cell anaemia is a genetic disease that causes
swelling of the hands and feet, fatigue and pain. It

will not affect the quality of a person’s life.
However, two copies of the mutated allele will
cause all the haemoglobin to clump together
and the red blood cells to become shaped like a
sickle (a curved cutting instrument).

These sickle-shaped cells can become
stuck in the blood vessels, causing strokes or
damaging the joints and organs of the body.
People suffering sickle cell anaemia must be
treated regularly to prevent infections. Thirty
years ago, sufferers would die by the age of 20.
Today, life expectancy is approximately 55 years.

in malaria prone is an autosomal recessive disease (see Chapter 2) Normal Sickle cell
regions. that affects the haemoglobin protein found in red U U . THT
blood cells. The haemoglobin protein is made DNA GAG Mutation | GTG
CTC CAC
from four genes found on chromosome 11. LI L0
It is responsible for carrying oxygen around
the body. Most people have normal versions TUT TT7T
(or alleles) of the haemoglobin genes, but some RNA GAG GUG
people have a mutated allele, which causes the
- Jergl .
Protein

Figure 1 A person with sickle cell anaemia has
crescent-shaped red blood cells (left) that are
unable to effectively transport oxygen around

the body.

Normal protein Mutant protein

Figure 2 A mutation in the nucleotide sequence
causes a change in the amino acid sequence at a
DNA Llevel.

Normal haemoglobin Clumped haemoglobin

Figure 3 A change in the amino acid sequence
causes the haemoglobin to clump together at the
protein level.



3.8: Selecting for sickle cell
anaemia
Go to page 243.

Selection
pressures

The rate of sickle cell anaemia is very low in
Australia. It is thought that only 5 per cent of
the world’s population is a carrier for sickle cell
anaemia. This means they have one copy of

the sickle cell allele and one copy of a normal
haemoglobin allele. However, in countries

such as Africa the rate of carriers for sickle cell
anaemia is closer to 25 per cent (Figure 4). This
is because a person who is a carrier for sickle cell
anaemia is protected from contracting malaria
(an infectious disease that is contracted through

mosquito bites). This means that people who:

> are not carriers of the allele for sickle cell
anaemia are at risk of catching malaria
and dying

> are carriers of the sickle cell allele do not get
sickle cell anaemia or malaria

> have two copies of the sickle cell allele have
sickle cell disease and may die young.
Malaria is the selection pressure that selects

for the sickle cell carriers.

!

LEGEND
Incidence of malaria

0 Low High

Figure 4 There is a strong correlation between a countries that have a high
number of carriers for the sickle cell anaemia allele and b countries that have
a high incidence of malaria.

3.8 Test your skills and capabilities @

Scientific needs and values

Red blood cells are formed from stem cells in the bone
marrow. If there are two alleles for the sickle cell ‘sticky’
haemoglobin, the stem cell will produce sickle-shaped red
blood cells.

In 2019, scientists removed the bone marrow stem cells
from a patient with sickle cell anaemia and replaced the
mutated alleles with healthy copies of the genes.

1 Consider the potential effect of this process on the
evolution of the human species by:

> describing the effect that replacing the sickle cell

alleles will have on the patient

> describing the effect that replacing the sickle cell

alleles will have on the offspring of the patient

> describing how the patient and their future offspring

will be affected by malaria.

Although the genetic manipulation of somatic (body)
cells has been trialled for the last 10 years, there is a
moratorium (a temporary ban) on the manipulation of the
human genome in human gametes (eggs and sperm).

2 Evaluate the reasons for this moratorium by:

> describing how a genetically modified somatic cell

will affect a patient

> describing how a genetically modified somatic cell

will affect the offspring of the patient

> describing how a genetically modified gamete cell

will affect a patient

> describing how a genetically modified gamete cell

will affect the offspring of the patient

> contrasting the effect of a genetically modified

somatic cell or gamete on future generations

> explaining the reason for the moratorium on human

genetic manipulation in gametes.




CHAPTER 3 REVIEW

EVOLUTION

Retrieve
1 Identify which evolutionary theory proposed that
organisms acquired inherited characteristics.
A Darwinism
B Lamarckian theory
C  Wallace’s theory
D natural selection

2 Recall the term that is used to describe a single
population that is divided by a permanent barrier and
diverges into new species.

A reproductive isolation
B speciation

C allopatric speciation
D convergence

3 Relative dating is used to work out the age of rocks.
Identify which layer is likely the oldest of the layers
in Figure 1.
A Layer 1
B Layer 2
C Layer 3
D Layer 4

Layer 1 —
Layer 2 — . i
Layer 3 —
Layer 4 —

Figure 1 Layers of rock

4 Define the term ‘natural selection’ and identify the
four essential factors for this process.

5 Define the term ‘gene pool’.

6 Identify the professional title for a person who studies
the fossil record and geological time periods.

7 Archaeopteryx had features of both birds and lizards.

Identify the term that is applied to fossils that shows
the evolutionary progression between two very
different forms.

Comprehend

8

9

10

11

12

13

14

Explain the difference between incorrectly suggesting
an organism has evolved and correctly suggesting that a
population of organisms has evolved.

Describe Gondwana.

The layering of sedimentary rocks is useful in relative
dating. Explain the basic principle of comparative dating.

Explain precisely how fossils provide evidence
for evolution.

Explain why a vestigial structure, once it has been
reduced to a certain size, may not disappear altogether.

Explain how the study of DNA sequences helps in our
understanding of evolution.

Use examples to illustrate the two critical deductions
that Darwin made — the struggle for existence and the
survival of the fittest.

Analyse

15
16
17
18

Contrast a hypothesis and a theory.
Contrast ‘transitional fossil’ and ‘living fossil’.
Compare the terms ‘allopatric speciation’ and ‘gene flow’.

Compare the terms ‘diversity’ and ‘evolution’.

Apply

19

Callistemon (bottlebrushes) are unusual because their
stems (branches) do not terminate in flowers. Instead, the
stem keeps growing out past the old flower. Consequently,
a mature plant may contain the ripe seeds of numerous
years in its branches. Suggest how this adaptive feature
enabled Callistemmon to exploit the current Australian
environment.

Figure 2 Callistemon flowers



20

21

22

The tortoises of the Galapagos Islands either have a
domed shell and a short neck (on islands with significant
rainfall) or a shell with the front flared up and a long
neck (on islands that are more arid). The tortoises feed
on prickly pear cactus. On islands with no tortoises, the
prickly pear plant is low and spreading, but on islands
with long-necked tortoises, the prickly pear plant is tall
and has harder spines protecting it.

a Explain why the tortoises have two very different
phenotypes.

b Describe how the tortoises that originally reached
the islands could resemble any of the tortoises that
live there today.

¢ Using the terms ‘variation’ and ‘survival of the
fittest’, discuss why the prickly pear plant is so
different on islands with long-necked tortoises
compared with those plants growing elsewhere.

d Identify the type of speciation that is occurring on
these islands.

Figure 3 Tortoises on different Galapagos Islands have
unique features.

Only two species of native non-marine mammals (both
bats) existed in New Zealand before the Polynesians
introduced rats and dogs 1500 years ago. This unusually
small number of mammal species, along with New
Zealand’s separation from Gondwana 60-80 million

years ago, has led many to speculate on which land-mass
mammals originally evolved. The earliest known mammal-
like fossil remains are over 160 million years old. Consider
this information to determine if mammals were likely to
have originated on Gondwana.

Megafauna are the large animal ancestors that lived in
Australia thousands of years ago. One of these was the
Diprotodon, an early ancestor to wombats and koalas. In
2016, archaeologists discovered a front leg bone of the
Diprotodon at the Warratyi rock shelter in the Flinders
Ranges in South Australia.

a If the amount of carbon-14 (with a half-life of
5700 years) remaining in the sample was 1/128,
calculate the age of the leg bone.

b As alarge animal (3500kg), it became extinct at the
same time as many other Australian megafauna.
One of the causes is thought to be extreme drought
conditions. Discuss how drought conditions could
act as a selection pressure.

Social and ethical thinking

23 Through selective breeding, humans are able to bring
about changes in the gene pool of a population. Discuss
the various scenarios in which this has occurred in the
past and may occur now and in the future. Describe
three examples of human intervention being positive
and three examples of detrimental intervention. Justify
your decisions.

Critical and creative thinking

24 Investigate the various explanations for changes in the
natural world before evolutionary theories. Select one
example and present your findings and analysis to the
class in an appropriate and interesting format.

25 The theories of Lamarck and Darwin are often
compared and contrasted in the form of cartoon strips.
Create a three-part cartoon strip for each theory that
clearly identifies the similarities and differences between
these theories.

26 Evaluate the strengths and weaknesses of the various
forms of evidence that support evolution.

Research

27 Choose one of the following topics for a research project.
Some questions have been included to help you begin
your research. Present your report in a format of your
own choosing.

»» Darwin and the Galapagos Islands

Much of Darwin’s theory developed while he was

visiting the Galapagos Islands.

» Identify which new species Darwin found there.

» Describe what was so unique about these species.

» Describe how Darwin’s findings helped him to
develop his ideas.

» Explain what was unique about the Galapagos
Islands that helped Darwin develop his theories.

CHAPTER 3 EVOLUTION




»» Eugenics and racism

Eugenics, the use of genetics and evolution to ‘improve’
the human race, gained popularity in the early 1900s. It
led to deliberate sterilisation of some individuals in the
United States, the Holocaust in Germany and the White
Australia policy.

» Research the person who coined the term
‘eugenics’.

» Select one of the examples provided and explain
how misconceptions of heredity and evolution led
to the development of the governmental policies
and societal attitudes.

Figure 4 The White Australia Policy was one of several
inhumane and profoundly hurtful policies based on a
misconception of heredity and evolution.

»» Modern-day evidence for evolution

There is evidence of current populations evolving by

natural selection all around us. Investigate one of the

following topics and see whether you can find evidence

of evolution by natural selection occurring today.

» Explain how controlled breeding can modify
organisms.

» Explain how the number of predators can affect the
evolution of bright colouration.

» Explain how natural selection leads to pesticide
resistance.

Figure 5 Myzus persicae (green peach aphid) is resistant to
multiple pesticides and a problem for Australian farmers.

»» Climate change and natural selection

Climate scientists predict that the average temperature
of the Earth will increase by 2 degrees Celsius over the
next 100 years.

» Explain how this climate change will affect species
on Earth.

» Describe the species you think will be most
affected. Explain what this species could do to
avoid becoming extinct as a result of changing
habitats.

» Explain if all species would be able to avoid the
effects of climate change.

» Describe how a new species may evolve as a result
of climate change.

Figure 6 Increased incidence of bushfires in Australia
is one of the devastating effects of increasing global
temperatures.

» Real-time evolution

Significant advances in our understanding of evolution

by natural selection have been vital to the study of

diseases and pests. Antibiotic resistance in bacteria and

the tolerance to herbicides in crops and pesticides in

general agriculture are monitored closely.

» Explain why these examples are important.

» Explain why they need close monitoring.

» Explain why these organisms demonstrate
evolution at such a fast rate.

Figure 7 Scanning electron micrograph of methicillin
resistant Staphylococcus aureus (MRSA)



Chapter checklist

Now that you have completed this chapter, reflect on your ability to do the following.

e Use evolution as an example to explain how scientific
theories are based on substantiated evidence that
is contested and refined over time.

e Describe how natural selection results in permanent
changes in the frequency of alleles in a population.

e Discuss how selection pressures change the allele
frequency of populations over time.

e Explain how different selection pressures can cause

divergence and the formation of new species (speciation).

e Explain how similar selection pressures can cause
convergence.

e Explain how the existence of fossils provides evidence to
support the processes of evolution.

¢ Describe how fossils are dated using relative and absolute

dating techniques.

e Explain how continental drift provides a well-supported
explanation for the geographical isolation of species that
eventually results in divergent evolution.

¢ |dentify vestigial structures and explain how they are
interpreted as evidence of an ancestral heritage in which
these structures once performed other tasks.

e Explain how mutations can cause small differences that
can accumulate over time.

¢ Explain how scientists use the differences in DNA

sequences to compare evolutionary relationships between

species.
e Describe how the breeding of organisms with desirable
traits has led to domestication.

e Explain how the misuse of antibiotics has led to the
evolution of super-bacteria such as MRSA.

e Explain how malaria is a selection pressure for the sickle

cell anaemia allele.

e Describe how the process of natural selection can result
in an increase in the frequency of the sickle cell allele in
malaria-prone regions.

Check your Student obook pro for these

digital resources and more:

| can do this.

]

L]

Quizlet

Play a Quizlet game to test
your knowledge.

of this chapter with the
chapter review quiz.

@ Chapter quiz
Check your understanding

[

| cannot do this yet.

Go back to Topic 3.1 ‘Science as a human
endeavour: Darwin and Wallace were
co-conspirators’.

Page 66

Go back to Topic 3.2 ‘Natural selection is
the mechanism of evolution’.

Page 70

Go back to Topic 3.3 ‘Different selection
pressures cause divergence. Similar
selection pressures cause convergence’.
Page 72

Go back to Topic 3.4 ‘Fossils provide
evidence of evolution'.

Page 74

Go back to Topic 3.5 ‘Multiple forms of
evidence support evolution’.

Page 78

Go back to Topic 3.6 ‘DNA and proteins
provide chemical evidence for evolution’.

Page 82

Go back to Topic 3.7 ‘Humans artificially
select traits’.

Page 84

Go back to Topic 3.8 ‘Science as a human
endeavour: Natural selection affects the
frequency of alleles'.

Page 86

CHAPTER 3 EVOLUTION
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4.3

Deep ocean currents regulate global climate
> Explain how climate change models help make predictions about global climate trends.

> Describe how melting icecaps result from increased global temperatures and how this
influences sea levels.

> Explain how deep ocean currents regulate global climate.

4.4

Science as a human endeavour: Climate change can be mitigated
> Compare climate mitigation and climate adaptation strategies.

> Describe how First Nations peoples have used ecological knowledge to reduce carbon
dioxide in the atmosphere.

What if?

Greenhouse gases

What you need:

Two clear identical water bottles with

labels removed, water, tape, scissors, two
thermometers, two seltzer (effervescent) tablets,
two lamps, a stopwatch, markers

What to do:

1 Fill both bottles so that they are a third full
of water. Label one bottle 'COz'and the other
‘control’.

Tape the top of the control bottle and poke a
thermometer down through the tape so that it
sits in the bottle without touching the water.

Drop the two seltzer tablets into the CO, bottle
and quickly tape the top of the bottle. Poke a
thermometer down through the tape so that it
sits in the bottle without touching the water.

Immediately record the temperature of each
bottle and then position the bottles so that
each has a lamp shining directly on it.

Start the stopwatch and record the
temperature of each bottle every 20 minutes
for the next hour.

What if?

» What if four seltzer tablets were placed in the
CO, bottle? (Would this increase or decrease
the temperature of the bottle?)




4.1

Learning intentions

By the end of this
topic, you will be
able to:

e explain the
difference
between weather
and climate
explain how
solar radiation
influences the
global climate
system.

climate change
periodic change in the
Earth’s climate

weather

the temperature, humidity,
rainfall and wind on
particular days in a
particular place

climate

the weather conditions

at a particular place,
averaged over a long period
of time, based on the
collection and analysis of
large amounts of data

solar radiation
radiant electromagnetic
energy from the Sun
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Climate change Is global

Key ideas

e Weather is the short-term changes in temperature, wind, rain, humidity and atmospheric

pressure in a small region.

e Climate is a long-term measure of averages, variations and extremes in weather over

large global areas.

e Solar radiation interacts with the atmosphere, ocean and land to affect the global

climate system.

Many systems in nature are balanced, from
the regulation of the body to the carbon cycle
of the Earth. When the balance is disrupted,

it can cause a chain of reactions that can

have long-term impacts. For thousands and
thousands of years, there has been a balance
between the geosphere (the rocks and minerals
on the surface of the Earth), the biosphere

(all living things), the hydrosphere (all the

ice, water and vapour on the Earth) and the
atmosphere (the layer of gases surrounding
the Earth). These spheres act together to make
the global climate one in which humans and
other parts of the biosphere are able to survive.
Climate change refers to change in the state
of the global climate.

Weather and 2

Solar radiation

Light and thermal energy produced by the Sun
is something that is often taken for granted.
We have all felt the heat of a footpath or road
on a hot day. This is due to the energy of solar
radiation (shortwave, high-energy radiation)
heating the rocks and minerals that form
the geosphere under our feet. This includes
everything from the molten rocks of the mantle
to the peaks of the mountains of the Earth.
The amount of solar radiation released by
the Sun varies by 0.1 per cent every 9-11 years
(Figure 1a). The small variation has had no
impact on the amount of solar radiation that
reaches the top of Earth’s atmosphere.

Measurement of the Sun’s energy

climate systems

Weather reports tell
you the temperature,
humidity, rainfall and

wind on particular days in
a particular place. They

provide a snapshot of day-

Total solar irradiance (W m

to-day changes. Climate 1359.5 L— ‘ ‘ ‘ ‘ ‘ : :
is concerned with longer 1980 1985 1990 1995 2000 2005 2010 2015
periods of time and involves

the collection and analysis of b 12 Global average surface temperature

large amounts of data. You o 10

can use weather predictions Efj - f
to decide what to wear £e o

each day, whereas climate g g 0-6

predictions may help farmers "3 E 04 I. L 'L

plan what types of crops to % ;é 0.2 e w ? 1 1

grow each year, governments a‘;’ 3 0.0 i

to decide whether to invest 8 oo |

in certain technologies or 04 ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘
even households to decide 1980 1985 1990 1995 2000 2005 2010 2015

whether they’ll need to install
an air conditioner.
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Figure 1 a The measurement of solar energy reaching the top of Earth’s
atmosphere, and b the global average surface temperature over time
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4.1: Making a simple barometer
Go to page 244.

CHALLENGE

This means that the variations in the energy
released by the Sun are not the cause of the
current increasing trend in global climate
warming (Figure 1b).

Solar radiation that reaches the Earth’s
atmosphere is either absorbed or reflected into
space. Seventy per cent of solar radiation is
absorbed by the water and rocks that make
up the Earth’s surface (hydrosphere and
geosphere). The absorbed energy causes the
molecules that make up the rocks and water to
increase their kinetic energy and vibrate faster
which results in the increased temperature.
This energy is then re-radiated as longwave,
lower-energy wavelengths of infrared radiation
(known as heat) into the gases in the air.

The more solar radiation that is absorbed by
the Earth, the hotter the surface becomes.
This in turn heats the greenhouse gases in
the atmosphere.

Some parts of the Earth will receive more
solar radiation than other parts. At the North or
South Pole, the energy from the Sun shines at
an angle. As it travels through the atmosphere,
some of it radiates back into space. Less energy
is available to heat the Earth. Near the equator,
the Sun spends more time directly overhead.
This means more solar radiation is absorbed by
the Earth’s surface at the equator than at the
poles where the Sun is at a steep angle (Figure 2).
This is the reason that the temperature at the
equator is higher than at the Earth’s poles.

Areas of the Earth that experience long
periods of solar radiation from the Sun have
higher temperatures.

Regions near the equator are warmer
than regions near the Earth’s poles. Near the
equator, the Earth is exposed to long periods
of solar radiation because the equator faces
the Sun all year. Because of this, the Earth’s
surface is heated intensely. The thermal energy
in the rocks making up the geosphere heats
the gases in the atmosphere. This can lead
to higher temperatures lasting longer at the
equator. This uneven heating of the geosphere
and hydrosphere can affect the global
atmosphere and ocean circulation patterns.

As the air heats up in a high pressure
system, the particles in the air move faster and
spread out to the outer regions as wind. In a
low pressure system, the air in the centre has
lower pressure than the surrounding areas.
The air moves towards the centre and upwards,
forming water vapour, clouds and rain. This
means warm air near the equator rises into the
upper atmosphere and colder air near the poles
moves towards the equator to fill the space left
by the warm air (Figure 3). The movement of
air is better known as wind. The wind is the
result of sideways or horizontal movements of
air due to pressure differences.

The Coriolis effect is the influence of the
Earth’s rotation on the direction of air or water
movement. The Coriolis effect of a spinning
Earth can cause the winds to appear to move in
a circular pattern across the Earth (Figure 4).
The surface of the Earth can also interfere
with the speed and direction of wind. Rough
and mountainous terrain will slow wind and
significantly change the wind’s direction.

Steep angle of incoming sunlight

Sunlight strikes most directly

Steep angle of incoming sunlight

Figure 2 The angle of solar radiation (sunlight] can affect the amount of energy absorbed by the

Earth’s surface.
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wind

the sideways movement
of air as a result of lower-
density warm air rising
through the atmosphere

Coriolis effect

the influence of the Earth’s
rotation on the direction of
movement of air or water
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Cool air

On a weather map, the air pressure .
descending

differences caused by heated air are shown as

isobar isobars; the closer the isobars, the greater the North Pole
a line drawn on a weather difference in pressure and the stronger the N
map that joins places of wind. Regions of high and low pressure are

equal air pressure shown on weather maps (Figure 5b). Low-

pressure areas are frequently associated with
clouds and precipitation and represented by
an ‘L. High-pressure systems bring clear blue
skies and are represented by an ‘H’.

! /} Hot air
“’;-} rising

N =
Figure 3 Movement of air at the equator \’“—/"t—/’"
and at the poles can result in the circular South Pole
movements of air called cyclones.

N LEGEND
1 Westerlies South-east trades North-east trades

Figure 4 Wind patterns over the Earth; the Doldrums are areas of low pressure where winds tend to be very calm.
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Figure 5 a A satellite image and b a weather map showing tropical Cyclone Larry as it crosses the Australian
coast at Innisfail, just south of Cairns, in 2006

4.1 Check your learning EJ

Retrieve Apply

1 Define the term ‘air pressure’. 7 Cyclones are more likely to occur
close to the equator during the wet
secason. Describe what is meant by
the term ‘wet season’ and investigate
the climate conditions that contribute

Comprehend

2 Describe the relationship between winds
and rising air.

3 Explain what happens to the pressure of to the formation of a cyclone. Create
the air when it is heated. a 2-minute video in which you are a

4 Describe the role of the Coriolis effect meteorologist on the news who explains
on global winds. why the cyclone is forming.

Analyse

5 C h d i Quiz me

(TERTLEYRE SHEMEIEE S0 CRIIE, Complete the Quiz me to check how well

6 Compare the wavelength and energy you've mastered the learning intentions and

levels of solar radiation and infrared to be assigned a worksheet at your level.

(heat) radiation.
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CO, (parts per million)

Learning intentions

By the end of this
topic, you will be
able to:

e describe how
increased
greenhouse
gases have
resulted in
increased global

temperatures
and extreme
weather events
describe

how climate
change has

led to changes
in disease

and species
distribution.

greenhouse gas

an atmospheric gas
able to absorb and emit
solar energy causing a
greenhouse effect

Figure 1 Trends in
atmospheric carbon

dioxide from a air bubbles

trapped inice sheets and
glaciers, and b Mauna
Observatory, Hawaii

Climate change indicators
iInclude Increased global
temperatures, extreme weather,
disease and species distribution

Key ideas
e Datais used to measure climate change.

e Climate change has caused increasing global temperatures and extreme weather events.
e Climate change has changed the distribution of diseases.
e Rapid changes in climate have changed and will continue to change species distribution.

Greenhouse gases

The presence of a gaseous atmosphere allows
the Earth to maintain a relatively constant
environment in which life can survive. The Moon
is not large enough to retain a full atmosphere.
This means the Moon’s temperatures can vary
from 123°C when in sunlight to —-153°C when it
is turned away from the Sun.

Gases in the Earth’s atmosphere (oxygen,
nitrogen, hydrogen, carbon dioxide and
methane) can reflect some of the heat from
solar radiation during the day. These gases can
also retain some of the heat so that the Earth’s
surface does not cool too much at night (similar
to how a greenhouse retains heat for plants
to grow).

Not all atmospheric gases are equal in
their ability to retain heat. Greenhouse
gases such as methane (CH,), nitrous oxide
(N,0) and carbon dioxide (CO,) absorb
and emit solar radiation within the thermal
infrared range. Atmospheric carbon dioxide
has increased significantly because of human-
related activities, such as burning fossil
fuels and deforestation. The level of carbon
dioxide has varied between 180 and 300 ppm
(parts per million) over the past 800 years.
The amount of carbon dioxide trapped in ice
sheets and glaciers was used to obtain this
data (Figure 1a). In 2022, the level of carbon
dioxide reached a new high of 419 ppm which
has contributed to the rise in average global
temperatures (Figure 1b).

Atmospheric carbon dioxide, 2004-2022 (ppm)

420 Carbon dioxide trapped in air bubbles in ice sheets and glaciers (ppm) b
Current ————p
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4.2: Using computer simulations
Go to page 245.

CHALLENGE

Rising temperatures

Increased atmospheric carbon dioxide from
human activities has resulted in a rapid increase
in the average global temperature. Figure 2
shows that the increase in average temperature
is not evenly spread across the Earth.
Temperatures might rise by 5°C in the North
Pole but only increase by 1.5°C in Australia.

These average temperature changes might
not seem large at first; however, they are quite
drastic changes.

2021 :

A

NS

It only took a drop of 1-2°C to cause
the Little Ice Age in the seventeenth
century. This resulted in widespread crop
failure, famine and disease. NASA has
predicted that global warming of 1.5°C
will cause deadly annual heatwaves, water
stress in some countries, increased heavy
rainfall and floods in other countries,
reduced biodiversity, increased wildfires
and melting of the polar icecaps.

Figure 4 The aftermath
of a cyclone; the number
of severe cyclones is
increasing.

Temperature anomaly (°C compared to the 1951-1980 average)

— —

<-4 -2 0 2 =24
Figure 2 The average increase in global temperature compared to the 1951-1980 average

Extreme weather
events

The number of extreme weather events

Figure 3 The number

~
1.5+
.. . . =) Extr th b f ®
around the world is increasing (Figure 3). - stzﬂegrgjr:g:;lesezzsoliggzo 1e7g)an or of extreme yveather
Warmer oceans increase the amount g big inland floods (2010) - y s svvlf}? tti:?:clrnecarse:jed
of water vapour in the atmosphere and 2 big inland windstorms (2008) TMA | ¢ surface temperatures
. .. . B 1.0 mega heatwaves (2003, 2010) o 6\0 & p
rapidly rising hot air causes stronger = fire weather (2000) I & ,-,)-,\ of the Earth and the
winds. Based on the current trend of = &@ " 8 > sea. NASA GISTEMP V4
rising global temperatures, scientists have 8 DUl Foundation.org
. . =}
predicted that storms will have greater 2 0.54 @@Q ¥ :L
. . Be > L o
maximum wind speeds and more sudden S lvq,@ . @ % m o s
and extreme rainfall. More intense % 7 b i B e - {“Qet‘&“)\)‘\‘)%b‘
. . . RO | & o
tropical cyclones will cause flooding, Q 0.0 ; SIS D‘{}P . %ce‘\er 20
. g =) V7] \ B 9
landslides and damage to buildings. 3 g 6 ,,,Dug:" S 0“30%"’
. % eS
Worldwide, the number of cyclones =§ b ) s oY
reaching categories 4 or 5 has risen 7 =
—0.5- Ramp after 1977
by 15 per cent over the past 20 years E T T T ,
(Figure 4). With an increase in extreme 2 1960 1980 2000 2020
< Year

weather events, we can expect to see an
increase in the loss of human lives.
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Health and disease

Higher temperatures in summer have increased
heat-related deaths. In 2022, the average global
temperature was recorded to have risen by
approximately 1.1°C. Heatwaves are now lasting
longer causing people to become more dehydrated,
placing more strain on their hearts and causing
people to experience sleep deprivation.

These factors contributed to the deaths
of 56000 people during a heatwave in Russia
in 2010.

Enhanced global warming is changing
the climates in many areas. Some areas are
becoming warmer and experiencing more
rain. This can extend the zones for infectious
diseases, such as dengue fever and malaria,
which thrive in warm, moist conditions
(Figure 5). In cities such as Beijing, China,
stagnant weather conditions can trap both
warm air and pollutants, leading to increased
smog which results in serious respiratory
problems contributing to increased deaths.

£,
- TN o
(AUSTRALIA
= ',"/‘ “:t:)
LEGEND ¥
N I Malaria transmission occurs
1 - [ Limited risk of malaria transmission

Figure 5 Countries and areas at risk of transmission of malaria, 2010

Species distribution

Rapid climate change over the past 50 years has
resulted in many changes to the distribution
and numbers of species and is thought to have
caused extinctions. Many of the species at risk
are Arctic and Antarctic animals, such as polar
bears and emperor penguins, which live on the
rapidly disappearing ice (Figures 6a and 6b).
Other species, such as the white lemuroid
possum, which is only found in high-altitude
areas in north Queensland, can only live within
certain temperature ranges (Figure 6¢). These
possums cannot survive extended temperatures
over 30°C, which occurred in 2005. The
species was thought to be extinct until recently
when small numbers were seen.

Australian native plants and animals
are well adapted to year-to-year climate
fluctuations, such as floods and droughts.

OXFORD SCIENCE 10 AUSTRALIAN CURRICULUM

They can often, however, only survive
within a narrow range of temperatures. This
means that many species and ecosystems could
be highly vulnerable to the rapid and sustained
increase in long-term average temperatures of
1-2°C that are expected as a result of global
warming.

For example, climate change modelling
suggests that the extent of highland rainforest
ecosystems of tropical north Queensland may
decrease by up to 50 per cent if the temperature
increases by 1°C. These changes mean some
species may become extinct.

As all organisms in the biosphere are
interlinked, the loss of one species will affect
the survival of other organisms. Even a small
decrease in a population may cause a decrease in
the number of alleles in the gene pool, making the
species more vulnerable to disease in the future.
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Figure 6 Many animals are at risk of extinction as a result of climate change, including a polar bears and
b emperor penguins, which live in cold climates, and ¢ lemuroid possums, which can only live within a
certain temperature range.

4.2 Check your learning

Retrieve

1 Define the term ‘extreme weather event’.

Comprehend

2 Explain how increasing levels of carbon
dioxide have contributed to global
climate change.

3 Identify and explain two sets of data
that show how the climate has changed
over the last 100 years.

4 Describe the ways that climate change
can affect human health.

5 Explain how the loss of one species can
affect other species.

OXFORD UNIVERSITY PRESS
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Apply

6 Evaluate the statement ‘An average
increase in global temperature of 1°C is
not going to have a large effect on me,’
(by comparing weather and climate,
defining ‘average increase in global
temperature’, describing how climate
change will affect your environment, and
deciding if the statement is correct).

Quiz me
Complete the Quiz me to check how well

you've mastered the learning intentions and
to be assigned a worksheet at your level.

CHAPTER 4 CLIMATE CHANGE
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Learning intentions

By the end of this
topic, you will be
able to:

Figure 1 Super computers
have used satellite data to

explain how
climate change
models help
make predictions
about global
climate trends

describe how

melting icecaps
result from
increased global
temperatures
and how this
influences sea
levels

explain how deep
ocean currents
regulate global
climate.

predict how the changing
climate in Australia will
affect the distribution

of emus.
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Deep ocean currents
regulate global climate

Key ideas

e Climate change is modelled through scientific principles and data gathered over long

periods of time.

e Increased global temperatures are causing icecaps to melt and will increase sea levels.
e Deep ocean currents can regulate global climate and affect marine ecosystems.

Modelling the future

While there are many indicators of climate
change, from increasing global temperatures
and extreme weather events to reduction in
biodiversity, scientists are constantly developing
a series of models that predict how we may
be able to reduce the impact of the change.
Climate change models use scientific principles
and data gathered over long periods of time
to simulate the transfer of energy through the
climate system. Each model uses mathematical
equations to describe how the thermal energy
will interact with different parts of the ocean,
atmosphere, wildlife and land.

Climate change models break large areas into
a series of smaller cell volumes (100km?) so that
the mathematical equations are more accurate.

These equations will estimate the
temperature, wind speed and rainfall for each
three-dimensional cell before moving on to the
next cell and repeating the calculations. Using
smaller cells means the calculations for a total
area take longer than than if using larger cells,
because more smaller than larger cells will
cover the same area. Early climate models used
very large cells, making them less accurate.
The development of super computers has
allowed scientists and mathematicians to use
small cells (50km?), making the climate change
predictions more accurate. The use of current
data from satellites and the improvement of
mathematical models that predict how the
climate will change every 30 minutes for the
next 100 years means the current climate
models are very accurate (Figure 1).

Australian mainland Great Dividing Range
-10- -10 1
10 Gain
20 - 201 . Unsuitable and
stable
FPast to
present . Suitable and stable
-30 1 -301
. Loss
-40 . . . . e
120 130 140 150 140 145 150
-104 -104
-201 -20 1
Present
to future
f -30 1 -30 1
-404 40

120 130 140
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4.3A: Melting ice and its effect

on sea levels
EXPERIMENT Go to page 246.

Changing sea levels

The impact of global warming will vary.
Some areas of the Earth will experience
larger changes in average temperatures than
other areas. At the Earth’s poles, average
temperatures have increased by up to 2°C over
the past 40 years (compared to 1.1°C for the rest
of the Earth). This is due to the increasingly
warm ocean currents melting the glaciers
and ice sheets (Figure 2). The extremely cold
temperatures do not last long enough for the ice
to fully re-form during the winter months. The
thinner ice melts more quickly each year.
When this has been modelled by data
scientists, it has shown that as the ice and snow
melt at the poles, the rate of global warming
will increase.

4.3B: Salt water density
CHALLENGE Go to page 247.

One of the main roles of the white ice
and snow is to reflect solar radiation back
into space. As the amount of snow and ice
cover decreases, the amount of solar radiation
that will be absorbed by the geosphere and
hydrosphere will increase. This, in turn, will
heat the atmosphere even more and increase
the rate of global warming as more heat energy
is retained by the Earth.

The water that is released from the land ice
will contribute to increased sea levels. While
floating sea ice replaces the water it displaces,
melted land ice returns to the sea, increasing
the overall sea level. This, combined with an
increase in extreme storms, will have a large
impact on the cities located in Australia’s
coastal regions (Figure 3).

Sea ice has reduced
by nearly 50%

Figure 2 The amount of sea ice at the North Pole has been reduced by nearly 50 per cent in the past

20 years.

Sea level rise
(cm/decade)
11

10

= N W b 01 O N

Figure 3 The modelled rise in sea levels in Australia every 10 years
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Deep ocean currents and
climate control

Within the oceans are large deep ocean
currents that act like conveyor belts,
distributing heat through parts of the world
and regulating temperature (Figure 4).

Ocean currents have the important job of
moving warm water from equatorial regions
towards the poles; the water cools and travels
from the poles back to the warmer areas of the
Earth. These large conveyer belts of water are
driven by the differences in temperature and
salinity. Colder water is dense and heavy, and
it moves towards the ocean floor picking up
many nutrients along the way. Warmer water is
less dense and moves up towards the surface,
completing the up-and-down conveyer belt-like
movement. Less salty water is also less dense
and rises to the surface, whereas salty water is
denser and sinks. Heat from the Sun evaporates
the top layer of the ocean which causes the
remaining water to become more concentrated
in salt. The salty water will continue to sink
once again. This cycle of warm water and cold
water is disrupted by the melting of the fresh
water in ice caps. This in turn can affect the
ocean conveyor belt that controls climate.

Small changes in these large ocean currents
can produce large changes in the marine life and
the climate (Figure 5). El Nifio events occur
when the waters of the Pacific Ocean are warmer
than normal. This in turn causes more rain to fall
in the Pacific Basin instead of northern Australia.
A La Nifa event occurs when the Pacific Ocean
is cooler than normal, causing increased rainfall
and possible flooding in Australia. This means
that small changes in the temperature of the
Antarctic region will result in large changes in the
climate of all parts of Australia.

Figure 5 Coral bleaching along the Great Barrier
Reef may be the result of rising sea temperatures,
which block the photosynthetic reactions corals
need to stay alive.
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Figure 4 The path of the ocean ‘conveyor belt’, in which differences in temperature and salinity drive the movement of large

currents of water
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Deep ocean currents have a large impact on
marine life. This can be seen in the Galapagos
Islands in South America where cold ocean
currents carrying nutrient-rich deep water
travel up to the surface. This process is known
as upwelling and helps transport nutrients to
the surface of the islands. Nutrients then feed
phytoplankton concentrations and support
the food web of the marine ecosystem. The
upwelling process also occurs along the
coast of Queensland during monsoon season
(Figure 6). Occasionally, the upwelled waters
do not completely reach the surface. When this
occurs it is called an intrusion.

Figure 6 Ocean currents driving marine ecosystems
through upwelling and intrusion during monsoon
season in Queensland

4.3 Check your learning

Comprehend

1 Describe how scientists and
mathematicians model climate change.

2 Describe why the development of
supercomputers has improved the
accuracy of climate modelling.

3 Explain why ocean currents are
responsible, in part, for global
temperature.

4 Explain how the temperature of the
Pacific Ocean can affect Australia’s
climate.

Analyse

5 Compare the impact of sea ice and land
ice on sea levels.
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Apply

6 Use Figure 3 to determine the expected

rise in sea level at the coast closest to
where you live.

It is expected that as the sea level rises,
the inland water table will also rise.
Many new housing developments are
built just above the water table. Create
a flyer that explains why the residents in
a new housing development should care
about global warming.

Quiz me
Complete the Quiz me to check how well

you've mastered the learning intentions and
to be assigned a worksheet at your level.

CHAPTER 4 CLIMATE CHANGE

upwelling

a process in which deep,
nutrient-rich cold water
moves up towards the
surface

intrusion
when upwelled waters do
not reach the surface
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//SCIENCE AS
A HUMAN ENDEAVOUR//

Climate change can be

4

Learning intentions

By the end of this

topic, you will be

able to:

e compare climate
mitigation
and climate
adaptation
strategies
describe how
First Nations
peoples have
used ecological
knowledge to
reduce carbon
dioxide in the
atmosphere.

climate change
mitigation

efforts that aim to reduce
or prevent greenhouse gas
emission

Figure 1 The amount

mitigated

Increasing awareness of the

effects of climate change has
resulted in increased urgency to
implement change. There are two
key approaches humanity is using to
respond to climate change: mitigation
and adaptation.

Mitigation

Climate change mitigation refers to

actions that work to reduce the production of
greenhouse gases, or that increase the rate of
greenhouse gas removal from the atmosphere.

Reducing
production of

greenhouse gases
The greenhouse gas carbon dioxide (CO,)

is produced through the chemical reaction
called combustion. In a combustion reaction,
a fuel reacts with oxygen and produces carbon
dioxide and water as follows:
fuel + oxygen — carbon dioxide + water
7000 -
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3000

Energy (petajoules)

2000

1000

Combustion is used for powering cars,
industrial production and even the heating of
our homes. The demand for and consumption
of oil, coal and gas has steadily increased in
Australia over the past 50 years. However, as
more people have become aware of the effects
of global warming, they are changing their
habits. Figure 1 shows that the consumption
of electricity generated by coal has gradually
reduced since 2009. Reducing the number of
trips in cars and aeroplanes, and the insulation
of houses and businesses to reduce heating and
cooling costs can all contribute to the reduction
in energy consumption and therefore reduce
carbon dioxide production.

Another greenhouse gas that has a
significant impact on climate change is
methane (CH,). This gas can store up to
25 per cent more heat than carbon dioxide.
Approximately 32 per cent of human-caused
methane comes from manure and gastroenteric
releases from agricultural livestock such as
cattle (Figure 2). Human-caused methane
emissions can be reduced by cutting down
on the amount of red meat consumed and by
opting for plant-based substitutes for dairy
and protein.

. Coal

. Oil . Gas . Renewables

of energy consumed in 1974-75 1979-80 1984-85 1989-90 1994-95 1999-00 2004-05
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agricultural cattle.

Methane is also produced when food waste
is broken down. The National Food Waste
Strategy Feasibility Study calculated that
food waste produces 3 per cent of Australia’s
greenhouse gas emissions. This is equivalent
to 312kg per person. This is the reason for
the establishment of a National Food Waste
Strategy and Action Plan that aims to reduce
Australia’s food waste by:
> redirecting more food to the food rescue sector
> delivering an education campaign, and
> making investments that aim to create value

from food waste.

Removing
greenhouse gases

Several different strategies to remove
greenhouse gases (such as carbon dioxide)

are currently being applied and having their
effectiveness tested to determine best practice.
The first of these strategies is reforestation.
This process involves planting new trees and
vegetation (Figure 3). Through the process of
photosynthesis, the carbon dioxide is removed
from the atmosphere and stored as other
molecules in the plants. The risk of this process
is that the carbon dioxide could be released
during a bushfire.

Figure 2 Reducing the amount of red meat and dairy consumed can reduce the demand for

reforestation

the process of replanting
trees and vegetation to
restore natural habitat

Figure 3 Reforestation
restores vegetation which
can remove CO, from the
atmosphere.




climate change
adaptation

coping adjustments made
in response to the effects of
climate change

biochar

a lightweight residue
containing carbon and ash
that is formed from the
slow burning of biomass

Carbon dioxide is also being captured
directly from the air using Direct Air Carbon
Capture and Storage (DACCS). This process
uses chemicals that directly bond to carbon
dioxide. The gas is then extracted and
stored in sedimentary rock that previously
contained oil and gas. Rocks used to store
the CO, are carefully chosen. They must
have high porosity (contain small holes) and
permeability (ability to let things in and
out). After capturing and storing the carbon
dioxide, the sedimentary rock is capped by a
mud stone which prevents the carbon dioxide
from escaping back into the atmosphere. The
DACCS process is currently being trialled in
several states of Australia.

A much older method of carbon dioxide
removal used by First Nations peoples involves
removing carbon dioxide from the atmosphere
using biochar. Biochar is a fine-grained
charcoal produced from the slow burning of
organic material in a low oxygen environment
(Figure 4). Plants emit carbon dioxide into the
atmosphere when they decay. Slow burning
biomass into biochar and then storing it in soil
controls the release of CO, Instead of being
released into the atmosphere, the CO, is stored
in the ground for hundreds of years. This way,
stored CO, can act as a fertiliser, improve the
quality of water, and reduce soil acidity and
the amount of irrigation needed.

Figure 4 Biochar

Adaptation

Climate change adaptation refers to making
changes to adjust to the current or predicted
effects of climate change. A major struggle
with global climate change is that some
communities are currently being affected more
than others. For example, low level islands in
the Pacific (such as the Torres Strait Islands)
are more susceptible to the effects of extreme
weather and rising sea levels. In December
2016, the Torres Strait Regional Adaptation
and Resilience Plan was released. This plan
identified several actions that could be made
to adapt to and limit some of the impacts

of climate change. One action included the
construction of a sea wall to protect Saibai
Island from erosion and the impact of storm
surges (Figure 5).

Torres Strait Islander peoples are also
involved in monitoring the temperature and
humidity levels in the community. This is used
to reduce the heat stress risk for individuals.
Plans have also been generated to organise
outdoor activities during cooler times. Another
action as a result of the plan includes the
monitoring of five climate-sensitive infectious
diseases, including tuberculosis and dengue
fever. This is to ensure the local health systems
of the Torres Strait Islands can adapt to the
increasing risk of infections.




Figure 5 The sea wall of Saibai Island

4.4 Test your skills and capabilities (2

Communication

A climate sceptic is someone who does

not believe the increasing levels of carbon
dioxide in the atmosphere are causing rapid
climate change. It can be difficult to change
someone’s mind. A study published in the
scientific journal Nature in 2015 identified
that emphasising the shared understanding
of climate change was an effective way to
encourage people to take action.

People are more likely to listen if they know
and trust the messenger. This means children
are more likely to be persuaded by their
parents than by a stranger. It is also important
to use data and evidence in arguments.

Write a letter to someone you know
explaining climate change. Use the data and
evidence in this chapter to explain why it is
important for them to make changes in their life
that will reduce the impact of climate change.




CHAPTER 4 REVIEW

CLIMATE CHANGE

Retrieve

1 Identify which of the following is the result of sideways or
horizontal movements of air due to pressure differences.

A deep ocean currents
B wind
C the Coriolis effect

D solar radiation

2 Identify the term that explains the impact of the Earth’s
rotation on the direction of air or water movement.

A permafrost

B carbon footprint
C solar energy

D the Coriolis effect

3 Identify which of the following best describes the ‘ocean
conveyer belt’.

A the movement of water in the ocean

B the migration of marine life

C the heating and cooling of the ocean

D the most effective path for sailing the ocean

4 Define the term ‘solar radiation’.

5 Recall which of Earth’s spheres describes all the water
contents of Earth.

6 Define the term ‘greenhouse gas’.

7 Recall the global temperature increase (in degrees
Celsius) that NASA has predicted will cause annual
heatwaves, water stress, increased heavy rainfall, floods,
reduced biodiversity, increased wildfires and increased
melting of the polar icecaps.

Comprehend

8 Describe one way that the greenhouse gas methane is
released into the atmosphere.

9 Describe one way that the greenhouse gas carbon
dioxide is released into the atmosphere.

10 Explain why cold water from melted sea ice will sink to
the bottom of the ocean.

11 Describe two causes of climate change in the past
2000 years.

12 Explain why upwelling is important for some
marine ecosystems.

13 Explain why animals that live in the polar regions of the
Earth (the Arctic or Antarctic) are at great risk due to
climate change.

£ W & ¥

Figure 1 Polar bears are at risk of extinction.

14 Explain how biochar is produced and how it can be used
to reduce carbon dioxide emissions.

15 Describe how high-pressure and low-pressure weather
systems are formed.

16 Explain why it is warmer near the equator than elsewhere
on Earth.

17 Explain why increased melting of sea ice will trigger a
more rapid rate of global temperature increase.

Analyse

18 Contrast weather and climate.

19 Compare climate change mitigation with climate change
adaptation.

20 Compare ocean currents and air currents.

Apply

21 The Bramble Cay melomys was a rodent native to
Bramble Cay, a small island on the surface of a coral reef
in the Torres Strait (Figure 2). The species was declared
extinct by the Queensland Government and University of
Queensland in 2016. It was the first species reported to
become extinct because of human-caused climate change.

Investigate the Bramble Cay melomys. Identify some
of the effects of climate change that caused the species to
become extinct.

Figure 2 The Bramble Cay melomys



22 Discuss how deep ocean currents can affect climate.

23 Consider the weather map of Australia shown in Figure 3.

a Predict whether the Queensland coast is more likely
to experience storms and rain, or clear sunny skies.
Justify your response.

b Predict whether the south coast of Western
Australia is more likely to experience storms and rain,
or clear sunny skies. Justify your response.

Figure 4 Red meatis a popular choice in many Australian
households.

25 Not all countries have contributed to climate change
equally. Countries that were industrialised earlier or
industrialised to a large scale have had longer periods
of time and greater capacity to emit greenhouse gases
into the atmosphere. Climate debt is a concept that
was proposed in the 1990s that suggests developing
countries are owed a debt by developed countries for
the disproportionate damage developed countries have
contributed to climate change.

Investigate climate debt and discuss whether you believe
Figure 3 Weather map of Australia it is fair for developed countries to owe a climate debt to
developing countries severely affected by climate change.
Social and ethical thinking

Critical and creative thinking
24 Red meat and dairy from livestock are heavily consumed

in Australia as they offer a range of nutritional benefits 26 One of your close personal friends tells you that they don’t
and tastes, and are easily accessible to purchase. believe in climate change. Use evidence presented in this

However, the red meat industry in Australia contributes chapter to write a persuasive passage you could use to try

11.8 per cent of Australia’s total greenhouse gas emissions. and change your friend’s mind about the climate crisis.

Discuss the ethical dilemma of red meat 27 Create a concept map that links all the bolded glossary

overconsumption by: terms in this chapter together.

> investigating and describing the advantages of 28 Create an infographic that explains three different
consuming/purchasing red meat climate change mitigation strategies and how they work.

> investigating and describing the disadvantages of

- . 29 Imagine you had to reduce your energy impact on the
consuming/purchasing red meat

environment. LL.ook at all the appliances and gadgets you
use in your home. Identify one of these as one that you
could not bear to give up. Create an A4 page outlining
why this one item is ‘essential’ to you and then make a list
of appliances and gadgets that you could live without.

> deciding whether the advantages are more important
than the disadvantages.

CHAPTER 4 CLIMATE CHANGE



Research

30 Choose one of the following topics for a research project.
Some questions have been included to help you begin
your research. Present your report in a format of your
own choosing.

» Reducing methane production with
FutureFeed

Approximately 1.3 billion people around the world
rely on livestock for their livelihoods. Unfortunately,
livestock also contributes 15 per cent of global
greenhouse gas emissions. Scientists from CSIRO,
Meat & Livestock Australia and James Cook University
have developed livestock feed called FutureFeed which
can reduce the emissions produced by the livestock
that consume it. Research FutureFeed and describe:

» what FutureFeed is made of

» how it works to reduce methane emissions

» the impact FutureFeed can have if global ruminant
producers adopt it as feed.

Figure 5 Asparagopsis. spp. are native to Australia and are
used in FutureFeed.

» Rising sea level crisis

As the polar icecaps melt and sea levels rise, low level

(low elevation) island countries are at serious risk of

disappearing if sea levels continue to rise as they are

now. One such island includes the island nation of

Kiribati. Research Kiribati and describe:

» the factors that leave Kiribati so vulnerable to
rising sea levels

» the climate adaptation strategies in place to deal
with the impact of rising sea levels washing out
Kiribati.

oo A
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Figure 6 Tabuaeran Beach, Kiribati

» Responding to climate change

The Paris Agreement is an agreement between

countries that aims to reduce greenhouse gas emissions

in the atmosphere at a level that would prevent danger

to the Earth’s climate system.

» Investigate Australia’s commitment and current
goals that result from this agreement.

» Describe the strategy that Australia is using to
meet its commitment.

» Evaluate the strategy to determine if Australia will
be able to meet its commitment.

» Describe how you could contribute to this target.



Chapter checklist

Now that you have completed this chapter, reflect on your ability to do the following.

e Explain the difference between weather and climate.
e Explain how solar radiation influences the global climate system.

e Describe how increased greenhouse gases have resulted in
increased global temperatures and extreme weather events.

¢ Describe how climate change has led to changes in disease and
species distribution.

e Explain how climate change models help make predictions about
global climate trends.

o Describe how melting icecaps result from increased global
temperatures and how this influences sea levels.
e Explain how deep ocean currents regulate global climate.

e Compare climate mitigation and climate adaptation strategies.

¢ Describe how First Nations peoples have used ecological
knowledge to reduce carbon dioxide in the atmosphere.

Check your Student obook pro for these @
digital resources and more:

Quizlet Chapter quiz
Play a Quizlet game to test Test your understanding

your knowledge. of this chapter with the
chapter review quiz.

| can do this.

[l

L]

[

[l

| cannot do this yet.

Go back to Topic 4.1 ‘Climate change
is global.
Page 94

Go back to Topic 4.2 ‘Climate change
indicators include increased global
temperatures, extreme weather,
disease and species distribution’.
Page 98

Go back to Topic 4.3 ‘Deep ocean
currents regulate global climate’.

Page 102

Go back to Topic 4.4 ‘Science as a
human endeavour: Climate change
can be mitigated'.

Page 106
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0.4

5.5

9.6

5.7

5.8

lons have more or less electrons

>

>

Define ion, anion and cation.

Relate the number of electrons in the valence shell to whether
the atom will become an anion or a cation.

Metal cations and non-metal anions combine to form ionic compounds
> Explain ionic compounds using the terminology anion and cation.

> Describe the properties of ionic compounds.

>

Draw the electron transfer between atoms and the resultant ions.

Non-metals combine to form covalent compounds
> Define the term ‘covalent compound’ and describe how it is formed.

>

Explain what a diatomic molecule is.

> Draw covalent molecules, showing the sharing of electrons to complete their

valence shells.

Metals form unique bonds

>

Describe the structure of metallic
bonding as a grid of cations in a sea of
delocalised electrons.

Compare metallic compounds

and alloys.

Science as a human endeavour:
Nanotechnology involves the specific
arrangement of atoms

>

>

Describe what is meant by
nanotechnology.

Convert between length
measurements of nanometres and
more common units (e.g. cm).

Provide examples of the uses of
nanotechnology in society.

What if?

Charged water

What you need:

Glass of pure water (distilled or deionised),
multimeter or speaker, 3 wires, 9 V battery, fine
NaCl (salt) crystals

What to do:

Use the wires to connect an open circuit that
includes the battery and the multimeter.

Place the open ends of the circuit in the glass
of water so that they do not touch.

Observe whether the electricity passes
through the pure water.

What if?
» What if two teaspoons of salt were mixed
through the water?

What if the electricity was passed through the
salt crystals with no water?




Learning intentions
By the end of this
topic, you will be
able to:

e describe the
importance of
atomic numbers
in determining

the number of
electrons
describe the
relationship
between valence
electrons

and element
properties.

Video 5.1
Atomic structure

period

in chemistry: a horizontal
list of elements in the
periodic table

group
a vertical list of elements in
the periodic table that have
characteristics in common

atomic number
the number of protons in
an atom

electron shell

a defined area of space

in which electrons move
around an atom’s nucleus

Bohr model

a model of the atom in
which electrons orbit the
nucleus in a series of defined
orbits known as shells

The structure of an atom
determines its properties

Key ideas

e The atomic number and name of an atom is determined by the number of protons it

contains in its nucleus.

e The relative atomic mass is the sum of the number of positive protons and number of

neutral neutrons.

¢ Negatively charged electrons have negligible mass and move around the nucleus in

electron shells.

e Anatom’s outermost electron shell is called the valence shell.
e The number of electrons in the valence shell determines many of the properties of an
element and therefore its position in the periodic table.

The periodic table

The periodic table organises elements (or types
of atoms) in rows and columns (Figure 1). The
horizontal rows are called periods. The atomic
number increases by one for each element as
you go across a period (from left to right). The
vertical (up—down) lists of elements are called
groups. Elements in each group have similar
properties.

The columns and rows in the periodic table
have been given names and numbers. This
makes communication easier, because these
elements have similar properties and trends.

Atoms and their electrons

The protons and neutrons of an atom are
located within the nucleus. These subatomic
particles are responsible for most of the mass of
the atom and therefore have a strong influence
on the properties of the atom. The number of
protons is called the atomic number and is
used to order the elements in the periodic table.

In contrast, electrons have a ‘negligible’
mass, meaning the mass is so small it is ignored;
it is almost too small to measure. However,
because electrons orbit the nucleus, they affect
the way the atoms bond with other atoms.

Electron configurations

You learnt about Ernest Rutherford’s model of
the atom in Year<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>