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PREFACE

To the science student

Science is both a body of knowledge and a way of learning. It helps you to understand the world around you:

why the sun rises and sets every day, why it rains, how you see and hear, why you need a skeleton and how to
treat water to make it safe to drink. You can’t escape the benefits of science. Whenever you turn on a light, eat
food, watch television or flush the toilet, you are using the products of scientific knowledge and inquiry.

Global warming, pandemics, overpopulation, food and resource shortages, pollution and the consequences

of the use of nuclear weapons are examples of issues that currently challenge our world. Possible solutions
to some of these challenges may be found by applying our scientific knowledge to develop new technologies
and creative ways of rethinking the problems. It’s not just scientists who solve these problems; people with
an understanding of science, like you, can influence the future. It can be as simple as using a recycling bin or
saving energy or water in your home.

Scientific inquiry is a method of learning. It can involve, for example, investigating whether life is possible
on other planets, discovering how to make plants grow faster, finding out how to swim faster and even finding
a cure for cancer. You are living in a period in which knowledge is growing faster than ever before and
technology is changing at an incredible rate.

Learning how to learn is becoming just as important as learning itself. Science Quest has been designed to help
you learn how to learn, enable you to ‘put on the shoes of a scientist’ and take you on a quest for scientific
knowledge and understanding.

To the science teacher

This edition of the Science Quest series has been developed in response to the Australian curriculum

for Science. The Victorian Curriculum focuses on seven General capabilities (literacy, numeracy, ICT
competence, critical and creative thinking, ethical behaviour, personal and social competence, and intercultural
understanding). The history and culture of Aboriginal and Torres Strait Islanders, Australia’s engagement with
Asia, and sustainability have been embedded with the general capabilities where relevant and appropriate.

Science Quest interweaves Science understanding with Science as a human endeavour and Science inquiry
skills under the umbrella of six Overarching ideas that ‘represent key aspects of a scientific view of the world
and bridge knowledge and understanding across the disciplines of science’.

The Victorian Science curriculum provides the basis for the development of a Science curriculum in schools
throughout Victoria. However, it does not specify what you do in your classroom and how to engage individual
classes and students.

We have attempted to make the Science Quest VC series a valuable asset for teachers, and interesting and
relevant to the students who are using it. Science Quest comes complete with online support for students,
including answers to questions, interactivities to help students investigate concepts, and video eLessons
featuring real scientists and real-world science.

Exclusively for teachers, the online Science Quest teacher resources provide teaching advice and suggested
additional resources, testmaker questions with assessment rubrics, and worksheets and answers.

Graeme Lofts and Merrin J. Evergreen

PREFACE vii
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ABOUT THIS TITLE

New features!

Jacaranda Science Quest Victorian Curriculum Second Edition has been completely revised and updated to
help teachers and students navigate the Victorian Curriculum syllabus. The Jacaranda Science Quest series
is designed to enrich the learning experience and improve learning outcomes for all students. The series is
available across a number of digital formats: learnON, eBookPLUS, eGuidePLUS, PDF and iPad app.

\ DIGITAL \
learnON eBookPLUS eGuidePLUS PDF iPad app Print
=2 == PDF
C—

An immersive, An electronic Everything in the Downloadable Access trusted Printed textbook
interactive and version of the eBookPLUS plus  PDFs directly from Jacaranda with free digital
flexible online  student text, with additional resources  your Jacaranda content both access code
learning course  digital resources designed for teachers bookshelf online and offline inside

Teaching Science inquiry skills, sparking curiosity

Science is an engaging, dynamic, inquiry-based subject that provides students with the opportunity to understand
the world around them. The understanding of science involves more than understanding concepts; it also
involves learning how to inquire, communicate and investigate scientifically. Science inquiry skills (SIS) are
integrated throughout, through explicitly targeted SkillBuilders and a dedicated, stand-alone science inquiry
topic that introduces students to the key components of predicting, conducting, designing, communicating and
evaluating scientific investigations. This topic has been specifically tailored for each year level in content and
complexity, to show the progression of inquiry skills throughout students’ studies of science. Throughout the
topics, students will find links to SIS alongside exercises and activities.

This suite of resources is designed to allow for differentiation, flexible teaching and multiple entry and exit
points so teachers can teach their class their way.

Inquiry questions are extended to a

An online Practical Science inquiry activity to encourage
investigation eLogbook is creative thinking, collaboration,
available for customisation problem solving and scientific
and printing. communication.

6.1 Overview 6.1.3 Science inquiry

6.1.1 Introduction

All topics start with
an Overview, which
includes a pre-test
to gauge students’
readiness to begin.

. your mobile i

Resources

INVESTIGATION 6.1

OnResources
feature boxes
provide guidance
about additional
resources online.

Support is
provided for
students in
designing and

Topics begin
with open-ended

conducting
investigations
to inspire their

inquiry questions
to spark students’
curiosity about

the subject. ; ot et 308 curiousity.

as
s

Foleassyour i o o opaing f e balcon.
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Exercise sets at the end of
each subtopic allow students

to check and apply their
understanding.

Corrective feedback and
sample responses are

available online for every
question.

Definitions are provided within
the content to help students
understand key terms; online,
definitions are included as
clickable pop-up notes.

Content is presented using
age-appropriate language
and a wide range of engaging
interactivities, diagrams and

images to support concept
learning.

Resource summaries for
each topic help teachers
and students to find online

resources easily and quickly.

A range of questions and a
post-test are available online
and in print to test students’
understanding of the topic.

Summaries and key terms are
available in every topic review.

6.2 Exercise learn

YourlearmON e at wiwjacplus.com au

Select your pathway.

LeveL2 LeveLs
Questons estons. Questons
1,2,3,6,11 47,8,9,13,14 5.10,12,15
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A Solid 6. Liqud c.Gas 0. Matter

oo od: intoa

T T TR
L | |

s
s
s

b. How could you meastra such a volume?
Apply and analyse
s

7 g

bidges?
8. Aro plasticine and playdough solids orluids? Explan.

10. Is it possible for a soldto behave ke  fuid? Explan your answiar
Evaluate and create

.
tank. Use your knowedge of dffusion o explan why s is necessary.
12 matter

and report o
a.how plasma s ifert rom soids, liquds and gases
b. where plasma can be found
. how plasma can be used on Earth.

. B s iing oi
ang

te a conclusion based on your observations and resuls.
14, Mak
1.

bums and

s a summary of your fndings.

TOPIC & Statesofmatier 361

7. For sach of the ‘unfiencly fricton images oxplan:
1. how thefriton frce s baing  nuisance?
i what could be done 1o raduce the ffect of the force of rition?
b

Evaluate and create

Y | tghtfting sui

Somaof
1o reduce fiction and outine how they do .

s
reenters he atmosphers and ands.

0. E3 Make alist
a-easier todo . narder 0

1. tyres.

a. Wiy do fyres have traad?
. Ar widor tyres botte than narow ones? Wy

. How doss tread make wet weather criving safer?

8.5 Keeping afloat

LEARNING INTENTION

Is diferent t0 surface tension.

8.5.1 Buoyancy

The largest cruise ship i the warld, Symphony of he Seas,
as 2 mass of about 228 million kilograms. The downward
pullof gravity on this giant of the sea,is weight, is huge —
over 2 billion nesvtons. Why doesn't it sink?

FIGURE .21 Theforce of buoyancy pushes
Upwards 1 Koep s huge cuise ship afoat

“There must be an upward force equal o is weight.
“That upward force is provided by the water it i floating
on.Is called buoyancy.

An online eWorkbook is
available for customisation and
printing. It contains numerous
worksheets including a literacy
builder, a student learning
matrix and opportunities
for reflection to encourage
students to take ownership of
their learning.

Buayancy is the upward push on an object that s loating.
ontop of or submerged n a lid. It acts n al liguids
‘and gases. The buoyancy on an object depends on its
density (mass per unit of volume). The less dense an object, e s s

acing on a ot oo
the more likely it i to experience buoyancy and flot. i oty
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6.1 Overview 6.5 The particle model
Video eLasson
+ Trvos staes ofvatr (ds-3524) e et entic 2060,
- Parcies noures (st 29821
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¥ Interactivity
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Workbooks
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+ Granges of sato 0222
Practca invst =

Questions at 3 levels of difficulty provide
differentiation while allowing all students to
work on the same subtopic.

Level 1 Try these for initial understanding.

Level 2 Try these when you’re feeling more
confident.

Level 3 Try these when you’re ready to try
something harder.

Practical investigations
throughout each topic provide students
with opportunities to engage with
science and develop an understanding of
content and science skills.

It the force that Keeps helium-filled bll s also the
ise o the surface of the ocean,

Consider figure 8.22. 1f the buoyancy force is greaer than the weight of the balloons,they
il rise nto theair if the gil les go. 1f the buoyaney force is ereater than the weight of th girland th
balloons,they will take the girl with them.

the water n the y d read a book, as h
figure 823, The unusual size of the force is caused by the large amount of salt n the water.

ACTIVITY: Fioating matches

Cuta it the end of amatch and genty open tup =
alite. Garsuly

of the match and watch what happens. Try to explain
your bservations

INVESTIGATION 8.6

Are things really lighter in water?
Aim

Materils

bucket
+ length of string * 500.gram mass.
* spring balance

Method

1
the bto.
2

TOPIC & Forces nacton 420

+ The particles of a liquid are o they
i thir container.

+ The particies of liquids and solds;

they can be compressed.

Diffusion can occur in gases and liquids.

the speed o

out making the solid stat to expand.

. pan
break unilthe solid becomes  liquid
+ With futher

» the bond

gas expands. I with the
sides of the container, ncreasing the pressure.

Science as a human endeavour

i
6.8.2 Key terms

boling point the temperature at which a quid changes t0.a gas.

Contract shorten or bocome smaller n size

igation oLogbook. =
" Investation 6.2 Ranking sUbs(ancas (953 0083 Practicalinvestgation sLogbook reglon of igher concentration to lower concentration i
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ACCESS ALL OF YOUR ONLINE
RESOURCES

Using learnON

The Jacaranda Science Quest Victorian Curriculum series learnON resources provide an immersive digital
learning platform that provides teachers with valuable insights into their students’ learning and engagement.
Hundreds of engaging videos and interactivities are embedded just where you need them — at the point of
learning. learnON provides a deeper, richer and more meaningful teaching and learning experience for educators
and their students in today’s digital world, with important additional features that allow you to assign, mark and
track student work. The platform can monitor and report progress in real time to give you immediate insights
into student achievement. This helps you to easily isolate areas in which students (or groups of students) need
additional support or extension.

= (7]
amem {13 ]

Lk

Ll A L

The learnON platform gives you the control over your students’ learning pathways.

Some of the many benefits of the learnON platform include:
* online questions with a 1 : 1 correspondence to questions in print
e real-time immediate corrective feedback and fully worked solutions
for every question to help students get unstuck
e anew side-by-side lesson view, enabling access to reading content
and question sets on one screen
¢ hundreds of videos and interactivities to bring concepts to life

JACARANDA
e customisable course content, giving teachers more flexibility to SC [ence Ou eSt

create their own course
oye . VICTORIAN CURRICULLIM
e the ability to connect students and teachers in a class group SECOND EDITION 1 0

learn

e the ability to separate a class into subgroups, making differentiation
simpler

e dashboards to track progress

e immediate insight into student progress and performance using the
Results page

e the ability to send important documents to the class

e formative and summative assessments.

jacaranda
R

Wiy Brand

rmerss Le*te | Mar=n Jd Prengresn
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Customise student learning

At Jacaranda, we understand that no-one knows
your students’ learning needs better than you. With
learnON, you can tailor each task and assign it

to individual students, create your own groups or
assign to the whole class. You have complete control
over assigning questions or tasks for each student,
whether they are for practice or assessment, due
dates and when students have access to results.

You also have the ability to hide specific parts of
the reading content from student view, to allow for
closed-book tests or to create your own pathway
through the material for your class.

Track activity

The learnON platform provides real-time summaries
of student activity. At a glance, you can see how long
a student spends reading content pages, how many
question-sets they have attempted and their progress
with assessment tasks.

The Resources tab in
learnON contains all
the digital resources
available for each
topic, broken

down into various
categories.

Course content
can be hidden from
students, making it
easy to create and
customise courses.

Receive real-time
immediate corrective
feedback when
answering questions
online in learnON.

Provide meaningful feedback — quickly and easily

The learnON platform also provides an easy-to-navigate marking interface that allows you to see student

responses, comment on and mark their work.

Gain deep insights into
student performance

You also have access to detailed reports on student
progress that allow you to filter results for specific
skills or question types. With learnON, you can
show students (or their parents or carers) their
own assessment data in fine detail. You can filter
their results to show their development with each
proficiency strand, skill, topic or subtopic. Results
are also colour-coded to help students understand
their strengths and weaknesses at a glance.

Keep track of your ‘to do’ list

The learnON dashboard gives students and
teachers a clear picture of their progress
throughout the year. For teachers, it provides

a visual summary of upcoming assessment
deadlines, student submissions waiting to be
marked and overdue tasks. For students, it
providers reminders of due dates and notifications
about the availability of feedback and marked
tasks.

The Reports page
tracks student
progress over time,
where results can

be filtered in many
different ways.
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NEW in the Jacaranda Science Quest VC series

eWorkbook for Science Quest

The eWorkbook is the perfect
companion to the series, adding
another layer of individualised
learning opportunities for students,
and catering for multiple entry and
exit points in student learning. The
eWorkbook also features fun and
engaging activities for students

of all abilities and offers a space
for students to reflect on their own
learning.

Topic 6 Starter activity

Answers

Particles in our lives

GRAEME LOFT:

eWORKBOOK

scieENcE QuEsT 10

VICTORIAN CURRICULUM | SECOND EDITION

jacaranda

The new eWorkbook and eWorkbook solutions are available as downloadable PDFs or customisable Word

documents in learnON.

Practical Investigation eLogbook for Science Quest

The practical investigation
eLogbook ignites curiosity through
science investigation work, with

an extensive range of exciting and
meaningful practical investigations.
Aligned with the scientific method,
students can develop rich science
inquiry skills in conducting
scientific investigations and
communicating their findings,
allowing them to truly think and
act like scientists!

d

INVESTIGATION 6.1
Investigating the prop
liquids and gases

TEACHER LABORATOR

d

INVESTIGATION 6.2
Ranking substances

TEACHER LABORATOR

d

INVESTIGATION 6.3
Measuring the volume]
shaped solid

TEACHER LABORATOR

KEY KNOWLEDGE

KEY SCIENCE SKILLS

KEY KNOWLEDGE

KEY SCIENCE SKILLS

GRAEME LOFTS | MERRIN J. EVERGREEN

PRACTICAL INVESTIGATION

eLOGBOOK
science QuesT 10

VICTORIAN CURRICULUM | SECOND EDITION

Ay s

The practical investigation eLogbook is supported with an unrivalled teacher and laboratory guide, which
provides suggestions for differentiation and alteration, risk assessments, expected practical results and

exemplary responses.

teachON

teachON offers teachers time-saving support

and inspiration, with ready-made lesson plans,
practical teaching advice, differentiated work
programs, extensive practical and lab support

and customisable assessment. With access to the
learnON platform, teachers also receive immediate
insights into their students’ performance and

engagement.
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1.1 Overview

Numerous videos and interactivities are embedded just where you need them, at the point of learning, in your
learnON title at www.jacplus.com.au. They will help you learn the content in this topic.

1.1.1 Introduction

Are you ethical? Does it matter? What
influences your opinions, values and
beliefs? How do your attitudes affect
when, how and why you learn? How
and why do you think the way that
you do? Is it ever worth changing your
mind? Why doesn’t everyone think the
same way as you do? Who are you and
who are you yet to become?

These questions are all important to
consider in science, not just when
considering the content, but in the

way you conduct investigations. The
way you formulate investigation
questions, design experiments, conduct
investigations and form conclusions is
often influenced by opinions, values and
beliefs. It is important to ensure that
these are considered to ensure accurate
and valid data is obtained and findings
are free of bias.

Resources

Video eLesson Meet Professor Veena Sahajwalla (eles-1071)

Watch this video to learn about Professor Veena Sahajwalla, a leading expert in the
field of recycling science, and founding director of the Centre for Sustainable Materials
Research & Technology at UNSW. She is producing a new generation of green
materials, products and resources made entirely, or primarily, from waste.

1.1.2 Think about science

FIGURE 1.1 Einstein’s theories were used to develop nuclear
weapons — something he ethically opposed.

. Who owns genetic material?

NoOUhAWON S

. Are there any examples of scientists altering their results in a scientific investigation?

. What recent discoveries have allowed for more accurate results in investigations to be obtained?
. Can unethical behaviour ever be justified?

How can simulations and models be used in investigations?

. Is all secondary information on the internet accurate?

Is it your DNA or your environment that determines your beliefs and opinions?
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1.1.3 Science inquiry

What makes good news?

We live in an age of information. In fact, you are continually being bombarded by it! How can you begin to make
sense of all the information you receive? How can you better evaluate it? How can you incorporate this new
information into what you already know to develop a better understanding of the world in which you live?

To effectively evaluate articles in the media you need to be able to determine what the facts are, and consider the
type of journalism, the quality of writing and the article’s ability to effectively present its message.

Read the article headlines and opening paragraphs provided, and then answer the following questions.
1. For each article, consider the following.
a. What do you think the article is about?
b. What type of article do you think it is? Is it:
i. sensational ii. informative ili. entertaining iv. thought provoking?
c. Use the internet to find further content from each article and find out more about the story by using search
parameters such as the article headline and newspaper source.
d. Analyse the language and style of writing used in the article. What kind of audience do you think this article
was written for?
e. Do you think you need to be a scientist to understand what the author is writing about?
f. Did the article headline grab your attention and make you want to read more? If not, how could it be improved?
g. Research one of the events or issues mentioned and write your own article about it. Collate the class articles
into a journal or newspaper.
2. The first of these articles was written more than ten years ago.
a. What types of environmental and scientific problems did people face at the time?
b. Are they similar or different to those we face today?
c. Use the internet to find out more about the following issues mentioned in the articles:

i. carbon tax ii. China syndrome ili. nuclear power iv. millennium bug.
d. How do you think people’s opinions of the above issues have changed in the past ten years? Justify your
answer.

That white-hot ball-bearing in the sky

Our supposedly middle-aged sun has been behaving like an adolescent of late, hurling huge clouds of
particles at us after its face broke out in spots.

The Sydney Morning Herald
‘Bang’ when a nuclear reactor fails
There is no such thing as fail-safe nuclear power, science commentator Karl Kruszelnicki said yesterday.

‘Nuclear reactors are not fail-safe. They won't fail in a safe way. They can go bang as Chernobyl did,’
Dr Kruszelnicki said.

Herald Sun
Nuclear crisis is no longer fiction
The nightmare scenario for Japan’s crippled nuclear power plants is the so-called China syndrome.
The Hollywood movie The China Syndrome portrayed a near-meltdown of nuclear fuel rods in a US reactor.
Herald Sun
Millennium bug melee misses the true degree of our challenge

Tim Flannery’s 1000-year carbon concession is a straw man that will no doubt burn brightly throughout the
highly contested carbon tax debate.

The Australian

TOPIC 1 Investigating science 3



Resources

eWorkbooks Topic 1 eWorkbook (ewbk-6530)
Student learning matrix (ewbk-6534)
Starter activity (ewbk-6532)

Practical investigation eLogbook Topic 1 Practical investigation eLogbook (elog-0737)

Iea rn Access and answer an online Pre-test and receive immediate corrective feedback

and fully worked solutions for all questions.

1.2 Thinking flexibly

LEARNING INTENTION

At the end of this subtopic you will be able to explain and provide examples of thinking (both flexibly and critically)
in science, and describe the influence of attitudes and behaviours to the refinement of theories over time.

1.2.1 Thinking with an open mind

‘One thing only I know, and that is that I know nothing.” This statement is often
linked to a Greek philosopher called Socrates (470-399 BC), who had a major
impact on Western thinking and philosophy. This statement, however, also goes
against what is commonly thought about science and scientists. Some consider
that science will always have the answers and that scientists know all. Not only
is such a belief untrue, it is also potentially dangerous. Thinking flexibly and
with an open mind are better traits for a scientist to possess. The history of
science and philosophy is littered with theories that at one time were considered
to be answers, but were later discarded.

In science, it is important that you are not just able to think critically, but also
able to think flexibly.

Being able to think critically involves being able to carefully consider
information provided to you to help guide decision-making. Thinking flexibly
involves being able to consider different points of view.

Science doesn’t just involve conducting practical investigations and recording
and analysing results. It is important to consider ethics, attitudes, opinions,
values and beliefs. Being able to think flexibly and appreciate these different
viewpoints is important because it allows you to think in a critical way and
strengthen the conclusions you are able to draw.

Being able to think both critically and flexibly has allowed for some of the most
exciting and amazing scientific discoveries.

1.2.2 Making judgements

Opinions, values and attitudes involve making judgements about the desirability of
something, whereas beliefs usually do not. Your values may involve making personal
judgements and represent a deeper commitment than an attitude would. Values also
act as standards in your decision making. Opinions can be expressed as a point of
view that is based on known facts or available information. Although beliefs reflect
what we think and know about the world, they do not have to be based on fact.
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FIGURE 1.2 Socrates,
a famous Greek
philosopher
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judgements opinions formed
after considering available
information

values a deep commitment to
a particular issue and serve as
standards for decision making
opinions personal views or
judgements about something
beliefs feelings or mental
acceptance that things are true
or real



While you may see the world through the lenses
in your eyes, your perceptions are filtered
through your beliefs and assumptions.

FIGURE 1.3 Proximate rules and the comfortable
distance of people in different zones.

Public zone
Other lenses

Your family, cultural and social environments
also play a part in how you perceive the world.
Your attitudes, values and beliefs may be quite
different due to the influence that these factors [iliEre sarie
have on how you shape and organise your
understanding of what happens around you. The
time that you live in is also important. Imagine
the effect this has had on scientists throughout
different times in history.

Social zone

Personal zone
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Not know well zone

Our attitudes can also be expressed by the 15-45 cm

distance that we place between ourselves and
others. Proximate rules determine the physical
distance (in zones) that is comfortable between
people, depending on their relationships

(see figure 1.3). Over 3.6 m

46 cm-1.2 m

1.2-3.6 m

1.2.3 Why do we need to consider attitudes and opinions in science?

What is now considered science may also be described as a branch of philosophy. This branch is involved in
trying to explain our observations from both inside and outside our bodies. There are many different ways to
analyse the tree of knowledge that we call science. Three of these ways are:

e inductionism — suggests that scientific knowledge is proven knowledge and that large amounts of
first-hand data, unbiased observations and a structured method can lead to theories that can become
universal laws

o falsification — the philosopher Karl Popper (1902—-1994) believed that no theory was ever proven beyond
doubt. He believed that theories were just educated guesses and if they failed rigorous testing they should
be thrown out.

e paradigms — or ways of thinking. Thomas Kuhn (1922-1996) saw science as being generated by basic
theories or groups of ideas that are followed and defended by scientists. These paradigms are accepted
even when data suggest that they may not be true. Only when the evidence against the theory becomes too
great does the paradigm change, to be replaced by another, until it too is replaced.

FIGURE 1.4 Karl Popper FIGURE 1.5 Thomas Kuhn
g proximate rules rules that
govern the physical distance that
is comfortable between people
inductionism a theory stating
that with enough evidence,
scientific theories can become
universal laws
falsification a credible
hypothesis or theory should be
able to be tested to be potentially
disproved or contradicted by
evidence
paradigms generally accepted
perspectives, ideas or theories at
a particular time
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elog-0739

INVESTIGATION 1.1

What are my values and beliefs?

Aim

To reflect on and make decisions regarding a variety of claims

Method

1. On your own, score each of the following statements on a scale of 0 to 4 where 0 = strongly disagree and
4 = strongly agree.

TS QT0 0000

0 1 2 3 4
Strongly disagree Disagree Neutral Agree Strongly agree

. Books are better than movies.

. Fiction is more interesting than non-fiction.

. Only wealthy students should get an education.

. Science classes should include science fiction stories.
. If something is too hard, it’s not worth trying.

Students who get below 50 per cent on a test do not deserve an education.

. At 15 years of age you have a sense of who you are.
. You are weak if you feel the need to belong.

If you failed before, don’t bother trying again.
You can have ownership without possession.

2. For three of the statements in step 1, share your opinions by being involved in constructing a class
‘opinionogram’.

S0 000

-

. Divide the classroom into five zones, and assign a score of 0 to 4 to each zone.

. Each student now stands in the zone that indicates their score for the first statement.

. Discuss the reasons for your opinion with the students in your zone.

. Suggest questions that could be used to probe students in different opinion zones.

. With students in other zones, discuss their views and share with them the reasons for your opinion.

Reflect on what you have heard from others. Decide if you want to change positions and, if so, change. Give a
reason for why you are changing.
Repeat steps (b)—(f) for two other statements.

Results

1. Outline your score for each of the given statements.
2. Construct graphs showing the opinion scales for each statement and comment on any observed patterns.

Discussion

1. a.
b.
C.

Reflect on what you have learned about the opinions and perspectives of others.

In your teams, discuss any insightful comments, ideas or opinions.

Suggest questions that could be used to more closely probe reasons for your classmates’ opinions. Share
these probing questions with your class.
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2. Suggest how you have demonstrated resilience, reflectiveness, responsibility and resourcefulness during this
activity. Comment on things that you may change if you were to do the activity again.

Conclusion
Summarise your findings about opinions on different values and beliefs.

1.2.4 Communicating attitudes through paralanguage

Attitudes can be communicated both verbally and non-verbally. Rather than just using words, we also use our
posture, use of space, gestures, facial expressions, and the tones, inflections, volume and pauses in our speech.
The term paralanguage is used to describe this non-verbal communication, such as the way that you say
something, rather than what you say.

The language of understanding

How can your use of language and non-verbal communication give the right

impression about who you are? How do your attitudes affect when, how and why you paralanguage non-verbal parts

learn? How can you make your learning and understanding more effective? Part of of communication; for example,
L . . . . . the way something is said, rather

communication is using appropriate language and understanding what this language than the words that are used

means, as shown in figure 1.6.

FIGURE 1.6 The language of understanding

Design
Create Solve Demonstrate
Read between the lines
Produce Decide Synthesise
Tell a story Apply
Show
Translate \
Explain Justify
Judge —
/ Design
Evaluate
Language of
understanding Be aware of
Compare
Realise
Contrast Perspective Self-knowledge
Recognise
Argue
Empathy Reflect
Analyse Consider Imagine
Criticise Self-assess
Believe Relate
Be like
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Thinking tools

You can organise and communicate your thoughts in many different ways. These thinking tools help you to
improve your communication of ideas, organise thoughts, reflect attitudes and display ideas. Some examples
include:

e mind maps

e priority grids

e SWOT analysis

e matrices

e cycle maps

e fishbone diagrams.

These thinking tools will be further explored in subtopics through Science Quest 10.

Resources

eWorkbook Thinking tools and the language of learning (ewbk-6537)

1.2.5 Refinement of theories
What is a theory?

A theory is a well-supported explanation of a phenomena, based on investigations, research and observations.
In science, theories are often tested using the scientific method.

It is important to note that theories are referred to as well-supported explanations, rather than proven
explanations. Theories are formulated based on information available at the time, and provide an explanation of
a phenomena.

Theories can change overnight, or take a very long time to change. Theories that were once popular and well
accepted may be discarded when too much evidence builds up against them. They are replaced by a theory
which better fits the observations.

As our ability to conduct investigations improves over time, our ability to interpret
results and make observations is also changing. New technology has allowed us a
greater understanding of science than ever before, thereby allowing us to adapt and theory a well-supported

. . . explanation of a phenomenon
adjust previously well-supported theories. baZed on facts tr?at have been
. . . . obtained through investigations,
However, in 5, 10 or 100 years time, new observations may replace the theories that research and observations

are currently supported today.

SCIENCE AS A HUMAN ENDEAVOUR: Refining theories in astrophysics

Until recently, it was accepted that about 23 per cent of our universe was made up of stuff we can’t even see. This
invisible dark matter is said to lurk in the hearts of galaxies and keep the outermost stars from flying off into the
void. It is thought to be responsible for the appearance of clusters of galaxies. But what if this isn’t the case?

Newton’s theories are again being questioned. A growing number of astrophysicists support a controversial new
theory called Modified Newtonian Dynamics (MoND), which has led to some surprising predictions about the
evolution of the universe. Previously, galaxies were thought to have formed from relatively dense pockets of matter
with dark matter holding them together. The laws of the MoND theory suggest a different picture is possible. If
correct, this theory could overthrow the established view of gravity and dark matter. These two areas underpin
almost everything known about astronomy. MoND may also lead to a rethinking of Einstein’s theory of relativity.
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TABLE 1.1 The changing ideas of the universe

Changing idea

1933 | Fritz Zwicky coins the term ‘dark matter’ to describe unseen mass or ‘gravitational glue’ in galaxy
clusters.

1978 | Astronomers show that many galaxies are spinning too quickly to hold themselves together unless
they are full of dark matter.

1983 | Mordehai Milgrom publishes a modified gravity theory called MoND. It explains why galaxies don’t fly
apart without using dark matter, but remains at odds with Einstein’s relativity.

1990s | Studies of galaxies and galaxy clusters show that their gravity bends light more strongly than is
expected without dark matter. MoND researchers start devising improved theories to explain extra
light bending.

1994 | Jacob Bekenstein and Roger Sanders prove that any theory that resolves the light-bending issue and
meshes MoND with relativity must involve at least three mathematical fields.

2000 New data on the cosmic microwave background reinforce the standard, dark matter picture of the
universe.

2004 | Jacob Bekenstein devises a version of MoND that is consistent with relativity.

2005 | Constantinos Skordis and others show that relativistic MoND provides a good fit to the microwave
background data.

Resources

Video eLesson Dark matter labs (eles-2688)

CASE STUDY: Newton (1643-1727) and Descartes (1596-1650)

Newton’s theory of universal gravitation
stated that everything was attracted to
everything else. This would mean that
the Sun’s gravity would keep the Earth
and other planets in orbit. Descartes,
however, did not think that force could
be transmitted through empty space and
suggested that the Earth was in some
kind of whirlpool that revolved around
the Sun.

FIGURE 1.7 Newton and Descartes differed in their opinions
on gravity and forces.

Another difference between these
theories was their predictions about the
shape of the Earth. Newton’s theory
suggested that the Earth would be flatter
at the poles and fatter at the equator
due to the effects of gravitational

force. Descartes’ theory suggested

the opposite. In 1737, two expeditions
left France to travel around the world and measure the curvature of the Earth to resolve the dispute. Upon their
return, both expeditions provided measurements that supported Newton’s prediction.

TOPIC 1 Investigating science 9



ACTIVITY: Exploring the life and times of Newton and Descartes

Find out more about the life and times of Newton and Descartes. Write a newspaper article of the times to
describe their rival theories.

How do refinements of existing theories come about?

Theories are refined and adapted for a variety of reasons. This can be through:
e observations made in carefully planned laboratory-based or field-based experiments
e critical reinterpretation of previously accepted facts, producing a new framework
e new technologies that allow for changes to understanding and more depth of knowledge.

SCIENCE AS A HUMAN ENDEAVOUR: Einstein’s impact

Albert Einstein’s (1879-1955) contribution to modern physics is unique. Over a hundred years ago, when he
was only 26 years old, he published a series of original theories that changed the way we see the universe. He
published revolutionary ideas on the photoelectric effect, special relativity and Brownian motion.

In his study of Brownian motion, Einstein confirmed the existence of atoms. While other scientists were debating
whether light was a particle or a wave, his theory of the photoelectric effect, which described the interaction of
light and matter, suggested it was both.

His theory of special relativity examined the nature of space and time. The relativity theory is called ‘special’
because it doesn’t include the effects of gravity. He showed how space and time could mix and match depending
on your point of view. Special relativity stated that an atomic clock travelling at high speed in a jet plane ticks
more slowly than a stationary clock. His theory also explained how an object could shrink in size and gain mass
at the same time. It was this theory that led to the famous equation E = mc? which links energy and matter. This
led to the realisation that huge amounts of energy are released in nuclear reactions. While this has provided some
benefits, it has also led to detrimental applications such as the production and use of nuclear weapons.

FIGURE 1.8 A mushroom-shaped cloud is often associated with a nuclear explosion.
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FIGURE 1.9 Einstein’s 1939 letter to President Roosevelt

Albert Einstein
Old Grove Rd.
Nassau Point
Peconic, Long Island
August 2nd, 1939
F. D. Roosevelt,
President of the United States,
White House
Washington, D. C.

Sir:

Some recent work by E. Fermi and L. Szilard, which has been communicated to me in manuscript, leads

me to expect that the element uranium may be turned into a new and important source of energy in the
immediate future. Certain aspects of the situation which has arisen seem to call for watchfulness and, if
necessary, quick action on the part of the Administration. | believe therefore that it is my duty to bring to your
attention the following facts and recommendations.

In the course of the last four months it has been made probable — through the work of Joliot in France as
well as Fermi and Szilard in America — that it may become possible to set up a nuclear chain reaction in a
large mass of uranium, by which vast amounts of power and large quantities of new radium-like elements

would be generated. Now it appears almost certain that this could be achieved in the immediate future.

This new phenomenon would also lead to the construction of bombs, and it is conceivable — though
much less certain — that extremely powerful bombs of a new type may thus be constructed. A single
bomb of this type, carried by boat and exploded in a port, might very well destroy the whole port together
with some of the surrounding territory. However, such bombs might very well prove to be too heavy for
transportation by air.

ACTIVITY: Einstein’s letter to President Roosevelt

a. Find out what prompted Einstein to write the letter to President Roosevelt.

b. What were Einstein’s thoughts on this application of theories that he had been involved in?

c. If you were in Einstein’s situation, suggest how you would feel and what you would do. Present your thoughts
in a letter that you would write to a close friend.

1.2.6 Shifting tides

What are the laws of nature? A physical law may be a hypothesis that has been confirmed by experiments so
many times that it becomes universally accepted. Current research and advances in technology are increasingly
leading some to question the constants or laws that have formed the basis for our science laws (including
Einstein’s theory of special relativity).

It is good to question what we think we know. Sometimes, the changes in technology and in our attitudes,
values and beliefs can alter what we previously thought was a given. Questioning your assumptions can also
lead you to deep insights.

Resources

Video eLessons Theoretical physicists of the twentieth century (eles-2687)

Australia’s top scientists (eles-1079)
Hesperides science (eles-1078)

assessm Additional automatically marked question sets

TOPIC 1 Investigating science 11



1.2 Exercise learn

To answer questions online and to receive immediate feedback and sample responses for every question, go to
your learnON title at www.jacplus.com.au.

Select your pathway

LEVEL 1 LEVEL 2 LEVEL 3
Questions Questions Questions
2,3,8 1,4,6,9 5,7,10

Remember and understand

1. Describe the difference between opinions and beliefs.
2. Fill in the word in the following sentence:
suggests that scientific knowledge is proven knowledge and that large amounts of first-hand
data, unbiased observations and a structured method can lead to theories that can become universal laws.
3. ldentify each of the following statements as true or false. Justify your responses.

a. Attitudes are a combination of feelings, beliefs and actions.

b. Beliefs involve making judgements about the desirability of something whereas opinions, values and attitudes
do not.

c. Opinions can be expressed as a point of view based on fact whereas beliefs reflect what we think and know
about the world, but don’t need to be based on fact.

d. The history of science and philosophy is littered with theories that at one time were considered to be answers,
but were later discarded.

e. Laws in the new theory of Modified Newtonian Dynamics (MoND) could overthrow the established view of
gravity and dark matter, question what we currently know about astronomy, and lead to the rethinking of
Einstein’s theory of relativity.

f. It can be useful for scientists to question their assumptions.

4. Match the language of learning categories with the appropriate question.

a. Apply A. What does this mean?

b. Empathy B. What are others aware of that | am missing?

c. Explain C. What are my weaknesses? How do | best learn?
d. Interpret D. How and where can | use this knowledge?

e. Perspective E. Is it reasonable? Whose point of view is this?

f. Self-knowledge F. Why is it so? How does it work?

Apply and analyse

5. A bias is a preference that may inhibit your impartial judgement.

a. Give an example of how you are biased.

b. Bias may be revealed by comments that are exaggerations, generalisations, imbalanced opinions stated as
facts or emotionally charged words. Look through online articles and select two articles that show examples
of bias. Bring these articles to school and discuss the bias with your class.

c. Suggest why it is important to know your biases.

6. Research one of the following scientists and outline a theory that they have been involved in constructing:
Charles Darwin, Michael Faraday, Ernest Rutherford, Jean-Baptiste Lamarck, Francis Crick, Gregor Mendel,
Albert Einstein.

7. Research and describe four examples of scientific theories that are no longer in favour.
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Evaluate and create

8. Suggest ways in which you can use language positively when you are communicating with others.
9. a. Carefully examine the cartoon shown and then research Einstein’s theory of relativity.
b. On the basis of your findings, explain which ideas the cartoonist is trying to incorporate. Suggest how the
cartoon could be improved.

EINSTEING | Ll havea LT

Speed-of - «Speed-of-light

FAST Foob | festarlens |
*525:15 zpeed

10. Reflect on Einstein’s quote ‘Imagination is more important than knowledge’. In terms of science, what is
your opinion on this statement? Justify your response.

Fully worked solutions and sample responses are available on your digital formats.

1.3 Science and ethics

LEARNING INTENTION

At the end of this subtopic you will be able to explain the influence of ethics in science and describe how this is
influenced by goals, rights, needs and duties.

1.3.1 Difficult decisions

If you really wanted something, how far would you go to get it? What wouldn’t you do?

If you wanted the lead in the school play, what would you do? Might you take up music lessons or buy the
selecting teacher gifts? How about stealing a script so you can get that bit of extra practice in?

1.3.2 Goals, rights, needs and duties
Goals and rights

Shona in figure 1.10 wants to get a place in the school musical. This is Shona’s

goal — it is something she wants to achieve. However, Shona does not have a right goal something that you want to
to a place in the musical; although, as a student of the school, she does have the right a.cr:teve i ool that

. . . . . right something you feel that you
to try for a place. A right is something we have if we can expect to be treated in a are entitled to

certain way, no matter what the consequences. A right is different from a need.
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Needs and duties

A need is something we require. We all have the need to feel

we are doing something worthwhile. If Shona gets a place in the
musical, she will have a duty towards her fellow actors. We often
think of having a duty as being required to act in a certain way;
for example, telling the truth. Shona may have several duties,
such as learning her lines and attending rehearsal sessions.

FIGURE 1.10 What are the goals,
rights, needs and duties of Shona?

Needs are often outlined using Maslow’s hierarchy of needs, as
shown in figure 1.11.

FIGURE 1.11 Maslow’s hierarchy of needs

elf-actualization
ire to become the most that one can be

Esteem
respect, self-esteem, status, recognition, strength, freedom

Love and belonging
friendship, intimacy, family, sense of connection

Safety needs
personal security, employment, resources, health, property

Physiological needs
air, water, food, shelter, sleep, clothing, reproduction

The most important needs are at the base of the hierarchy and are fundamental and primary needs.

Needs are something we require, and are different to wants, which is something we desire.

DISCUSSION

The COVID-19 pandemic brought to light the continual debate between wants and needs, and how opinions
around these differ greatly between individuals.

The line between wants and needs often becomes more blurred for individuals in times of crisis, particularly in
times of lockdown and economic uncertainty.

Discuss with those around you how and why individuals might view wants and needs differently in times of crisis,
and describe four examples of how thoughts on wants and needs differed between individuals during the
COVID-19 pandemic.

Duties versus goals

Duties often derive from goals and rights. For example, if you are accused of a crime and appear in court, you
have a right to a lawyer, regardless of whether you are innocent or guilty. Your lawyer has a duty to try to get
you acquitted — this is your lawyer’s goal.

Some situations can become very complicated. For example, a dying man asks his

doctor not to keep him alive any longer. Does the doctor have a duty to carry out the
man’s wishes because of the man’s right to decide when and how to die? Or does the
doctor have a duty to ignore the man’s wishes because of the goal of preserving life?

need something that you require

duty moral obligation or
responsibility

14 Jacaranda Science Quest 10 Victorian Curriculum Second Edition



How are these related to science?

Scientists are also influenced by goals, rights, needs and duties. A goal of many scientists is to investigate the
world around us and attempt to develop explanations of why and how it behaves as it does. Some scientists
may also consider this to be their duty or the fulfilment of a need — or even their right to do so!

Science is often used to help us answer questions about how we can apply this knowledge. For example, if
we want to know the effect of a particular diet, drug or some other factor on athletic performance, science can
provide some answers.

The goals, rights and duties of scientific investigations become less clear when science is asked to provide us
with answers about what we should do and how we should behave. Ethics are involved in shaping our ideas
about what is right and wrong.

FIGURE 1.12 Should science delve into the mysteries of life? Who decides what will be researched and how
discoveries will be used? Is science all about fame and fortune, or is it about seeking the truth? What is your
image of science?

But 16 does Fix
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1.3.3 Ethics

Ethics involve your moral values. While some

ethical values seem to be universal and widely

accepted around the world, other ethical values - "
- O16 11T 0O 1

vary — not only between countries, but also re l alt101l .

between different relig.ior.ls and 'c.ommunities. o 1 n t O 1 view.

They may also vary within families, between

different generations and throughout different E th i C S ‘ e th ' 1'h H\ n.

FIGURE 1.13 Ethics are around the idea of moral choice.
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types of scientific investigations performed and
the ways in which they are conducted.

1 1S thous

ethics the system of moral
principles on the basis of which

g an " L

Ethical values vary between countries, religions, communities and individuals — even

between members of the same family. For example, capital punishment (the execution people, communities and nations
of a person for committing a crime), is considered by some to be right and by others make decisions about what is
to be wrong. right or wrong

TOPIC 1 Investigating science 15



Science interacts with ethics in several ways, including:

e affecting the way in which science is conducted

e affecting the types of scientific research carried out
e in the conflict or match between scientific ideas and religious beliefs
e providing scientific community practices that act as a model for ethical behaviour.

The five key principles involved in ethics are:

Integrity, truthfulness and transparency: honest reporting of any findings.

Justice: equal access to benefits for various groups and all individuals are treated fairly and equitably.
Beneficence: maximising benefits to an individual (do more good than harm).

Non-maleficence: minimising harm caused to individuals.
Respect and autonomy: valuing living things, both human and non-human, including customs, decision-

making and freedom of choice. For living things that cannot make decisions, it ensures they are protected
as required. This also includes ensuring that confidentiality is maintained.

It is important to consider ethics in conducting research and investigations. This includes in scientific

investigations, medical research and in agriculture.

DISCUSSION

Discuss the following statements with your team.

e Scientists have a responsibility to consider the wider effects of their research.

¢ Individuals can influence the type of scientific research performed.

¢ The government controls what is done with scientific research.
e Companies should have total ownership of any research they financially support.

Resources

eWorkbooks Science and ethics (ewbk-6539)
Difficult decisions (ewbk-6541)

Scientific research and ethics

Scientific research is responsible for
discoveries that have been of great value to
humankind. A quick glance around us shows
lots of products of science that increase our
efficiency and improve our lifestyles. Scientific
research is also responsible for discoveries
that have had negative effects on individuals,
communities, countries and our environment.

But when we talk about responsibility,

is it science and the discoveries that are
responsible, or is it the way in which the
knowledge has been used? Who is responsible
for how the knowledge is used? These issues
are relevant to many examples of current
scientific research.

FIGURE 1.14 An example of the movement of money in

science
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1.3.4 Medical research

Medical research can be driven by need or greed.
Sometimes it can provide important information,
knowledge and understanding that can not only improve
life, but also save it. Sometimes it can achieve this goal
as well as make a lot of money for those involved in the
research or its funding.

FIGURE 1.15 An illustration of a stomach ulcer

Taking risks

If acid inside your stomach eats into your stomach
lining, an ulcer can result. This very painful condition
can also cause bleeding and can be difficult to treat. In
some cases, surgery is required. It was thought that
lifestyle factors, such as spicy food and stress, were
key factors that triggered these painful ulcers.

FIGURE 1.16 Helicobacter pylori bacteria in the
human stomach cause stomach ulcers.

One of the most well known examples of risk taking in
research was seen in 2005, when Australian scientists
Barry Marshall and Robin Warren received the Nobel
Prize in Medicine for their research on stomach ulcers.
They showed that the actual cause of many stomach
ulcers was not lifestyle, but the presence of the bacteria
Helicobacter pylori. This revolutionary finding meant
that ulcers could be treated with antibiotics.

Their discovery, however, was not recognised for a
number of years. Their ideas faced strong opposition
from the scientific community. Firm in his conviction
that these bacteria were the real cause of ulcers, and that they could be easily cured by antibiotics, Marshall
took a drastic step. He drank a container of Helicobacter pylori to infect himself! Fortunately for him (and us),
although he experienced considerable discomfort, he was cured by antibiotics.

Resources

Video eLesson Heliobacter pylori bacteria (eles-2691)

DISCUSSION

Discuss the following with those around you and share your ideas with the class.
¢ Were Marshall’s actions ethical?
e There are strict regulations on experimentation on humans. Did this give him the right to infect himself?
e Was it his duty?
e Apparently Marshall had carried out a risk assessment and had decided that the benefits of experimenting
on himself outweighed the risks involved. Do you agree with his conclusion?
e If you were him, is this what you would have done?
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Drug trials

Lots of ethical issues are involved in drug trials and how these types of trials are conducted.

It is important in drug trials that all participants are aware of any risks involved, have full autonomy in the
process, and are able to withdraw if they choose.

Often opinions differ in how drug trials should be conducted, such as those outlined in figure 1.17.

FIGURE 1.17 Different opinions of individuals on drug trials

A The realist
Drug trials are expensive and will add to the cost of the drugs, which is already high.

B The humanist
Testing takes time and we already know that these drugs have been effective. There are people dying who
are in need of these drugs now.

C The ethicist

We have a responsibility to test these drugs to ensure that they are completely safe for all members of
society. The most rigorous testing should always be carried out.

Sadly, there are many historical cases of drug trials that were not conducted ethically, such as the following.

e During the Tenofovir trials on HIV, individuals were given information in English, when they were French
speakers, so were not informed of risks.

¢ In the Tuskegee syphilis experiments, some individuals were deliberately infected
with syphilis and then given placebos, despite being informed they were given placebo a medicine or procedure
the treatment. that has no therapeutic effect,

e During the TGN1412 trials in the United Kingdom, individuals were given ijgsas a control in testing new
anti-inflammatory drugs but were not properly informed of the risks involved.

18 Jacaranda Science Quest 10 Victorian Curriculum Second Edition



CASE STUDY: TGN1412

A new drug, TGN1412, was designed to treat leukaemia and certain autoimmune diseases such as rheumatoid
arthritis. In rheumatoid arthritis, the body’s immune system turns upon its own tissue and attacks it. The drug
TGN1412 is a powerful antibody that works by binding to the immune system’s T cells, causing them to activate
and multiply rapidly.

TGN1412 made headlines in 2006 after its first trial on human subjects. It was given to six healthy young men in
the United Kingdom and caused severe adverse reactions that required intensive care. One man’s head swelled
to three times its normal size, causing excruciating pain. The worst affected trial volunteer was 20-year-old Ryan
Wilson, who was in a coma for three weeks after taking the drug.

Drug trial volunteers are mainly young people, and many are backpackers and students who are attracted to the
payments made by pharmaceutical companies. Other controversies have arisen following drug trials in Nigeria
and India, where it was unclear whether patients had given their informed consent.

DISCUSSION

How much information should be given to drug trial volunteers? Who should be involved in trialling new drugs?
Discuss this and share your thoughts with others.

Applications of medical research

Public institutions, such as universities, carry out medical research to increase our understanding and contribute
to the development of possible solutions to current or potential future problems. Some of this research is linked
to making money and some purely for the knowledge and understanding that it provides.

Medical research in private companies may also contribute to our knowledge, understanding and problem solving
— their key goal, however, is to make a financial profit. The type of research being funded may be influenced
more by its money-making potential than by its potential to reduce human suffering and improve quality of life.

CASE STUDY: Ethics around future vaccinations

In the past century, variations of the bird flu virus HSN1 have been responsible for pandemics in which large
numbers of humans died. The viruses H1N1 in 1933, H2N2 in 1957 and H3N2 in 1968 preceded the appearance
of H5N1 in 1997.

Some articles in the media suggest that the offspring of a modified H5N1 virus may contribute to the end of the
human race. Scientists have stated that if there is mixing of the genetic material of the human flu virus with this
bird flu virus, it may create something that our immune systems can’t fight. In such a situation, millions of people
may die. Individual genetic variations may be a key factor in the outcome of who will live and who will not survive.

Our main chance of survival may be the development of a vaccine against a virus that does not yet exist. It is
another example of how possible need can direct the journey of scientific discoveries. In this frenzy to create
vaccines, many issues arise. How much information should be shared with companies, governments, countries
and the public? Will only those who can afford treatment receive it? Is this the new form of natural selection?
Who is responsible for taking control and regulating the research and its discoveries?

DISCUSSION

Only about 75 per cent of the world’s children are being vaccinated against viruses such as measles, whooping
cough and chickenpox. Some new vaccines; for example, against hepatitis and meningitis, have hardly been
used at all. If these vaccines can reduce the chance of others becoming ill or dying from particular diseases, who
has the responsibility to make sure that they are effectively used? Should the individual take responsibility, or
should it be the community, government or scientists?
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1.3.5 Animal testing

Is it ethical to use animals in scientific research, such as that shown in figure 1.18? Animals are used in
scientific research to test the effects of cosmetics, different surgical techniques, types of disease treatments,
and to find out more about how their and our bodies function. During some of this research animals may
experience pain, suffering and even death. There are many ethical issues related to the use of animals in
scientific research, the types of animals used and whether the research itself is ethical.

1.3.6 Ethics in agriculture

With an increasing global human population comes the need for an increased food supply. Traditional plant
breeding methods are being replaced with new technologies. One of these is the use of genetic modification
(GM). This technology enables plants to be designed with features that increase crop yields and quality.

Some applications of genetic modification enable the development of crops that are resistant to herbicides
(for example, canola), can make their own pesticides (for example, cotton) or contain added nutrients (for
example, rice).

There is considerable debate about the use of genetic modification because it involves

changing the plants at a molecular level: the actual DNA of the plant is modified. This ~ 9enetic modification the
technol . 1 . bet diff t . th 1t lant technique of modifying the
technology can involve moving genes between different species, so the resulting plan CERAITE & e @ ETarT

is transgenic (contains DNA from different species).

FIGURE 1.18 Animal testing brings up FIGURE 1.19 Genetic modification
many ethical considerations is used to increase crop yields and
quality.

DISCUSSION

Discuss the following questions in relation to genetically modified foods in agriculture.
e Is it right to interfere with nature?

Does the addition of an animal gene to a plant make it suitable for vegetarians?

Should GM foods show this status on their labels?

Who should receive the profits?

e Who has ownership of the modified plants?
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INVESTIGATION 1.2

Where do | stand on ethical issues in science?
Aim
To reflect on and make decisions regarding a variety of ethical issues in science

Method

1. On your own, score each of the following statements on a scale of 0 to 4, where 0 = strongly disagree
and 4 = strongly agree.
. Immunisation of children should be compulsory.
. Genetic manipulation of food crops and animals should be illegal.
. IVF technology should be publicly funded.
. Nuclear reactors should be built in each Australian state and territory.
. Cosmetics should be tested on other animals prior to their availability to humans.
The development of new drugs should be done by non-profit organisations rather than those that may make
a profit.
g. If an effective but expensive drug is available to cure a life-threatening disease, it should be available to
everyone, not just those who can afford it.
h. Genetically modified food should be clearly labelled as such.
i. Close relatives of humans, such as monkeys and chimpanzees, should not be used as animals in scientific
research that tests the effectiveness of treatments against various diseases.
j. Scientists should be allowed to experiment on themselves.
2. For at least three of the statements, share your opinions by being involved in constructing a class
‘opinionogram’.
. Divide the classroom into five zones, and assign a score of 0 to 4 to each zone.
. Each student should stand in the zone that indicates their score for the first statement.
. Have a member of the class record the number of students at each point of the scale.
. Discuss the reasons for your opinion with the students in your zone.
. Suggest questions that could be used to probe students in different opinion zones.
Share reasons for your opinion with students in other zones and listen to their reasons for their stance.
. Reflect on what you have heard from others. Decide if you want to change positions and, if so, change.
Give a reason for why you are changing.
. Have a member of the class record the number of students at each point of the scale.
Repeat steps (b )—(h ) for the other two statements.
Reflect on what you have learned about the opinions and perspectives of others.
. Suggest questions that could be used to more closely probe reasons for your classmates’ opinions. Share
these probing questions with your class.
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Results

1. Outline your score for each of the given statements.
2. Construct graphs showing the opinion scales for each statement and comment on any observed patterns.
3. Construct a PMI chart for each statement based on opinions and statements made by others in the class.

Discussion

1. Research two of the issues above. Construct a table with reasons for and against. Compare and discuss your
table with others.

2. Select one of the statements (ensure it is different from the statements debated in step 2 of the Method) and
organise a class debate.

Conclusion
Summarise your findings about opinions on ethical issues in science.

Resources

assessEm Additional automatically marked question sets
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1.3 Exercise learn

To answer questions online and to receive immediate feedback and sample responses for every question, go to
your learnON title at www.jacplus.com.au.

Select your pathway

LEVEL 1 LEVEL 2 LEVEL 3
Questions Questions Questions
1,2,6 3,5,8 4,7,9

Remember and understand

1. Identify each of the following statements as true or false. Justify your responses.
a. Aright is something we have if we can expect to be treated in a certain way, no matter what the
consequences.
b. Scientists can be influenced by goals, rights, needs and duties.
c. The goals, rights and duties of scientific investigations become clearer when science is asked to provide us
with answers about what we should do and how we should behave.
d. Ethics are often involved in shaping our ideas about what is right and wrong.
e. The type of research being funded by some private companies may be influenced more by its money-
making potential than by its potential to reduce human suffering and improve quality of life.
f. Nobel prize recipient Barry Marshall drank a container of Helicobacter pylori to infect himself to support his
conviction that the actual cause of many stomach ulcers was bacterial rather than lifestyle.
2. Ouitline the five main principles of ethics.
3. Describe some ethical issues related to animal testing.
4. Outline some of the arguments against using genetically modified crops.

Apply and analyse

5. a. Laura is a member of the pre-musical performance squad. Shona would like to be a member of the
squad.
Think about this situation and the goals, rights, needs and duties that Laura and Shona each have, and then
copy and complete the following table.

TABLE lIdentifying and specifying goals, rights, needs and duties

Person Goals Duties

Laura

Shona

Teacher in charge of casting

Audience for the musical

Rest of the cast

b. How people behave in any situation is largely determined by how they perceive the relative importance of
their goals, rights, needs and duties.
i. Describe how Shona may behave if she perceives that her goals and needs are of greater importance
than those of others.
ii. Contrast this with the behaviour you may expect if she perceives her goals as being less important
than those of others.
iii. How do you think Laura and Shona should behave towards each other?
6. Analyse each of the levels in Maslow’s hierarchy of needs. How does this apply to your everyday life?
7. Drug trials were conducted in 2020 to test a vaccine against COVID-19. Provide recommendations on how
integrity, justice, beneficence, non-maleficence and autonomy can be assured.
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Evaluate and create

8. Comment on the following statement: ‘Scientific discoveries should belong to everyone’. Outline your
opinions of this and write three paragraphs justifying your response.

9. We have had to face some very complex and difficult issues because of recent scientific and technological
advances. Examples of issues being faced in Australia include:

compulsory immunisation of children

genetic manipulation of food crops and animals to optimise such things as their resistance to pests and
their growth rate

irradiating food to maximise its shelf life

public funding of IVF technology

reducing irrigation to improve water quality of rivers

building a new nuclear reactor in Australia.

Research one of the preceding issues and create a report summarising ethical considerations around this.

Fully worked solutions and sample responses are available on your digital formats.

1.4 Designing and conducting your own
investigation

LEARNING INTENTION

At the end of this subtopic you will be able to design and conduct investigations with attention to variables,
reports and scientific processes.

1.4.1 The scientific method

As a science student you are required to undertake scientific investigations. These investigations will not only
help you understand scientific concepts, they can be a lot of fun! Scientists around the world all follow what is
known as the scientific method. This allows scientists to examine each other’s work and build on the scientific
knowledge gained. An important aspect of science is being able to reproduce someone else’s experiment. The
more evidence a scientist has about a theory, the more accepted the theory will be.

The scientific method is summarised in figure 1.20.

The skills you will develop in conducting scientific investigations include the following:
questioning and predicting

planning and conducting

recording and processing

analysing and evaluating

communicating scientifically.

1.4.2 Begin with a plan

Whenever you take a trip away from home, you need to plan ahead and have some
idea of where you are going. You need to know how you are going to get there,
what you need to pack and have some idea of what you are going to do when you

get there.

It’s the same with an experimental investigation. Planning ahead increases your

scientific method a systematic
approach to planning, undertaking
research, and analysing data and
observations

chances of success. It’s easier if you can break an investigation down into steps.
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FIGURE 1.20 The scientific method
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a working 6. Analyse results:

hypothesis is the hypothesis
supported or
rejected?

l

Communicate results, whether or
not the hypothesis is supported

Designing your own investigation requires a great appreciation of your learning, and requires you to be
creative, organised and be able to persevere and adapt when things don’t work the way you expect.

Part of being a scientist is through the action of refinement — there are no failures in science, but, instead,
lessons that allow you to adjust your hypothesis and try something new. That is all part of the excitement of
scientific investigation.

FIGURE 1.21 What sorts of questions do you ask yourself to decide whether you should take on new learning?
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The four Rs

In order to plan an investigation, it helps to
consider the four Rs: resilience, reflectiveness,
responsibility and resourcefulness.

e Resilience is about believing in yourself
and having the ability to tolerate sometimes Resilience
feeling a little uncomfortable. As learning is
an emotional business, your ability to tolerate
emotions is important. Learning is not always
fast and smooth; there can be frustrating
flat spots, exhilarating highs and upsetting
setbacks. Resilience helps you to stick with
it and recover from any disappointments. It
is important in learning to help you tolerate
your emotional seesaw. The components of
resilience are shown in figure 1.22.

e Reflectiveness is being self-aware and
mindful of what could be and what has been.
It involves being open-minded and sometimes
standing back and looking at the big picture;
asking yourself if your own assumptions are
getting in the way of the truth.

aspects

Adaptability

FIGURE 1.22 Resilience involves many different

e Responsibility is being able to manage yourself and your learning. It’s about monitoring your progress

and thinking about other options and different perspectives.

e Resourcefulness is knowing what tools you have and when to use them. It’s about taking responsible

risks and using a range of appropriate learning tools and strategies.

1.4.3 Keeping records

A logbook is an essential part of a long scientific investigation. It provides you with a complete record of your
investigation, from the time you begin to search for a topic. Your logbook will make the task of writing your

report very much easier.

A logbook is just like a diary. Make an entry whenever you spend time on your
investigation. Each entry should be clearly dated. It’s likely that the first entry will
be a mind map or list of possible topics. Other entries might include:
¢ notes on background research conducted in the library. Include all the details
you will need for the bibliography of your report (see section 1.4.10)
e arecord of the people that you asked for advice (including your teacher), and
their suggestions
e diagrams of equipment, and other evidence that you have planned your
experiments carefully
e all of your ‘raw’ results, in table form where appropriate
e an outline of any problems encountered and how you solved them
e first drafts of your reports, including your thoughts about your conclusions

An online logbook

An exercise book can be used as a logbook, but there are several advantages in
maintaining your logbook online in the form of a blog or in a program such as
OneNote. If you choose to use a blog to record your investigation, there are many
sites that will allow you to set up a free blog. Your teacher might be able to provide
some suggestions.

resilience the ability to tolerate
feeling a little uncomfortable
sometimes

reflectiveness being self-aware,
open-minded and sometimes
standing back and looking at the
big picture

responsibility being able to
manage yourself and your
learning

resourcefulness taking
responsible risks and using a
range of appropriate learning
tools and strategies

logbook a complete record of
an investigation from the time a
search for a topic is started

blog a personal website or web
page where an individual can
upload documents, diagrams,
photos and short videos
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Once you set up a blog, every entry
you make will be dated automatically.
You can upload documents, diagrams,
photos and short videos. You can also
add links to other sites and invite
friends, family and teachers to post
comments about your progress.

FIGURE 1.23 A blog used as a logbook for a student research
investigation.
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Don’t use your logbook blog for
social networking.

e Do not include your address or
phone number.

e If your blog is on the internet
(rather than a school intranet):
« do not post any photos of

Comparing methods
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will identify where you go to
school

¢ do not include your full name, address, phone number or the name of your school in the blog; use only
your first name or a nickname

e use privacy settings or use a password to ensure that only trusted school friends, family and your
teacher have access to the blog.
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Resources

eWorkbook Setting up a logbook (ewbk-6543)

1.4.4 Finding a topic

Your investigation is much more likely to be of high quality if you choose a topic that you will enjoy working
on. These steps might help you choose a good topic.
1. Think about your interests and hobbies. They might give you some ideas about investigation topics.
2. Make a list of your ideas.
3. Brainstorm ideas with a partner or in a small group. You might find that exchanging ideas with others is
very helpful.
4. Find out what other students have investigated in the past. Although you will not want to cover exactly
the same topics, investigations performed by others might help you to think of other ideas.
5. Do a quick search in the library or at home for books or newspaper articles about topics that interest you.
Search the internet. You might also find articles of interest in magazines or journals. You could use a table
(such as table 1.2) to organise your ideas.
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FIGURE 1.24 When designing a research question it helps to a. think about your interests, b. think about your
hobbies and c. brainstorm your ideas with others.

TABLE 1.2 A record of topic area and relevant resources

Name of book, magazine, website, etc. Chapter or article

From observations to ideas

Many ideas for scientific investigations start with a simple observation. Some well-known investigations and
inventions from the past started that way.

Even discoveries that were made by accident (such as the discovery of penicillin by Fleming) would not have
been made without observation skills.

Other important ‘ingredients’ in these discoveries are curiosity and the ability to ask questions and form ideas
that can be tested by experiment and further observation.

DISCUSSION

Write a list of things you are curious about (you may look around the room to help you) — this may be something
you observe around you or even something related to one of your hobbies. Discuss this with the class and see if
you can come up with a list of ideas for an investigation.

1.4.5 Formulating a question

Once you have decided on your topic, you need to determine exactly what you want to investigate. It is better
to start with a simple, very specific question than a complicated or broad question.

For example, the topic ‘basketball’ is very broad. Many simple questions could be asked about basketball that
you could use as a basis of an investigation.

e What size basketball bounces the highest?

e What angle should you throw the ball from the free throw line to shoot a goal?

e What surface of basketball court allows you to run the fastest?

Your question needs to be realistic and testable. In defining the question, you need to consider whether:
e you can obtain the background information that you need
e the equipment that you need is available
¢ the investigation can be completed in the time you have available
o the question is safe to investigate.
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In science, it is important that you continually revise and
refine your investigation question. You may find that your
question is too broad and doesn’t provide clear observations
or findings that allow you to draw conclusions. You may find
that your question cannot be answered through investigation
or observations that are available to you. You might even find
that when designing your investigation, you do not have the
time and resources to answer your investigation question. It is
important that as you formulate questions, you keep track of
the refinement and revision of this question. It is often helpful
to record a note to yourself about WHY you altered your
question of investigation.

FIGURE 1.25 What questions might
you ask about the topic of basketball?

1.4.6 Creating an aim and hypothesis using variables

What are variables?

In every investigation, there are different variables. Variables are observations or measurements that can change
during an experiment. You should only change one variable at a time in an experiment.

When determining your aim and hypothesis, you need to be able to identify your independent and dependent
variable.

The independent variable is the one which is deliberately manipulated by an investigator during an experiment
(what is being tested).

The dependent variable is the one that is measured or observed by the investigator during an experiment. It is a
variable that may change when the independent variable is changed.

For example, if you were performing an experiment to find out which brand of fertiliser was best for growing a
particular plant, the independent variable would be the brand of fertiliser. The dependent variable would be the
heights of the plants after a chosen number of days.

A third type of variable, known as controlled variables, are also important in designing investigations. These will
be explored in section 1.4.7.

Aim
Your investigation should have a clear and realistic aim. Your aim should be very

specific and related to your variables. The aim of an investigation is its purpose, or

the reason for domg 1t. independent variable a variable

that is deliberately changed
during an experiment
dependent variable a variable
that you measure that can be
influenced by changes to the

When writing an aim, you should always link together the dependent and independent
variables. Some examples of aims are as follows.
¢ To determine how the size of wheels affects the speed of a toy car

* To compare the effect of different fertilisers on the growth of pea plants independent variable
¢ To find out whether different coloured lights affect the growth of algae in an controlled variables the
aquarium conditions that must be kept the
¢ To determine which metal is the most reactive in hydrochloric acid same throughout an experiment
Hypothesis

A hypothesis is a statement that is a prediction for your investigation. Your hypothesis should relate to your
aim and should be testable with an experimental investigation.

The results of your investigation will either support (agree with) or not support (disagree with) the hypothesis.
A hypothesis cannot be proven correct, but rather have evidence that further supports the statement made.

28 Jacaranda Science Quest 10 Victorian Curriculum Second Edition



There are many ways to formulate a hypothesis. It is important that it is a statement and not a question.

One way to write a hypothesis is through the IF...THEN... format. Some examples of hypotheses (based on the
earlier aims) are:

¢ |F the wheels of a toy car are increased in size, THEN the speed of the car will increase
IF the fertiliser with the most nutrients is used, THEN the pea plants will grow at a faster rate
IF different lights are shone on algae in an aquarium, THEN algae under the red light will have the highest
growth rate
IF different metals are placed in hydrochloric acid, THEN group | metals will be the most reactive and
produce the most hydrogen gas

1.4.7 Designing an experiment

In order to complete a successful investigation, you need to make sure that your experiments are well designed.
Once you’ve decided exactly what you are going to investigate, you need to be aware of:

e which variables need to be controlled and which variables can be changed

e whether a control is necessary

e what observations and measurements you will make and what equipment you will need to make them

e the importance of repeating experiments (replication) to make your results more reliable

e how you will record and analyse your data.

A poorly designed investigation is likely to produce a conclusion that is not valid.

Controlling variables

When you are testing the effect of an independent variable on a dependent variable, all analyse examine methodically
other variables should be kept constant. Such variables are called controlled variables. i) T Glael o s 2 guesian
. .. . . or solve a problem

For example, in the fertiliser experiment, the type of plant, amount of water provided . .
. K . fair testing a method for
to each plant, soil type, amount of light, temperature and pot size are all controlled determining an answer to a

variables. The process of controlling variables is also known as fair testing. problem without favouring any
particular outcome

control an experimental set-up in
which the independent variable is
Some experiments require a control. A control is needed in the fertiliser experiment not applied

to ensure that the result is due to the fertilisers and not something else. The control in ~ Valid sound or true experiment
this experiment would be a pot of plants to which no fertiliser was added. All other that can be supported by other

. scientific investigations
variables would be the same as for the other three pots.

The need for a control

FIGURE 1.26 It is important that you include a control group that does not have the independent variable
applied to it.

Valid experiments

A valid experiment gathers data on what it actually set out to measure. If your aim was to find out whether
watering plants with sea water affects their growth rate, comparing the number of radish seeds that germinate
after one week when watered with tap water or sea water would not be a valid method because it does not
actually measure growth rate. It tests the effect of sea water on seed germination.
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Reliable experiments

Replication is the repeating of an experiment to make sure you have collected reliable data. In the case of the
fertiliser experiment, a more reliable result could be obtained by setting up multiple pots for each brand of or
having multiple seedlings in each pot. An average result for each brand or the control could then be calculated.

A reliable experiment provides consistent results when repeated, even if it is repeated on different days and
under slightly different conditions; for example, in a different room or with a different researcher collecting the
data. Replication increases the reliability of an experiment. This can involve simply doing the same experiment
a few times, or having different groups repeat the same experiment and pooling the data gathered by each
group when writing the report.

Resources

eWorkbook Variables and controls (ewbk-6545)
Video eLesson A good experiment? (eles-2630)

1.4.8 Getting approval

You should now be ready to write a plan for your investigation. You
should not commence any experiments until your plan has been
approved by your science teacher. You plan should include:
1. Title
The likely title — you may decide to change it before your
work is completed. Usually, your title is your research question.
The title should be in the form of a question; for example, How
does watering grass seeds with a detergent solution affect their
growth?
2. The problem
A statement of the question that you intend to answer. Include
a hypothesis. A hypothesis is an educated guess about the
outcome of your experiments. It is usually based on observations
and able to be tested by further observations or measurements.
3. Outline of your experiment
Outline how you intend to go about answering the question. This should briefly
outline the experiments that you intend to conduct. o _
. replication repeating of an
4. Equipment experiment to make sure you have
List here any equipment that you think will be needed for your experiments. collected reliable data
5. Resources reliable data consistent data that
List here the sources of information that you have already used and those that you S achieved when an investigation
. .. . . . is replicated
intend to use. This list should include library resources, organisations and people.

FIGURE 1.27 Write out a plan for
your investigation.

WEED SamE DETERGENT,
GRASS SEEDS, A

Safety

When getting approval from your teacher, it is important to show
that you have considered safety (and ethics, which was covered
earlier in the topic).

FIGURE 1.28 Safety equipment is
vital in various experiments.

Some general safety precautions that will help to ensure you and
others are not harmed include:
e Wearing protective clothing. This might include laboratory coat,
safety glasses and gloves.
e Being aware of the position of safety equipment, such as fire
blanket, fire extinguisher, safety shower and eye wash.
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e Reading labels carefully to confirm contents and concentration of chemicals or pathogenic agents.
e Correct disposal of equipment and chemicals, including damaged equipment (i.e. broken glassware) and

cleaning and packing up of equipment.

¢ Conducting an investigation as outlined in your approved plan. Don’t vary your plan without approval

from your teacher.

Often, hazards are addressed through a risk assessment, which allows for the identification of hazardous
chemicals and equipment, the risks involved and what procedures need to be followed to work safely with
these. You may be asked to create a risk assessment by your teacher as part of the submission of your plan.

1.4.9 Conducting investigations and gathering data

Once your plan has been approved by your teacher, you
may begin your experiments.

Details of how you conducted your experiments should
be recorded in your logbook. All observations and
measurements should be recorded. Use tables where
possible to record your data.

Where appropriate, measurements should be repeated and
an average value determined. All measurements — not
just the averages — should be recorded in your logbook.

Photographs should be taken if appropriate.

You might need to change your experiments if you get
results you don’t expect. Any major changes should be
checked with your teacher.

Precision and accuracy

FIGURE 1.29 All observations and
measurements should be recorded.

As you plan and carry out your investigation you need to ensure that the data you
collect is precise and accurate. Choosing the most appropriate instruments to make

your measurements is important.

e Precision refers to how close multiple measurements of the same investigation

are to each other.

e Accuracy refers to how close an experimental measurement is to a known

value.

If an archer is precise, their arrows hit close to one another. If an archer is accurate,

their arrows hit close to the target.

FIGURE 1.30 Comparing accuracy and precision

Accurate but
not precise

Not accurate
not precise

Not accurate but
precise

risk assessment a procedure
that identifies the potential
hazards of an experiment and
gives protective measures to
minimise the risk

precise multiple measurements
of the same investigation being
close to each other

accurate an experimental
measurement that is close to a
known value

Accurate and
precise
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Choosing equipment for precision

Choosing the correct piece of equipment is critical to ensure that your results are precise. Your bathroom scales
and the electronic scales in a science laboratory both measure mass, but the laboratory scales are more precise.
Your school might have different sets of scales that measure to one or two decimal places. Scales that measure
to two decimal places are more precise. High precision scales are needed for some of the senior chemistry

experiments.

For measuring instruments with a scale, such as thermometers,
rulers and measuring cylinders, the graduations (lines) on the scale
give an indication of the precision of the instrument. Generally, an
instrument with smaller gradations is more precise.

When liquids are placed in a vessel, the surface of the liquid is
often curved (as shown in figure 1.31). This curved surface of a
column of liquid is called a meniscus. Measurements must be
recorded from the bottom of this meniscus.

Ensuring equipment is accurate

Measurements can be very precise, but incorrect. Every so often
current affairs TV programs bring attention to service stations that
overcharge customers for petrol by having faulty petrol pumps
that give inaccurate readings of the amount of petrol delivered by
the pump. For each litre of petrol pumped, the machine might give
a reading of 1.1 L and the customer is charged accordingly. The
machine is quite precise, but not accurate.

Some measuring instruments require calibration to ensure that
they provide accurate measurements. The calibration might be
part of the manufacturing process, or it may need to be carried
out by the user regularly. A pH meter is a device that needs to be
calibrated regularly. pH is a measure of the acidity of a substance.
You can measure pH with a universal indicator.

For a more precise reading a pH meter can be used. It is a device
that is placed in the solution and it gives a reading of the pH to
one or two decimal places. Over time it can lose its calibration

FIGURE 1.31 You always should
measuring liquids from the base of the
meniscus

’ i

FIGURE 1.32 A pH meter needs to be
calibrated regularly to ensure it gives
accurate readings.

and give inaccurate readings. A reading of 6.25 might be displayed when the solution actually has a pH of
5.38. To calibrate the pH meter you place it in solutions of known pH and adjust the device until it reads the
correct values for these solutions. You can then use the meter to measure the pH of a solution with an unknown

concentration.

1.4.10 Graphing variables

Many different types of data can be collected in scientific experiments. Data is often presented in tables or as graphs.

Tables

Tables can be used to record data to help separate and organise your information. All

tables should:
e have a heading

o display the data clearly, with the independent variable in the first column and the

dependent variable in later columns

e include units in the column headings and not with every data point

e be designed to be easy to read.
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TABLE 1.3 The effect of different brands of fertilisers on the height of seedlings.

Height of seedling (cm)

2 3 5 6 9

Fertiliser

Brand X

Brand Y 3 5 7 9 11

Brand Z 1 2 3 5 7

Control 0 0.6 1.8 25 4
Graphs

Graphs can help you see patterns and trends in your data. Once your data is recorded in a table, you need to
work out the best graph to choose. This is often affected by the type of data you have (is your data qualitative
or quantitative).

If you use a graph to show your results, you would normally graph the independent variable (the one you
changed) on the x-axis, and the dependent variable (the one you measured) on the y-axis. When the dependent
variable changes with time, you can graph time on the x-axis and the dependent variable on the y-axis. For
example, in the fertiliser experiment, two types of graphs could be used, a line graph or a column graph

(bar chart).

FIGURE 1.33 Some examples of graphs used in a fertiliser experiment

Plant growth in different brands of
fertiliser over a ten-day period

Plant growth in different brands
of fertiliser over a ten-day period
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Different types of graphs are appropriate in different circumstances.

e Scatterplots require both sets of data to be numerical. Each dot represents one observation. A scatterplot
can easily show trends between data sets, and correlations can be seen. A line of best fit may be added to
show the overall trend in the data.

e Bar/column graphs can be used when one piece of data is qualitative and the other is quantitative. The
bars are separated from each other. The horizontal axis has no scale because it simply shows categories.
The vertical axis has a scale showing the units of measurement.

e Histograms are a special kind of bar graph that show continuous categories, and are often used when
examining frequency. The bars are not separated.

e Pie charts and divided bar charts are used to show frequencies or portions of a whole. This includes
percentages or fractions.
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Resources

eWorkbook Organising and evaluating results (ewbk-6547)

Interactivity  Pie graphs (int-4061)

1.4.11 Writing your report

You can begin writing your report as soon as you have planned your investigation, but it cannot be completed
until your observations are complete. Your report should be typed or neatly written on A4 paper and presented
in a folder. It should begin with a table of contents, and the pages should be numbered. Your report should
include the following headings (unless they are inappropriate for your investigation).

Scientific report structure

Abstract

The abstract provides the reader with a brief summary of your whole investigation. Even though this appears at
the beginning of your report, it is best not to write it until after you have completed the rest of your report.

Introduction

Present all relevant background information. Include a statement of the problem that you are investigating, saying
why it is relevant or important. You could also explain why you became interested in the topic.

Aim
State the purpose of your investigation; that is, what you are trying to find out. Include the hypothesis.

Materials and methods

Describe in detail how you did your experiments. Begin with a list or description of equipment that you used.
You could also include photographs of your equipment if appropriate. The method description must be
detailed enough to allow somebody else to repeat your experiments. It should also convince the reader that
your investigation is well controlled. Labelled diagrams can be used to make your description clear. Using a
step-by-step outline makes your method easier to follow.

Results

Observations and measurements (often referred to as data) are presented here. Data should, wherever possible,
be presented in table form for ease of reading. Graphs can be used to help you and the reader interpret data.
Each table and graph should have a title. Make sure you use the most appropriate type of graph for your data.

Your results should allow for trends and patterns to be seen, and for any outliers (unusual results) to be observed.

When showing your results, you should consider the mean (average), median (middle values) and range to help
best show your data, and which type of data will best reflect your findings.

Discussion

Discuss your results here. Begin with a statement of what your results indicate about the answer to your
question. Explain how your results might be useful. Any weaknesses in your design or difficulties in measuring
could be outlined here. Explain how you could have improved your experiments. What further experiments are
suggested by your results?

You should also outline how error has affected your results. Errors may include:

* Human error — mistakes made by individuals. These may be a major miscalculation in your results or
a significant misreading or misinterpretation of results (for example, the indicator turned green and you
accidentally note down it was red). Human errors impact the reliability of your data, as it is very difficult for
similar results to be obtained by other individuals if you made a mistake and drew incorrect conclusions based
off this.

e Systematic error — errors that affect accuracy (how close a measurement is to the actual value). This is
often due to equipment error; for example, a 30 cm ruler is actually only 29 cm, so all measurements are
wrong using this ruler.
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e Random error — chance errors that may occur that affect how close results are to each other (precision).
These are often mitigated by repeating investigations and taking an average. These are normal errors that
occur; for example, slight differences in reaction time when recording the time taken for a reaction to occur.
Parallax errors are random errors caused by reading scales from a different angle or position.

As well as the above , you should also address any uncertainties in the data that you obtain, and factors that may
influence the accuracy and precision of your data and findings.

In your discussion, you may also link your information to similar findings or other scientific reports. In using
secondary data, you should ensure that this is valid, and from a source that is reliable, such as in peer-reviewed
scientific journals.

You may use this secondary scientific evidence alongside your primary data that you gathered to help support
your findings. Remember, there may be multiple explanations for your data, so secondary sources can assist you
in formulating conclusions.

Conclusion

This is a brief statement of what you found out. It is a good idea to read your aim again before you write your
conclusion. Your conclusion should also state whether your hypothesis was supported. You should not be
disappointed if it is not supported. In fact, some scientists deliberately set out to reject hypotheses!

Bibliography
Make a list of books, other printed or audio-visual material and websites to which you have referred. The list

should include enough detail to allow the source of information to be easily found by the reader. Arrange the
sources in alphabetical order.

The way a resource is listed depends on whether it is a book, magazine (or journal) or website. For each resource,
list the following information in the order shown:

e author(s), if known (book, magazine or website)

e title of book or article, or name of website

e volume number or issue (magazine)

e URL (website) and the date you accessed the web page

e publisher (book or magazine), if not in title

e place of publication, if given (book)

e year of publication (book, magazine or website)

e chapter or pages used (book).

Some examples of different sources are listed below:
e Taylor, N, Stubbs A., Stokes, R. (2020) Jacaranda Chemistry 2 VCE Units 3 & 4. 2nd edition. Milton: John
Wiley & Sons.
e Gregg, J, (2014), ‘How Smart are Dolphins?’ Focus Science and Technology, Issue 264, February 2014, BBC,
pages 52-57
e Australian Marine Wildlife Research & Rescue Organisation, http://www.amwrro.org.au, 2014.

Acknowledgements

List the people and organisations who gave you help or advice. You should state how each person or
organisation assisted you.

human error mistakes made

Resources by the person performing the
investigation
eWorkbook  Components of a practical report (ewbk-6549) systematic error an error (often
due to equipment) that affects the
assessm Additional automatically marked question sets accuracy of results

random error an error that
affects the precision of results
parallax error the effect where
the position or direction of an
object appears to differ when
viewed from a different position
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1.4 Exercise learn

To answer questions online and to receive immediate feedback and sample responses for every question, go to
your learnON title at www.jacplus.com.au.

Select your pathway

LEVEL 1 LEVEL 2 LEVEL 3
Questions Questions Questions
1,3,5,9 2,4,6, 11 7,8,10

Remember and understand

. Construct a flowchart to show the steps that you need to take before beginning your experiments.

. What is the advantage of repeating an experiment several times?

. Describe the difference between an independent and a dependent variable. Provide an example of each.
. Outline an example of the use of a control in an experiment.

. In which section of your report do you describe possible improvements to your experiments?

AP WODN

Apply and analyse

6. For each problem described, identify the independent and dependent variable and three other variables that
would need to be controlled.
a. Josie wanted to find out whether adding salt to a pot of water causes it to boil faster.
b. Charlotte would like to investigate if plants watered with pure water grow faster than those watered with
lemonade.
c. Jayden is testing the hypothesis that wearing a swimming cap makes you swim faster.
d. Shinji is testing the myth that classical music played to a baby in the womb results in them having a
higher 1Q.
e. Nikita has heard that most people shrink slightly (in height) throughout the day and stretch out at night.
She would like to know whether this is true.
7. Discuss the advantages and disadvantages of using a blog as a logbook for your investigation.
8. Why is it better to write the abstract of a scientific report last, even though it appears at the beginning?
9. Describe why it is important to write a risk assessment before you conduct an investigation.

Evaluate and create

10. You wish to conduct a practical investigation to determine how fast 100 mL water takes to boil in different
sized containers.
a. Write a research question for this topic.
b. Write an aim and hypothesis for this investigation.
c. Summarise the materials you would use in this investigation.
d. Write a method summarising how you will explore this topic.
11. A student explored the growth of a plant when watered with different solutions and obtained the following
results.
Show this information in a graph and analyse the data obtained.

TABLE The effect of watering plants with different types of solutions on plant growth

Growth of plant (cm)

Watering solution Day 1 Day 2 Day 3
Water 21 5.4 71
Lemonade 3.2 6.7 9.4
Soda water 25 5.9 8.2

Fully worked solutions and sample responses are available on your digital formats.
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1.5 SkillBuilder — Controlled, dependent and
independent variables

only
Why do we need to manage variables in an investigation?

In an investigation, it is important to only change one of the variables at a time and then observe what that
change brings about in the other variables.

Select your learnON format to access:
« an overview of the skill and its application in science (Tell me)
* avideo and a step-by-step process to explain the skill (Show me)
» an activity and interactivity for you to practise the skill (Let me do it)
» questions to consolidate your understanding of the skill.

Resources

Video eLesson Controlled, dependent and independent variables (eles-4156)
Interactivity Controlled, dependent and independent variables (int-8090)

eWorkbook SkillBuilder — Controlled, dependent and independent variables (ewbk-4630)

1.6 SkillBuilder — Writing an aim and forming
a hypothesis

only
Why do we need to write aims and form hypotheses?

In science, we conduct investigations to draw conclusions and gather data and results. Every investigation
requires an aim — a short statement of what we are trying to achieve. Alongside an aim, the ability to formulate
predictions is important in science. This is performed through the use of a hypothesis. Being able to write aims
and hypotheses are vital skills for any scientist.

Select your learnON format to access:
» an overview of the skill and its application in science (Tell me)
» avideo and a step-by-step process to explain the skill (Show me)
» an activity and interactivity for you to practise the skill (Let me do it)
» questions to consolidate your understanding of the skill.

Resources

Video eLesson Writing an aim and forming a hypothesis (eles-4155)

Interactivity Writing an aim and forming a hypothesis (int-8089)
eWorkbook SkillBuilder — Writing an aim and forming a hypothesis (ewbk-4626)
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1.7 SkillBuilder — Measuring and reading scales

only

When conducting experiments, it is critical that measurements and data are recorded accurately. Whether
measuring volume or temperature, or interpreting alternate scales, it is important that they are recorded accurately.

In science, a scale or set of numbered markings generally accompanies each measuring device. For example,
your ruler measures length, and its scale has markings enabling you to measure with an accuracy of 0.1 cm.
When reading a scale, it is important to determine what each of the markings on the scale represents.

A small measuring cylinder can provide a reasonably precise measurement of a volume of water but, if it is not
read at eye level, the measurement may not be accurate. Measurements should always be made with your eye in
line with the reading you are taking. When scales are read from a different angle, the reading is not accurate. This
type of reading error is called parallax error.

Select your learnON format to access:
an overview of the skill and its application in science (Tell me)
a video and a step-by-step process to explain the skill (Show me)
an activity and interactivity for you to practise the skill (Let me do it)
questions to consolidate your understanding of the skill.

Resources

Video eLesson Measuring and reading scales (eles-4153)
Interactivity SkillBuilder — Measuring and reading scales (int-0201)

eWorkbook SkillBuilder — Measuring and reading scales (ewbk-4620)

1.8 SkillBuilder — Creating a simple column or
bar graph

only

Column graphs show information or data in columns. In a bar graph, the bars are drawn horizontally and in
column graphs, they are drawn vertically. They can be hand drawn or constructed using computer spreadsheets.

Select your learnON format to access:
an overview of the skill and its application in science (Tell me)
a video and a step-by-step process to explain the skill (Show me)
an activity and interactivity for you to practise the skill (Let me do it)
questions to consolidate your understanding of the skill.

Resources

Video eLesson Creating a simple column or bar graph (eles-1639)

Interactivity SkillBuilder — Creating a simple column graph (int-3135)

eWorkbook SkillBuilder — Creating a simple column or bar graph (ewbk-4636)
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1.9 SkillBuilder — Drawing a line graph

only

A line graph displays information as a series of points on a graph that are joined to form a line. Line graphs are
very useful to show change over time. They can show a single set of data, or they can show multiple sets, which
enables us to compare similarities and differences between two sets of data at a glance.

Select your learnON format to access:
an overview of the skill and its application in science (Tell me)
a video and a step-by-step process to explain the skill (Show me)
an activity and interactivity for you to practise the skill (Let me do it)
questions to consolidate your understanding of the skill.

Resources

Video eLesson Drawing a line graph (eles-1635)
Interactivity SkillBuilder — Drawing a line graph (int-3131)

eWorkbook SkillBuilder — Drawing a line graph (ewbk-4638)

1.10 Sample scientific investigation

LEARNING INTENTION

At the end of this subtopic you will be able to design your own investigation using a sample investigation as an
example.

1.10.1 Investigating muddy water

Sean, a Year 10 student, conducted an experimental investigation to compare the turbidity (cloudiness) of water
in the following three locations:

e a creek near his school

e a creek near his home

e ariver near his home.

His search for information in the library revealed that the cloudiness was caused by particles of soil
(and sometimes pollution) suspended in the water. Sean chose his topic because he was interested in
the environment. He felt that clean water was the right of all living things. His research and background
knowledge led him to form the hypothesis that ‘the clearest water will be in the river’.

Sean took water samples from each of the three locations on four days. He found a method of measuring
turbidity from a library book. It involved adding a chemical called potash alum to a sample of water in a jar.
The potash alum makes the particles of suspended soil clump together and fall to the bottom of the jar. A layer
of mud is formed. The height of the mud at the bottom is then measured.

A summary of Sean’s method, including a list of materials and equipment required, is shown. You will notice
that Sean used a fourth sample. It was needed as a control and contained distilled water. This was to ensure
that there was nothing in the pure water to cause a layer at the bottom of the jar when the potash alum was
added. His results are in table 1.4.
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SEAN’S INVESTIGATION

Materials

e 4 large jars or bottles with lids for collecting water samples (capacity of about 1 L each)
e 4 identical jam jars with lids, labelled 1, 2, 3 and 4

* metal teaspoon (not plastic, in case it breaks)

potash alum (potassium aluminium sulfate)

e 4 water samples from different locations

e ruler with 1-millimetre graduations

e 100 mL measuring cylinder

e permanent marker

Method

1. Water samples (about 1 litre each) were collected from a specific part of the creeks and river on the same day.

2. Each of three clean jars was filled to the same level with the water samples — a labelled jar for each location.
A fourth labelled jar was filled to the same level with distilled water.

. One level teaspoon of potash alum was added to each jar. Lids were put on the jars and the jars were shaken.

. The jars were left for 30 minutes to allow the particles to settle.

. The height of the layer of mud on the bottom of each jar was measured and recorded.

. The jars were emptied and washed and the experiment was repeated three more times.

Water samples were collected from the same locations on three other days over a ten-day period and the

entire experiment was repeated three more times.

N oA ®

TABLE 1.4 Results table measuring the levels of mud in water samples from three different areas

Height of mud (mm)

T.Home |50l 0l50 42
creek
2. School

25(20(20| 22 |30[25|25| 27 |20/25|25| 23 |20|20/25| 22
creek
g'i\i"r‘mes 10(05/00| 05 |20/10/15| 15 |05/10/05| 07 |05/05|05 05
aa't);‘:'t'"ed 00[/00/00| 00 |00|00/00| 00 |00|00/00| 00 |00|00/00| 00

1.10.2 Analysing the data

Sometimes it is necessary to refine the raw data (the data initially collected), presenting them in a different
way. Sean was planning to use his average measurements to make a column graph. He decided to simplify his
table so that it was easier to construct the column graph. The simplified table (shown in table 1.5) and column
graph (shown in figure 1.34) make it easier for others to read the results, and easier for Sean to see patterns
and draw conclusions.

TABLE 1.5 Average heights of mud in water from three different areas

Average height of mud (mm)

Water sample

1. Home creek 4.2 4.8 4.3 4.5
2. School creek 2.2 2.7 2.3 2.2
3. Barnes River 0.5 1.5 0.7 0.5
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FIGURE 1.34 Sean’s graph makes it easier to see patterns and draw conclusions.

Height of mud after four days

== Home creek
mm School creek
== River

Height of mud (mm)

Day 1 Day 2 Day 3 Day 4
Number of days

1.10.3 Being critical

Sean was pleased with his results and was able to draw conclusions. In the discussion section of his report,

he suggested that further studies be done. The turbidity was affected by weather conditions and the sampling
needed to be done over a longer period, and in different weather conditions. Sean had recorded weather details
on each day that he sampled water and was able to explain the very high mud level in the river on day 2.

It is almost always possible to suggest improvements to your experiments.

1.10.4 Drawing conclusions

Sean’s hypothesis, that the clearest water would be in the river, was supported. The conclusions he drew were
as follows:

1. The home creek has the muddiest water, FIGURE 1.35 Chemical waste running into a river. How

with sample values ranging from heights might you test for such materials in a water sample from
of 4.2 to 4.8 mm of mud per 200 mL of this site?

water. The school creek has moderate
amounts of mud compared to the other
two samples. Sample values ranged from
2.2 to 2.7 mm of mud per 200 mL of
water. The river water is the clearest, with
sample values of 0.5 to 1.5 mm of mud
per 200 mL of water.

2. Weather conditions can alter the amount of
mud in water bodies by either adding run-
off from drains or stirring up the water.
This was particularly noticeable in the
samples taken from the river site on day 2,
which followed a period of rain.

Resources

eWorkbooks Scientific investigation examples (ewbk-6561)
Drawing conclusions (ewbk-6563)

assessm Additional automatically marked question sets
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1.10 Exercise learn

To answer questions online and to receive immediate feedback and sample responses for every question, go to
your learnON title at www.jacplus.com.au.

Select your pathway

LEVEL 1 LEVEL 2 LEVEL 3
Questions Questions Questions
1,3 2,5 4,6

Remember and understand

1. For Sean’s experiment, identify the following.
a. The independent variable b. The dependent variable c. The variables he controlled

Apply and analyse

2. Explain why a sample of distilled water was included in Sean’s experiment.
3. Explain why Sean repeated the experiment three times on four separate days.
4. Explain why Sean used a column graph rather than another type of graph to present his results.

Evaluate and create

5. Suggest how Sean could improve the reliability and accuracy of his experiment.
6. In your opinion, is Sean’s conclusion valid? Justify your answer.

Fully worked solutions and sample responses are available on your digital formats.

1.11 Using secondary sources to draw conclusions

LEARNING INTENTION

At the end of this subtopic you will be able to explain the importance of secondary evidence and use evidence
that is valid and assists in drawing conclusions.

1.11.1 Ensuring validity in secondary sources

Part of science is being able investigate not just primary sources that you obtain in direct observation, but
also secondary sources. It is important that any secondary evidence you use is valid and provides appropriate
evidence to assist in drawing conclusions.

Secondary evidence that can assist you should have:

e a basis in facts derived from studies with high validity and minimal bias

e statistical evidence to support conclusions

e a clear distinction between correlation and causation — two variables may often have some correlation (they
both increase, for example), but have no causation (one variable does not cause the change in value in the other)

e data from investigations that have a reproducible and reliable method (for example, using a large sample
size and various control groups)

e peer-reviewed research formed from scientific ideas.

Using valid secondary evidence allows for the development of evidence-based arguments and for better
conclusions to be drawn.
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1.11.2 Is the evidence reliable?

When exploring secondary evidence, it is important

.. . FIGURE 1. i
to ensure that it is reliable. GU 36 Do you know the full story looking at a

headline?
Much of the information available to the public often
lacks reliability and can confuse individuals about the

key scientific ideas. curona“ir“s Iockdnwn

Many argue that we are currently in an age of

information overload. We are constantly being deaths riSe
bombarded with information from a variety of sources,

many of these associated with the media. Some of

° L
the information that you are exposed to may not be Senlors at l'lSk

accurate or the whole story. The information may be

biased in the selection, emphasis, word choice and cu"n"s: ml[" m“. '"l[ u"mnEAK E"ﬂ’

context used. It is important that when interpreting

information, you are aware of these possible biases.
Face mask shortage

You also need to be aware of your own biases!

In making sense of this new information, you .

need to focus on the ways in which you build your comnav" "s l’ﬂﬂﬂl Iﬂ" lﬂllS 20,“00 wom,wme
knowledge. How you — as a ‘learner’ at the centre of

your learning — use your senses (for example, sight,

hearing, smell, touch and taste) to perceive your

world, and emotion, reason and language to interpret what you sense.

Considering all types of science-related media is important, to help critically analyse the validity of
information and to evaluate conclusions.

Where can we get reliable information?

Government websites and those from educational institutions and established organisations are usually
reliable. When using other websites, it is a good idea to look for dates and research the authors to see if the
information is verifiable and current. You should try to use multiple sites to verify the data, and be cautious
of sites that can be altered by the public (such as Wikipedia or social media). Google Scholar can be a good
starting point to help find reliable sources of information.

DISCUSSION

Are websites that can be edited by the general public always unreliable? Discuss this and present your ideas to
the class.

It can be helpful to look at the domain name of a website (the letters towards the end of the URL). Remember
that a website address ending in ‘.au’' means that it is registered in Australia, but some non-governmental
Australian websites are registered in the United States and will not include the ‘.au'.

Peer-reviewed journals in science are also reliable sources of evidence, as the
articles have been reviewed for quality of research, experimental reproducibility,
accuracy and validity, and adhere to the required standards of a journal, ensuring

articles are not biased. biased inclined towards a
preference or prejudice

It is also important to ensure that sites or authors of content being researched do not peer-reviewed evaluated

have any conflict of interest. For example, if an article is talking about an incredible scientifically, academically, or

professionally worked by others

new medication and data on this, but the author or organisation are funded by the e 10 e S (el

drug manufacturer, a potential conflict of interest exists.
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TABLE 1.6 Examples of generic top-level domain hames

Domain name

contains Source

.gov.au Australian federal, state, territory and local government entities; cannot be edited by the general
public

.gov United States government entities; cannot be edited by the general public

.edu.au Limited to Australian educational institutions including schools and universities; cannot be

edited by the general public

.edu Largely limited to American higher educational institutions (universities and colleges; not
schools); cannot be edited by the general public

.org Intended for use by not-for-profit organisations; some web pages can be edited by the public
(for example, Wikipedia.org)

.com.au Intended for commercial use, but now used within Australia across a range of sectors including
businesses, not-for-profits, schools, individual people

.com Intended for commercial use, but now used within the United States across a range of sectors
including businesses, not-for-profits, schools, individual people

.net Intended for networking technology organisations such as internet service providers, but now
used across a range of sectors including businesses, not-for-profits, schools, individual people

Resources
eWorkbooks Evaluating media reports (ewbk-6565)

Summarising secondary sources (ewbk-6567)
assessm Additional automatically marked question sets

1.11 Exercise learn

To answer questions online and to receive immediate feedback and sample responses for every question, go to
your learnON title at www.jacplus.com.au.

Select your pathway

LEVEL 1 LEVEL 2 LEVEL 3
Questions Questions Questions
1,3 2,4 5,6

Remember and understand

1. Explain the difference between a secondary and a primary source.
2. Outline three factors that are seen in reliable sources of secondary evidence.

Apply and analyse

3. Describe how you may be able to use editable websites such as Wikipedia to find reliable sources of
information.

4. Explain why you might also use secondary evidence in a scientific report if you have already gathered
primary evidence.

5. Explain the link between bias and conflict of interest.
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Evaluate and create

6. A student has used the following sources of information for their secondary evidence to support findings they
made in an investigation:
e three peer-reviewed journals
e an article by the Department of Health on the Australian government website
e a Twitter post by a well-known immunologist
e two articles from the Herald Sun site (heraldsun.com.au) or similar.
Evaluate each of the sources of secondary evidence, summarising assumptions that can be made about their
reliability and validity.

Fully worked solutions and sample responses are available on your digital formats.

1.12 Using spreadsheets

LEARNING INTENTION

At the end of this subtopic you will be able to use a spreadsheet to record, graph and analyse data.

1.12.1 The advantages of spreadsheets
A spreadsheet is a computer program that can be used to organise data into columns and rows.

Once the data are entered, mathematical calculations, such as adding, multiplying and averaging, can be carried
out easily using the spreadsheet functions.

Spreadsheets have many advantages over handwritten or word-processed results. For example, with
spreadsheets you can:

e make calculations quickly and accurately

e change data or fix mistakes without redoing the whole spreadsheet

e use the spreadsheet’s charting function to present your results in graphic form.

1.12.2 Elements of a spreadsheet

Although there are a number of spreadsheet programs available, they all have the same basic features and
layout, as shown in example 1. The data shown are from a student research project about the different factors
on the growth of bean plants.

1.12.3 Entering data into cells

You can enter different types of data into a cell:
e a number or value
¢ a label; that is, text (for titles and headings)
e a formula (an instruction to make a calculation).

Decide in which cell you want to insert the data (the active cell). Type the data in the cell and press ‘Enter’. To
edit or change the data, simply highlight the cell and type in the new data — it will replace the old data when
you press ‘Enter’.
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ELEMENTS OF A SPREADSHEET: Example 1

e At the top of the spreadsheet are the toolbar and formula bar.

e A row is identified by a number; for example, ‘row 1’ or ‘row 2’.

¢ A column is identified by a letter; for example, ‘column A’ or ‘column B’.

e A cell is identified by its column and row address. For example, ‘cell G3’ refers to the cell formed by the
intersection of column G with row 3. In this example, cell G3 is the active cell (shown by its heavy border).
The active cell address and its contents (once data are entered) are shown to the left of the formula bar.

e Arange is a block of cells. For example, ‘range C3:F4’ includes all the cells in columns C through to F and
rows 3 through to 4.

FIGURE 1.37 Key components in an Excel spreadsheet

Formula bar Toolbar

Ii; dHe T lw Bookl iz = Miciosoft Exce
P i 1 Fa Froen Wi Dl aped Ada-1r Arabat
o Calipn - P =i wiap Test General
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Active - =
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A B c D E F G <—— Column

1 HEIGHT OF SEEDLINGS (cm) letters
2 DAY seedlingl seedling2 seedling3 seedlingd4 seediing5 correctaw
3 1 0 0 0 0 %[E— Active
4 2 0.5 0 0 0 0.4 o8  cel
5 3 0.7 0 0.3 ) 0.9 0.38
B 4 1 0.1 0.5 0.3 1.2 0.62
7 5 0.4 0.9 0.8 0.7 1.9 0.96
L Row numbers

1.12.4 Creating formulae

To create a formula, you need to start with a special character or symbol to indicate that you are keying

in a formula rather than a label or value. This is usually one of the symbols =, @ or +, depending on the
spreadsheet program. For example, a formula to add the contents of cell B1 to cell C1 would take one of the
following forms: =B1+C1 or @B1+C1 or +B1+Cl.

Once you have entered the formula in a cell, the result of the calculation, rather than the formula, will be
shown. The formula can be seen in the status bar when the cell is active (see example 2). If you subsequently
needed to change the values in B1 or C1, the spreadsheet will automatically use the formula to recalculate and
show the new result.

The symbols used for mathematical operations in spreadsheets are:
+ for addition
— for subtraction
* for multiplication

/ for division.
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CREATING FORMULAE: Example 2

The spreadsheet in example 1 has been further developed. Formulae have now been entered to average the
heights of the seedlings.

FIGURE 1.38 Using an Excel sheet to calculate averages
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1.12.5 Using functions

Some common types of calculations are built into the spreadsheet, so that you don’t always need to type

out the full formulae. These are called functions. All functions have two parts: the name and a value (called
the argument) that the function will operate on. The value is normally placed in parentheses, (), and can be
written as a set of numbers or as a range (a block of cells). For example, a function to calculate the average of
the amounts entered in cells B1, B2, B3 and B4 would be written: =ZAVERAGE(B1:B4).

TABLE 1.7 Common spreadsheet functions

AVERAGE calculates the average of the argument values =AVERAGE(1,2,3,4)

COUNT counts the number of values in the argument =COUNT(A3:A6) 4
MAX returns the largest value in the argument =MAX(1,9,5) 9
MIN returns the smallest value in the argument =MIN(1,9,5) 1
MODE returns the most common value in the argument =MODE(1,1,5,5,1) 1
MEDIAN returns the median value of the argument values =MEDIAN(1, 2, 3, 5, 6) 3
ROUND rounds the argument to the number of decimal places specified | =ROUND(12.25,1) 12.3
SUM calculates the sum of the values in the argument =SUM(1,9,5) 15
MEDIAN returns the median (middle) value of the argument values =MEDIAN(1,2,3,4,5) 3

1.12.6 Copying cells

Spreadsheets have a command that allows you to copy a formula or value from one
cell to another cell (or into a range of cells). This is usually found in the Edit menu
in the Home tab (Fill Down or Fill Right).

functions common type of
calculation built into spreadsheets

argument value that a function in
a spreadsheet will operate on
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The way a formula is copied depends on whether the cell references use:
e relative referencing, which you use when you want the cell address in the formula to change according

to the relative location of the cell that you have copied it to. Example 2 in section 1.12.4 uses relative
referencing. The formula AVERAGE(BS5:F5) in the active cell G5 was copied downwards, so that there
was no need to type the formulae in the rest of the column. The formula in the next cell (G6) is therefore
AVERAGE(B6:F6) and so on.

e absolute referencing, which you use when you want a cell address in the formula to be constant, no

matter where it is copied to. Absolute referencing is denoted by the symbol $ placed in the cell address.
For example, $B$3 (see example 3).

COPYING CELLS: Example 3

FIGURE 1.39 Using absolute referencing in a spreadsheet
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1.12.7 Formatting cells

Investigate your spreadsheet program (most come with a tutorial) to learn how to use other useful features
such as:

adding and deleting rows or columns (useful if you have forgotten to include some calculations in your
planning or decide you don’t need some items)

changing column widths (to show the full cell contents when the data are longer than the default column
width) and changing row heights so that you can use larger font sizes for titles and headings

inserting horizontal or vertical lines to improve the presentation of your spreadsheet

changing cell formats to control how the data are to be displayed, such as using different fonts and
character styles (underlining, bold, italic).

You can also format numeric values in a variety of ways. For example, the Fixed or Number format will
display values to the number of specified decimal places. The Percent format will display values as a
percentage, to the number of specified decimal places.

Once you have keyed in your data and included any necessary calculations, print out your spreadsheet and save
it to a disk so that you can store the document and use it later.

relative referencing used in

1.12.8 Spreadsheet graphics a spreadsheet when the cell

address in the formula is changed

The three main types of graphs — pie, bar and line graphs — can usually be absolute referencing used in a

produced by a spreadsheet. It means that you can easily display your results
graphically, but you still need to decide which is the most appropriate type of graph

for
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spreadsheet when a cell address
in the formula remains constant,
no matter where it is copied to
your data.
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The first step in producing a spreadsheet graph is to select the block of the cells that contains the data to be
graphed. Use the spreadsheet’s charting function, which usually brings up a window where you can indicate
the type of graph, and add title and label details. When you are satisfied with the result, you can display and
print out your graph.

Resources

eWorkbook Calculating using a spreadsheet (ewbk-6571)
assessm Additional automatically marked question sets

1.12 Exercise learn

To answer questions online and to receive immediate feedback and sample responses for every question, go to
your learnON title at www.jacplus.com.au.

Select your pathway

LEVEL 1 LEVEL 2 LEVEL 3
Questions Questions Questions
1 2,3 4

Remember and understand

1. Look at the section of a spreadsheet provided and answer the following questions.
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5 3 0.7 0 0.3 0 ﬂ::g This is the active cell.
6 a4 1 0.1 0.5 0.3 1.2 0.62 |nheformulain the bar
. above is the formula
7 5 0.4 0.9 0.9 0.7 1.9 098 for this cell.

a. What does cell G3 contain?
b. Does cell E2 contain a value or a label?
c. If the formula in cell G4 is AVERAGE(B4:F4), what would the formula be in cells G5 and G6?

2. The following table ‘Time taken to evaporate different substances’ shows the results of an experiment that
tested the amount of time taken for eucalyptus oils and other substances (0.1 mL of each) to evaporate at a
constant temperature. The experiment was performed twice.

a. Enter the data into a spreadsheet.
b. Use the spreadsheet function to calculate the average time that each substance took to evaporate.

TOPIC 1 Investigating science 49



TABLE Time taken to evaporate different substances

Time (s)
Substance Trial 1 Trial 2
Methylated spirits 417 1.85
Turpentine 63.48 43.02
Water 54.42 57.05
Oil from E. rossi 195.92 191.23
Oil from E. nortonii 103.99 105.39

Apply and analyse

3. The following table shows the distance travelled by Jesse at 3-second intervals during a 100-metre sprint.
The data were recorded during the sprint by attaching a paper tape to Jesse’s waist. As he ran, the tape was
pulled through a timer that printed a dot every 3 seconds.

TABLE Distance and speed traveled in 3-second intervals

Time (s) Distance travelled in time interval (m) Average speed for time interval (m/s)
0 0
3 35
6 25
9 15
12 15
15 10

o

Enter the data into a spreadsheet. Calculate the average speed travelled in each 3-second interval by
applying a formula to the first cell in the column, and then copying it down. Remember that average speed
can be calculated by dividing the distance travelled by the time taken:
Speed = dis.tance
time
b. Calculate Jesse’s average speed over the total time.

Evaluate and create

4. The following data were collected by two car servicing centres in Canberra, at the request of a student. The
table shows the level of carbon monoxide and carbon dioxide emissions (as a percentage of total emissions)
from cars of various ages.

TABLE Carbon monoxide and carbon dioxide emissions of cars by year of manufacture

Year car manufactured | Carbon monoxide (%) | Carbon dioxide (%)
1977 3.17 11.8
1983 2.48 13.6
1985 3.70 11.4
1987 1.60 13.1
1989 1.08 10.2
1996 0.19 15.2

o

Enter the data into a spreadsheet and create a graph to display these results.
. Create formulae to work out the average carbon monoxide and carbon dioxide emissions for:

i. cars manufactured up to 1985

ii. cars manufactured from 1987 onwards.
Car manufacturers were required to install catalytic converters in cars made after 1986. Catalytic converters
cut down carbon monoxide emissions by converting some of the carbon monoxide to carbon dioxide. What
can you conclude from these data about the success of catalytic converters?

o

o

Fully worked solutions and sample responses are available in your digital formats.
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1.13 SkillBuilder — Using a spreadsheet

only

Spreadsheets, through programs such as Excel, provide very powerful ways to identify trends and patterns in
your data. They allow for data to be recorded in cells to format tables, and allow for the quick analysis of data
and creation of different types of graphs.

Select your learnON format to access:
an overview of the skill and its application in science (Tell me)
a video and a step-by-step process to explain the skill (Show me)
an activity and interactivity for you to practise the skill (Let me do it)
questions to consolidate your understanding of the skill.

Resources

Video eLesson Using a spreadsheet (eles-4230)
Interactivity Using a spreadsheet (int-8160)

eWorkbook SkillBuilder — Using a spreadsheet (ewbk-6573)

1.14 Using data loggers and databases

LEARNING INTENTION

At the end of this subtopic you will be able to use a data logger and create a simple database.

1.14.1 The data logger

A data logger is a device that stores a large number of pieces of information (data) sent to it by sensors
attached to it.

The data logger can transfer this data to another device, such as a graphing calculator or, more commonly,

a computer, which can use data logger software or a spreadsheet program to manipulate the data (see
subtopic 1.12). Usually the computer or calculator graphs the collected data, and we can use these graphs to
see patterns and trends easily.

When can a data logger be used?

Data loggers are particularly useful whenever an experiment requires several successive measurements.
Sometimes, these measurements will take place over several hours or days — such as when measuring
the way air pressure varies with the weather. Sometimes, many measurements must be taken over a short
time interval — such as when measuring changes in air pressure as sound waves pass by. Data loggers
are very flexible and can help scientists gather and analyse data for these types of experiments, as well as
many others.
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CASE STUDY: Using data loggers in endothermic and exothermic reactions

In an experiment, we investigate temperature
changes in chemical processes. In addition
to the laboratory equipment required for this
experiment, including safety glasses, we will
need a data logger with a temperature sensor
attached to it. The data logger will need to

be attached to a computer on which the data
logger software has been installed.

FIGURE 1.40 The equipment required for citric acid and
baking soda

Citric acid and baking soda

For this part of the experiment, we will need
baking soda, citric acid, a beaker, a foam cup,
other necessary laboratory equipment such

as safety glasses, as well as a data logger and
temperature sensor. We will use 30 mL of citric
acid and 10 g of baking soda. These items are
shown in figure 1.40. We set the run time to
200 seconds and the data collection rate to
once per second. We insert the temperature
sensor into the acid, press a button on the data
logger to start data collection and then add
the baking soda to the acid. The data logger
collects the data, which the computer software
automatically graphs after completion, as
shown in figure 1.41.

FIGURE 1.41 Graphed data from a data logger in the investigation
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elog-0743

INVESTIGATION 1.3

Exothermic and endothermic processes
Aim
To use a data logger to measure change in temperature and compare this to using a thermometer

Materials

e safety glasses

e 20 g baking soda (dissolved in 100 mL water)
e 60 mL citric acid

e thermometer

e 1 test tube

e test tube rack

¢ balance

e stirring rod

e temperature probe

e data logger

e |aptop
Method
1. Pour 10 mL of citric acid solution into a test tube in a test tube rack.
2. Place a thermometer in the water in the test tube and allow it to come to a constant temperature.
3. Record the temperature of the water.
4. Use a balance to weigh 3 g of baking soda; add it to the water in the test tube and stir gently.
5. Observe the temperature of the solution as the baking soda dissolves in the water. Record the final

temperature of this solution.
6. Repeat the above process using a data logger and temperature probe instead of the thermometer.

Results
Record your results for both your investigation with the thermometer and with the data logger.

Discussion

How did the results from the thermometer and results for the data logger compare?
. What variables did you need to keep constant?

. Outline any errors that may have occurred in your investigation.

. Describe three suggestions for improvement.

. Which method was more accurate? How do you know?

AN

Conclusion

Summarise your findings about using a data logger to measure change in temperature and compare this with a
thermometer.

1.14.2 Using databases

Databases are simply information or data arranged in one or more tables. We use databases every day; for
example, when we look up information in the index of a book.

An electronic database is a powerful computer application and is an important tool for a business, an
organisation or a scientist. A database’s design is crucial to its usefulness, so a database must be designed with
ease of searching uppermost in mind. Many programs can be used to create electronic databases, including
Microsoft Access.

Resources
Weblink How to use Microsoft Access

assessm Additional automatically marked question sets
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1.14 Exercise learn

To answer questions online and to receive immediate feedback and sample responses for every question, go to
your learnON title at www.jacplus.com.au.

Select your pathway

LEVEL 1 LEVEL 2 LEVEL 3
Questions Questions Questions
1,3 2,5 4,6

Remember and understand

1. Describe the purpose of a data logger.
2. List three examples where you could use a database in everyday life.
3. Outline two disadvantages of using a data logger.

Apply and analyse

4. Look at the graph shown in the figure 1.41 of the collected data produced by the computer for citric acid and
baking soda.
a. What was the temperature of the acid at the start of the experiment?
b. What was the lowest temperature that the solution of acetic acid and baking soda reached? How long after

first adding the baking soda did this occur?

c. Is dissolving baking soda in citric acid an exothermic or endothermic process? How do you know?

5. Sensors are the devices that take the measurements that the data logger collects. Outline scientific
investigations that could use data collected by sensors that measure:
a. electric current

b. acidity of solutions

c. concentration of carbon dioxide in the air

d. total dissolved solids (salt content)

e. light intensity.

Evaluate and create

6. a. List the advantages of using a data logger over taking the measurements manually.
b. Design an experiment in which using a data logger provides an advantage over manual data collection.

Fully worked solutions and sample responses are available in your digital formats.
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1.15 Review

Access your topic review eWorkbooks

Topic review Level 1 Topic review Level 2 Topic review Level 3
ewbk-6575 ewbk-6577 ewbk-6579

Resources

1.15.1 Summary
Thinking flexibly

It is important to think both critically (use information to guide decision-making) and flexibly (consider
different viewpoints) in science.

Some ways to analyse science include: inductionism (proven knowledge through first-hand data),
falsification (theories are educated guesses that cannot be proven beyond reasonable doubt) and through
paradigms (ways of thinking).

Both verbal and non-verbal parts of communication are important to convey meaning and attitudes.
Paralanguage is used to describe non-verbal parts of communication. This communication is about the
way something is said, including pitch, speed, inflections, facial expressions and gestures.

A theory is a well-supported explanation of a phenomena, based on investigations, research and
observations. In science, theories are often tested using the scientific method.

Science and ethics

In science, ethical considerations need to be balanced with goals, rights, needs and duties.
Ethics involve your moral values and interact with science in a variety of ways.
There are five main principles of ethics: integrity, justice, beneficence, non-maleficence and respect/autonomy.

Designing and conducting your own investigation

You should follow the scientific method when conducting an investigation.

After you select a topic, you should turn this into a research question, which is specific and able to be
investigated.

Variables are factors that an investigator can control, change or measure.

An independent variable is manipulated by the investigator.

A dependent variable is measured by the investigator and is influenced by the independent variable.

A controlled variable is one that is kept the same in an investigation across all trials — there are usually
numerous controlled variables in an experiment.

An aim is a one- to two-sentence outline of the purpose of the investigation, linking the dependent and
independent variables.

A hypothesis is a tentative, testable and falsifiable statement for an observed phenomenon and acts as a
prediction for the investigation.

Part of scientific method or process is designing an experiment, conducting the experiment and analysing
the results.

You should ensure that the data you collect is precise and accurate.

Graphs and tables are very important and display your results to see trends and patterns.

Using secondary sources to draw conclusions

It is vital to ensure that secondary data used is both reliable and valid.
Secondary data can help support the findings made in investigations and the primary data obtained.
When using secondary data, it should not be biased and should have no conflict of interest.
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Using spreadsheets, data loggers and databases

e Spreadsheets and databases can help organise your information.

e Spreadsheets contain many functions that can be used to extract information from data or perform
calculations automatically.

e Data loggers allow you to get more accurate information over time.

e Some data loggers are also able to plot the data they record to provide accurate graphs automatically.

e Databases are information or data arranged in one or more tables. Spreadsheets can be used to draw
conclusions about the data in a database.

1.15.2 Key terms

absolute referencing used in a spreadsheet when a cell address in the formula remains constant, no matter where it is copied to
accurate an experimental measurement that is close to a known value

analyse examine methodically and in detail to answer a question or solve a problem

argument value that a function in a spreadsheet will operate on

beliefs feelings or mental acceptance that things are true or real

biased inclined towards a preference or prejudice

blog a personal website or web page where an individual can upload documents, diagrams, photos and short videos
calibration the process whereby a measuring instrument is restored to accuracy

control an experimental set-up in which the independent variable is not applied

controlled variables the conditions that must be kept the same throughout an experiment

dependent variable a variable that you measure that can be influenced by changes to the independent variable
duty moral obligation or responsibility

ethics the system of moral principles on the basis of which people, communities and nations make decisions about what is
right or wrong

fair testing a method for determining an answer to a problem without favouring any particular outcome

falsification a credible hypothesis or theory should be able to be tested to be potentially disproved or contradicted by
evidence

functions common type of calculation built into spreadsheets

genetic modification the technique of modifying the genome of an organism

goal something that you want to achieve

human error mistakes made by the person performing the investigation

independent variable a variable that is deliberately changed during an experiment

inductionism a theory stating that with enough evidence, scientific theories can become universal laws
judgements opinions formed after considering available information

logbook a complete record of an investigation from the time a search for a topic is started

meniscus the curve seen at the top of a liquid in response to its container

need something that you require

opinions personal views or judgements about something

paradigms generally accepted perspectives, ideas or theories at a particular time

paralanguage non-verbal parts of communication; for example, the way something is said, rather than the words that are used
parallax error the effect where the position or direction of an object appears to differ when viewed from a different position
peer-reviewed evaluated scientifically, academically, or professionally worked by others working in the same field
placebo a medicine or procedure that has no therapeutic effect, used as a control in testing new drugs

precise multiple measurements of the same investigation being close to each other

proximate rules rules that govern the physical distance that is comfortable between people

random error an error that affects the precision of results

reflectiveness being self-aware, open-minded and sometimes standing back and looking at the big picture
relative referencing used in a spreadsheet when the cell address in the formula is changed

reliable data consistent data that is achieved when an investigation is replicated

replication repeating of an experiment to make sure you have collected reliable data

resilience the ability to tolerate feeling a little uncomfortable sometimes

resourcefulness taking responsible risks and using a range of appropriate learning tools and strategies
responsibility being able to manage yourself and your learning
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right something you feel that you are entitled to

risk assessment a procedure that identifies the potential hazards of an experiment and gives protective measures to minimise
the risk

scientific method a systematic approach to planning, undertaking research, and analysing data and observations
systematic error an error (often due to equipment) that affects the accuracy of results

theory a well-supported explanation of a phenomenon based on facts that have been obtained through investigations, research
and observations

valid sound or true experiment that can be supported by other scientific investigations
values a deep commitment to a particular issue and serve as standards for decision making

Resources
Digital document Key terms glossary (doc-35060)
eWorkbooks Study checklist (ewbk-6581)

Literacy builder (ewbk-6582)
Crossword (ewbk-6584)
Word search (ewbk-6586)

Practical investigation eLogbook Topic 1 Practical investigation eLogbook (elog-0737)

1.15 Exercise learn

To answer questions online and to receive immediate feedback and sample responses for every question, go to
your learnON title at www.jacplus.com.au.

Select your pathway

LEVEL 1 LEVEL 2 LEVEL 3
Questions Questions Questions
1,2,6, 13 3,4,8,9, 14 5,7,10,11,12

Remember and understand

1. Match the words in the following list with their meanings.

a. Conclusion A. Concerns that deal with what is morally right or wrong

b. Abstract B. The variable that is deliberately changed in an experiment

c. Discussion C. The part of a journal article where a brief overview of the article is given

d. Results D. A list of steps to follow in an experiment

e. Hypothesis E. The answer to the aim or the problem

f. Ethical considerations F. Alist of equipment needed for the experiment

g. Independent variable G. The variable that is measured in an experiment

h. Dependent variable H. States what was seen or measured during an experiment. May be presented
in the form of a table or graph.

i. Method I. A sensible guess to answer a problem

j- Apparatus J. The part of a report where problems with the experiment and suggestions for
improvements are discussed
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2. Describe the difference between an aim and a hypothesis in an investigation.

3. Explain and provide five examples of paralanguage.

4. List some of the factors affecting the decision about whether money is spent on finding a cure for a particular
disease.

Apply and analyse

5. Should farmers be allowed to plant the type of crop they believe produces the best yield, irrespective of
whether others object to the manner in which the crop was bred? Justify your response.

6. Should the labelling of genetically modified foods be compulsory? Explain your response.

7. Carefully observe the flowchart provided.

New discoveries

Observe

Consider Clarify

New New
theories technology

a. Do you think that this figure effectively summarises how we mix new information to rethink ideas and improve
our scientific knowledge?

b. Can you think of an example of how our scientific knowledge has developed in a way similar to that
suggested by the model?

c. Suggest how the model could be improved.

8. Research examples of drugs or tests that are known to encourage people to tell the truth.

a. Find out how they work.

b. Do you believe that you have the right not to be forced to tell the truth? Explain why.

c. Do you think that lie detector tests and truth serums or treatments should be used to force people to tell the
truth or test whether they are telling the truth? Justify your response.

Evaluate and create

9. Miranda wants to test the following hypothesis: Hot soapy water washes out tomato sauce stains better than
cold soapy water.
a. List the equipment she will need.
b. Identify the independent and dependent variables in this investigation.
c. List five variables that will need to be controlled.
d. Outline a method that could be used to test the hypothesis.
e. Miranda’s results are shown in the table. Write a conclusion based on Miranda’s results.

TABLE The effect of water temperature on stains during washing

Water temperature (°C) | Observations
20 Dark stain left after washing
40 Faint stain left after washing
60 No stain left after washing
80 No stain left after washing
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10. Gemina and Habib want to investigate whether the type of surface affects how high a ball bounces.
Habib thought the ball would probably bounce the highest off a concrete floor. They dropped tennis balls
from different heights onto a concrete floor, a wooden floor and carpet. Their results are shown in the

1.

following table.

TABLE The average height of a ball bouncing on different surfaces at different distances

Average height of bounce (cm)

Distance ball dropped (cm) Concrete Wood Carpet

25 22 14 8

50 46 34 18
75 70 50 26
100 94 66 34
125 X 85 4

150 128 94 48
175 129 Y 50
200 130 100 51

Write a hypothesis for this experiment.
Construct a line graph of Gemina and Habib’s results.
Use your graph to estimate the values X, Y and Z.

. Identify two trends in the results.
. Do the results support the hypothesis you wrote?

-0 Q20T

. Identify two variables that had to be kept constant in this experiment.

g. Predict how high the tennis ball would bounce off each floor if it was dropped from a height of 225 cm.

Charles Darwin’s theory of evolution sat unpublished for over ten

years before it was published as On the Origin of Species.

a. Research and outline why it took him such a long time to make
his ideas public.

b. Many caricatures of Charles Darwin have appeared over the

years. Suggest what the creator of the cartoon is suggesting. Do

you consider this accurate in terms of Darwin’s theory? Explain
your answer.

c. Outline the key ways in which the theory of evolution differed from

the accepted theological view of the time.

d. Identify the other scientist who is responsible for proposing the
theory of evolution. Suggest why he is not as well known as
Charles Darwin.

e. ldentify at least five other people involved in the development
and acceptance of the theory of evolution and state their key
contribution.

f. If a scientist were to propose a new theory about creation that
significantly differed from the currently accepted view, suggest
how this might be received by the scientific community and the
general public.

g. Suggest a possible alternative to the theory of evolution. Provide

reasons to support your theory.
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12. Use the issues mind map provided to help you
identify various perspectives on one of the
following issues. Ethical
e Watering of gardens should be illegal.

e Cars should be driven only when there are
at least four occupants.

e Scientists should be allowed to research Ecological Social/
whatever they want. community

e |f a vaccine for the dangerous variant of
H5N1 is synthesised, it should be given only
to children under 10 years of age.

Political Technological

Economic

13. Scientific ideas and theories can change over time. Does this mean that those previously accepted were
totally wrong? Discuss and justify your response.
14. Carefully read through each of the following statements. For each statement, decide whether you agree or
disagree and then justify your response.
e Scientific discoveries and understanding often rely on developments in technology and technological
advances.
¢ Financial backing from governments or commercial organisations determines the types of scientific
research and development that are carried out.
e Scientific understanding, models and theories are changed over time through a process of review by the
scientific community.
e The focus of scientific research can be influenced by the current values and needs of society.
e Advances in science and technologies can have a significant effect on people’s lives.
e Scientific knowledge should be used to evaluate whether you should accept claims, explanations or
predictions.

Fully worked solutions and sample responses are available in your digital formats.

Resources

eWorkbook Reflection (ewbk-3038)

teach

Test maker
Create customised assessments from our extensive range of questions, including teacher-quarantined questions.
Access the assignments section in learnON to begin creating and assigning assessments to students.
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RESOURCE SUMMARY

Resources

Below is a full list of rich resources available online for this topic. These resources are designed to bring ideas to life,
to promote deep and lasting learning and to support the different learning needs of each individual.

1.1 Overview

eWorkbooks

® Topic 1 eWorkbook (ewbk-6530)

® Student learning matrix (ewbk-6534)
® Starter activity (ewbk-6532)

Video eLesson
® Meet Professor Veena Sahajwalla (eles-1071)

Practical investigation eLogbook
® Topic 1 Practical investigation eLogbook (elog-0737)

1.2 Thinking flexibly

eWorkbook
® Thinking tools and the language of learning (ewbk-6537)

Video eLessons

® Dark matter labs (eles-2688)

® Theoretical physicists of the twentieth century (eles-2687)
® Australia’s top scientists (eles-1079)

® Hesperides science (eles-1078)

Practical investigation eLogbook
® |nvestigation 1.1: What are my beliefs and values?
(elog-0739)

1.3 Science and ethics

eWorkbooks
® Science and ethics (ewbk-6539)
e Difficult decisions (ewbk-6541)

Video eLesson
® Heliobacter pylori bacteria (eles-2691)

Practical investigation eLogbook
® |nvestigation 1.2: Where do | stand on ethical issues in
science? (elog-0741)

1.4 Designing and conducting your own
investigation

eWorkbooks

® Setting up a logbook (ewbk-6543)

® Variables and controls (ewbk-6545)

® Organising and evaluating results (ewbk-6547)
e Components of a practical report (ewbk-6549)

Video eLesson
® A good experiment? (eles-2630)

Interactivity
® Pie graphs (int-4061)

1.5 SkillBuilder — Controlled, dependent
and independent variables

eWorkbook
e SkillBuilder — Controlled, dependent and independent
variables (ewbk-4630)

Video eLesson
® Controlled, dependent and independent variables
(eles-4156)

Interactivity
e Controlled, dependent and independent variables
(int-8090)

1.6 SkillBuilder — Writing an aim and
forming a hypothesis

eWorkbook
e SkillBuilder — Writing an aim and forming a hypothesis
(ewbk-4626)

Video eLesson
® Writing an aim and forming a hypothesis (eles-4155)

Interactivity

® Writing an aim and forming a hypothesis (int-8089)

1.7 SkillBuilder — Measuring and reading
scales

eWorkbook
o SkillBuilder — Measuring and reading scales (ewbk-4620)

Video eLesson
® Measuring and reading scales (eles-4153)

Interactivity
e SkillBuilder — Measuring and reading scales (int-0201)

1.8 SkillBuilder — Creating a simple
column or bar graph

eWorkbook
e SkillBuilder — Creating a simple column or bar graph
(ewbk-4636)

Video eLesson
® Creating a simple column or bar graph (eles-1639)

Interactivity
® Skillbuilder — Creating a simple column graph (int-3135)

TOPIC 1 Investigating science 61



1.9 SkillBuilder — Drawing a line graph

eWorkbook
e SkillBuilder — Drawing a line graph (ewbk-4638)

Video eLesson
® Drawing a line graph (eles-1635)

Interactivity
e Skillbuilder — Drawing a line graph (int-3131)
1.10 Sample scientific investigation

eWorkbooks
e Scientific investigation examples (ewbk-6561)
® Drawing conclusions (ewbk-6563)

1.11 Using secondary sources to draw
conclusions

eWorkbooks
® Evaluating media reports (ewbk-6565)
® Summarising secondary sources (ewbk-6567)

1.12 Using spreadsheets

eWorkbook
® Calculating using a spreadsheet (ewbk-6571)

1.13 SkillBuilder — Using a spreadsheet

eWorkbook
e SkillBuilder — Using a spreadsheet (ewbk-6573)

Video eLesson
® Using a spreadsheet (eles-4230)

Interactivity
® Using a spreadsheet (int-8160)

1.14 Using data loggers and databases

Practical investigation eLogbook

® |nvestigation 1.3: Exothermic and endothermic processes

(elog-0743)

Weblink
® How to use Microsoft Access

1.15 Review

Digital document
e Key terms glossary (doc-35060)

eWorkbooks

Topic review Level 1 (ewbk-6575)
Topic review Level 2 (ewbk-6577)
Topic review Level 3 (ewbk-6579)
Study checklist (ewbk-6581)
Literacy builder (ewbk-6582)
Crossword (ewbk-6584)

Word search (ewbk-6586)
Reflection (ewbk-3038)

Practical investigation eLogbook
® Topic 1 Practical investigation eLogbook (elog-0737)

To access these online resources, log on to www.jacplus.com.au.
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SkillBuilder — Controlled, dependent and independent
variables

1.5.1 Tell me

What is the difference between controlled, dependent and independent variables?

In order to answer a question scientifically, a controlled investigation needs to be performed. In a controlled
investigation every variable except the one being tested is held constant, which stops the results being affected
by an uncontrolled factor. The variable that you are investigating is called the independent variable. The
variable that you are measuring is called the dependent variable.

What is the application of variables in science?

In many branches of science research, questions are being asked such as what is the best way of doing this,
how can this be done faster or more efficiently, how can we cure this disease? In order to answer complicated
questions, investigations must be carried out that are well thought out and planned so that the results can be
trusted and repeated.

When creating scientific questions, developing aims and formulating hypotheses, it is vital to know which
variables are which. Understanding variables ensures that a fair test is created and your questions, aims and
hypotheses are specific and targeted.

1.5.2 Show me

How do you identify and use controlled, dependent and independent variables?

Materials

e 2 thermometers or temperature probes

e 2 identical glasses or beakers

e ice-cube trays that make cube-shaped iceblocks

e ice-cube trays that make spherical-shaped iceblocks
1 L of water
e measuring cylinder

Method
Step 1

Determine which variable you are changing and testing in your investigation; this is the independent variable.
In this investigation, the aim is to investigate which iceblock’s shape is most successful at reducing the
temperature of the water.

Therefore, the independent variable is the shape of the iceblocks.

Step 2

Determine which variable you are measuring in your investigation. In this case it is the temperature of the water.

Step 3

Ensure a fair test is created by making sure all other variables are controlled. Consider all the factors that need to
be controlled: the amount of water, the volume of the iceblock, the initial temperature of the water, the number
of iceblocks and the time.

Step 4

Conduct the investigation.
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Determine the volume of water needed to fill the spherical ice-cube tray by filling it using the measuring
cylinder and recording the volume.

Using the measuring cylinder, fill the cube-shaped ice-cube tray with the same volume of water as used to fill

the spherical ice-cube tray. Freeze both trays overnight for the same amount of time.

Step 5

Fill each glass to half its volume with water using the measuring cylinder to ensure each glass has the same
volume in it. Add the thermometer or temperature probe to each glass. At the same time, add two spherical
iceblocks to one glass but ensure it does not overflow and add the same number of cube iceblocks to the other
glass ensuring that the water does not overflow.

Step 6
Measure and record the temperature in each glass until it stops falling and starts to rise. Repeat the experiment
using the remaining iceblocks.

Resources

eWorkbook SkillBuilder — Controlled, dependent and independent variables (ewbk-4630)

Interactivity Controlled, dependent and independent variables (int-8090)

1.5.3 Letmedoit

Complete the following activities to practise this skill.

1.5 ACTIVITIES

1. For the previous investigation:
a. identify the independent variable
b. identify the dependent variable
c. identify three controlled variables.

2. The investigation can be used to determine which iceblock cools a drink to the lowest temperature.
a. Describe how this could be done.

b. What is the dependent variable in this case?

3. To investigate various ways of keeping cut flowers alive, several different substances were added to the
water in three identical vases. The substances were 5 g of sugar, 5 g of salt and 5 g of vinegar. A fourth vase
was set up using only water with nothing added. A bunch of flowers was divided up so that there were the
same number of individual flowers in each of the four vases.

a. ldentify the independent variable.

b. ldentify the dependent variable.

c. Which two variables are controlled?

d. Why was one vase set up with only water in it?

Checklist

| have:
* identified the dependant variable
* identified the independent variable
e identified the controlled variables.
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SkillBuilder — Writing an aim and forming a hypothesis
1.6.1 Tell me

Why do we need to write aims and form hypotheses?

In science, we conduct investigations to gather data and results and draw conclusions. Every investigation
requires an aim — a short statement of what we are trying to achieve. Alongside an aim, the ability to
formulate predictions is important in science. This is done through the use of a hypothesis. Being able to write
aims and hypotheses are vital skills for any scientist.

What is the application of aims and hypotheses in science?

A hypothesis is an idea that is based on observation, which can be tested in an investigation by experiment or
data. Investigations can involve testing, field work, using models or simulations, finding and using information
for various sources and conducting surveys.

The aim is a question or a statement about the direction of the scientific investigation. It provides a purpose of
the investigation.

A hypothesis is an educated prediction of the outcome of an investigation, which can be supported or
unsupported through the results of an investigation.

1.6.2 Show me

How do we write aims and form hypotheses?

Materials

e an idea for an investigation that interests you such as finding out if the bushfood, warrigal greens
(scientific name: Tetragonia tetragonioides) grows best from seeds or from cuttings. Warrigal greens are
an indigenous crop to Australia and New Zealand; the leaves are a tasty alternative to spinach.

Method
Step 1

To write an aim, you need to first identify your independent and dependent variables. The independent variable
is what you are changing: Using seeds or cuttings from warrigal greens.

The dependent variable is what you are examining: The growth of warrigal greens.

Step 2

It often helps to write your idea as a scientific question; for example, how are warrigal greens best grown?

Step 3
Use this to develop your aim. An aim usually is in one of two formats:
a. to the independent variable on the dependent variable
b. to if the dependent variable is affected by the independent variable.

For this investigation, some example aims may be:
e to compare the difference between the use of seeds and cuttings on the growth of warrigal greens
e to observe if the growth of warrigal greens is affected by the use of seeds or cuttings during planting
e to determine whether warrigal green seeds or warrigal green cuttings result in the greatest amount of plant
growth.

Step 4

Refine your aim into a hypothesis, in this case written as an {f’ and ° then’ statement. This should again link
your variables. For example, if the same number of warrigal seeds and cuttings are planted and the two crops
compared after one month, then the cuttings will produce a greater weight of picked leaves.
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Step 5

Check that your hypothesis is able to be tested or backed up by data. In this case the two crops of leaves can
be weighed and compared.

m Resources

E‘Z eWorkbook  SkillBuilder — Writing an aim and forming a hypothesis (ewbk-4626)

‘* Interactivity Writing an aim and forming a hypothesis (int-8089)

1.6.3 Let medo it

Complete the following activities to practise this skill.

1.6 ACTIVITIES

1. Decide if the statements below are true or false.
a.
b.
C.
d.

2. A student was interested in investigating how to grow the
bushfood warrigal greens, using seeds, to produce a plentiful
crop in the shortest amount of time. The student observed
that some plant seeds germinate only when soaked in water
or exposed to smoke.

The aim of an investigation starts with an idea or problem.
The aim is written as an if- then statement.

The hypothesis is written as a question.

The hypothesis must be able to be tested by experiment
results or data.

a. Write an aim for the student’s investigation.
b. From your aim, write a hypothesis for an investigation.
c. Describe how your hypothesis could be tested.
3. a. Decide if each of the options below is written as an aim, a hypothesis or neither and then circle your
choice.
i. To determine how much rubbish is collected from my school in one day.
ii. If the different colours of new cars purchased this year were calculated, then the most popular colour
would be black.
ili. Chocolate is the most popular snack food at my school.
iv. If the temperature drops below five degrees Celsius for three days in a row then it will rain on the fourth
day.
v. To investigate how tall a wall mirror should be in order for me to see my full height (185 cm) from one
metre away.
b. For any of the options in part a, that is neither an aim nor a hypothesis, rewrite it as a possible hypothesis.
Checklist
| have:

® chosen an idea or problem that is not too general

* rewritten the idea as a question to form the aim

® developed my aim into a hypothesis in the form of an if- then statement

e checked to see if my hypothesis is able to be tested or backed up by data.
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SkillBuilder — Measuring and reading scales
1.7.1 Tell me

Why do we need to measure and read scales?

When conducting experiments, it is critical that measurements and data are recorded accurately. Whether
measuring volume or temperature, or interpreting alternate scales, it is important that they are recorded
accurately.

What is the application of measuring and reading scales in science?

In science applications, measuring and reading scales are used to observe and record many variables including
volumes of liquids or gas, mass, length and temperature. It is important that scales are used correctly to reduce
random errors and ensure that the data obtained is accurate, in order to obtain valid conclusions.

FIGURE 1 The temperatures measured by thermometers A and B are 32 °C and 24.2 °C, respectively.
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1.7.2 Show me
How do we measure and read scales?

Materials
e thermometer with a liquid column (alcohol or mercury)
e 250 mL measuring cylinder or burette

Method

Step 1

A thermometer with a liquid column should have markings on its scale. Find the top of the measuring column
and position your eye so that it is level with the top of the column. This will avoid any parallax errors in
reading the temperature. Read the number on the largest scale division below the top of the column.

Step 2

Read the number on the largest scale division above the top of the column and count how many scale divisions
there are between the lower and higher scale divisions. Divide the number of divisions into the temperature
difference between the upper and lower scale divisions. This will give you the amount each scale division is
worth. Count up from the lower scale division and read the correct temperature. If the column is in the middle
of two divisions, the reading will be half a scale division above the lower reading.
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Step 3

Liquids in containers such as measuring cylinders often have a curved surface at the top edge. The curve is
called a meniscus. The edges of the meniscus may curve up or down. Locate the middle flat section of the
meniscus and position your eye so it is level with it.

Step 4
Using the procedure in Step 2, read the volume of the middle flat section of the meniscus.

Resources

eWorkbook SkillBuilder — Measuring and reading scales (ewbk-4620)

Interactivity SkillBuilder — Measuring and reading scales (int-0201)

1.7.3 Let me do it

Complete the following activities to practise this skill.

1.7 ACTIVITIES

1. The diagram shows a portion of a thermometer measuring a temperature in degrees Celsius. Answer the
questions that follow.

a. i. Write the value of the lower scale marker.
ii. Write the value of the higher scale marker.
iii. Calculate the value of each scale division.
iv. What is the reading of the red column of the thermometer?
2. Human body temperature is normally
37 °C. If a person is said to be running ’
a temperature, they may be suffering an :
illness. The thermometer below shows
the temperature of a patient. Write the
temperature that is shown.
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3. The diagram that follows represents a section of an alcohol thermometer. Colour in the centre strip to show a
temperature of 14 °C.

N
o

-
o

4. a. [[I= The photo below shows a measuring cylinder containing some water. Read the scale to
determine the volume of water in the measuring cylinder. Select which of the available options is
the correct reading.

A. 19.5mL B. 20.5 mL C. 21.0mL D. 22.0 mL
b. Give an explanation of how you reached your answer.
Checklist
| have:

® positioned my eye parallel with the top of the column or the meniscus of the liquid that is to be measured

® noted the lower scale reading below the column or meniscus

® noted the upper scale reading above the column or meniscus

e calculated the scale divisions between the upper and lower scale divisions and used this to count up from
the lower division to take the column reading.
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SkillBuilder — Creating a simple column or bar graph
1.8.1 Tell me

What are column or bar graphs?

Column graphs show information or data in columns. In a bar graph the bars are drawn horizontally and in
column graphs they are drawn vertically. They can be hand drawn or constructed using computer spreadsheets.

How are column graphs useful?

Column graphs are useful for comparing quantities. They can help us understand and visualise data, see patterns
and gain information. For example, we can use them to help understand rainfall patterns in different months
(see figure 1).
FIGURE 1 Rainfall at Darwin Airport
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Source: © Bureau of Meteorology

A good column graph has:
e ruled axes
o labelled axes
e a space between each column
o atitle

e the source of information.

What is the application of column or bar graphs in science?

Column or bar graphs are useful to compare or investigate one or more numerical variables across different
categories. There are different types of column or bar graphs including individual, clustered and stacked.
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1.8.2 Show me

How to complete a column graph

Materials
e a table of data (table 1)
e graph paper
e a pencil
e aruler.

Model

FIGURE 2 A labelled column graph

Includes a title
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Source: Bureau of Meteorology

Includes the source of information

Labelled axes

Method

Step 1

Examine the data. Decide on the scale to use for your vertical axis. For this example the vertical axis should
start at zero and increase at intervals to suit the data. As the highest rainfall for any month for Cardwell is

465.9 mm, intervals of 50 would be suitable. For this exercise you could use 1 cm to represent 50 mm of
rainfall. Draw your vertical axis according to the scale you have devised.
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TABLE 1 Mean monthly rainfall for the years 1871 to 2016, Cardwell, Queensland

Statistics

Mean 438.5 | 465.9 | 400 208.6 | 94.7 47 32.4 29.2 38.5 54.4 115.2 | 193.5
rainfall

(mm) for

years 1871

to 2016

Source: © Bureau of Meteorology

Step 2

Decide on the width and spacing of the columns and draw your horizontal axis to fit. Ensure that each column
is the same width.

Step 3

For each column, mark the meeting point of the two pieces of information with a dot, then use your ruler to
neatly complete the column. Shade it in using colour.

Step 4

Label the vertical and horizontal axes and give the graph a title. Include a key if necessary.

Step 5

Provide the source beneath your graph, to enable the reader to locate the source data if they wish.

FIGURE 3 Mean monthly rainfall for the years 1871 to 2016, Cardwell, Queensland
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Source: © Bureau of Meteorology
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Resources

eWorkbook SkillBuilder — Creating a simple column or bar graph (ewbk-4636)

Interactivity Skillbuilder — Creating a simple column graph (int-3135)

1.8.3 Let me do it

Complete the following activities to practise this skill.

1.8 ACTIVITIES

1. Using the data in table 2, construct your own graph of average monthly rainfall for Innisfail,
Queensland.

TABLE 2 Mean rainfall (mm) for the years 1881 to 2016, Innisfail, Queensland

Statistics | Jan.

Mean 507.3 | 590.1 | 662.2 | 456.3 | 302.2 | 189 |137.6 |116.9 |86.1 |87.7 |157.9 | 262.6
rainfall
(mm) for
years
1881 to
2016

2. Once you have constructed your graph, apply the skills you have learned in this SkillBuilder to answer the
following questions.
a. Which month has the most rainfall?
b. Which month is the driest?
c. Imagine you are a filmmaker, planning to film on location in Innisfail for three months. As rain would cause
problems for your filming schedule, which months would be best for your requirements?

Checklist

| have:
® ruled axes
°® |abelled axes
® a space between each column
® included a title
¢ included the source of information.
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SkillBuilder — Drawing a line graph

1.9 Tell me
What is a line graph?

A line graph displays information as a series of points on a graph that are joined to form a line. Line graphs
are very useful to show change over time. They can show a single set of data, or they can show multiple sets,
which enables us to compare similarities and differences between two sets of data at a glance.

How are line graphs useful?

Line graphs are very useful to show change over time. They can show a single set of data, or they can show
multiple sets based on a common theme such as water use in the Murray—Darling Basin compared to water use
in South Australia (see figure 1). This enables us to compare similarities and differences between two sets of
data at a glance.

A good line graph has:
e been drawn in pencil
e an appropriate scale to show the data clearly
e labelled axes
e small dots joined by a line to make a smooth curve
e alegend, if necessary
e a clear and accurate title that explains the purpose of the graph
e the source of the data.

FIGURE 1 Water use in the Murray-Darling Basin
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Source: © Department of Environment, Water and Natural Resources,
South Australia Government «—— Source
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What is the application of line graphs in science?

Line graphs are very useful in science to show change over time for continuous data such as the increase in
temperature when heating water with a Bunsen burner. Line graphs can show a single or multiple sets of data,
which allows comparison and trends in data to be observed.

1.9.2 Show me

How to complete a line graph
Materials

e data

e graph paper
e a pencil

e aruler

Model

TABLE 1 Use of rainwater tanks by household, 2001-2010

2001 16
2004 17
2007 19
2010 26

Source: © Australian Bureau of Statistics

Method
Step 1

Select the data you wish to compare or interpret (table 1).
Draw a horizontal and vertical axis using a ruler.

Evenly space and then label the years along the horizontal axis. Look carefully at your range of data and work
out appropriate increments for the vertical axis, then evenly space and label this information on the axis. Start
at zero where the axes join. For the table 1 data, an increment of 5 percentage points would be appropriate.
Step 2

Label the X and Y axes. In this case, the X axis would be labelled ‘Year', and the Y axis would be labelled
‘Percentage’.

Plot the statistics. Draw a dot at the point where the year on the horizontal axis meets the relevant position on the
vertical axis. Once you have plotted all the statistics, join the dots. This can be done freehand or using a ruler.

Step 3
Add a title and a source to the graph.
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FIGURE 2 Use of rainwater tanks by household, 2001-2010
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of Statistics

eWorkbook  SkillBuilder — Drawing a line graph (ewbk-4638)

Interactivity Skillbuilder — Drawing a line graph (int-3131)

1.9.3 Let medoit

Complete the following activities to practise this skill.

\
2008

\
2009

2010

1.9 ACTIVITIES

1. Use the data in table 2 to create a line graph. Use the checklist to ensure you cover all aspects of the

task.

TABLE 2 Daily residential water consumption for South Australia

Year | Daily residential water consumption (litres)

2001 539
2002 502
2003 532
2004 460
2005 465
2006 440
2007 413
2008 410
2009 395

Source: SA Water, Annual Reports

2. Based on what you have learned in this SkillBuilder and referring to your graph, apply your skills to answer

the following questions.

a. In which year is water consumption lowest?
b. Describe the pattern shown by the graph.
c. What reasons might explain the changes from 2001 to 2009?

d. When water restrictions were lifted in 2011, predict what happened to water consumption.
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e. If the government made every household adopt water saving measures in 2022, what might happen to water
consumption?

f. Find statistics for water consumption for your area and compare these to another area.

g. Explain how useful the graph was in helping you understand the changes that occurred to water consumption
in South Australia compared to reading a table of figures.

Checklist

| have:
° labelled the axes
® provided a clear title and source
° plotted the data accurately
e joined the points with a smooth line.
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SkillBuilder — Using a spreadsheet
1.13.1 Tell me

How do you use a spreadsheet to record, analyse and graph your results?

Spreadsheets, through programs such as Excel, provide very powerful ways to identify trends and patterns in
your data. They allow for data to be recorded in cells to format tables, and allow for the quick analysis of data
and creation of different types of graphs.

Why is it important to use spreadsheets?

Spreadsheets are a way of effectively recording data gathered during science investigations. This data can then
be represented as a graph in the spreadsheet to show results and trends. These graphs make the results more
easily understood and analysed.

What is the application of spreadsheets in science?

Spreadsheets are used in science applications to record and analyse large amounts of data. This data is often
recorded from various types of electronic probes such as temperature, mass or pressure probes. Spreadsheets
are used in the medical field to record patient data and show it graphically. Many industrial processes are also
continually monitored and the readings recorded in a spreadsheet.

1.13.2 Show me
How do we use a spreadsheet?

Materials

e some data from an investigation or from another secondary source
e a spreadsheet

Method

Step 1
Change the title of your spreadsheet by selecting the tab at the bottom of the spreadsheet labelled ‘Sheet 1°.

Step 2
Decide on the titles for the rows (1, 2, 3 etc.) and columns (A, B, C etc.) of your spreadsheet.

Step 3
Transfer your data into the spreadsheet.
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Step 4

If you want to do calculations on the data in a spreadsheet, you need to enter a formula. In most spreadsheet
programs, a formula starts with an equal sign (=). If you want the total of cell A2 and cell B2 to appear in cell
C2, you would type the formula ‘=A2+B2’ in cell C2, and then press the Enter key. If you want to calculate
the average of a set of cells, for example, cells BS, C5, D5, ES and F5, you would type =AVERAGE(BS5:F5)

1 e
Hame Irider Page Layact Framulay Dals Pevdew Wiew Dereloper PEERCT Aershsl

A ca Can = o X oy e (S5 Wirap Ted General
-l Copy *
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A B C o E F G contents
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2 DAY seedlingl seedling? seedling3 seedlingd seedling5 correctaw
E 1 0 0 0 0 0 0
4 2 0.5 0 0 0 0.4 0.13
5 3 0.7 0 0.3 0 *}:g This is the active cell.
6 4 1 0.1 0.5 0.3 1.2 062 heformulain the bar
: v above is the formula
7 s 0.4 0.9 0.5 0.7 1.9 0.96 for this cell.

There are many other formulae that can be used, depending on your requirement.
The symbols used for mathematical operations in spreadsheets are:

+ for addition

— for subtraction

* for multiplication

/ for division.

Step 5

Create graphs by selecting the data, then clicking on Insert and the type of graph you want to produce. Once
the graph has been created use the Layout tab to add axis labels and a title for your graph.
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" Interactivity
@ eWorkbook

Using a spreadsheet (int-8160)
SkillBuilder —

Using a spreadsheet (ewbk-6573)
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1.13.3 Let me do it

Complete the following activities to practise this skill.

1.13 ACTIVITIES

1. Observe the photo of a spreadsheet provided and answer the following questions.

Page Layout . Formulas  Data Review

a. How many rows are selected in the spreadsheet?
b. How many columns are selected in the spreadsheet?
c. What is the name of the label of the cell in the top left-hand corner of the spreadsheet?
2. Rewrite the steps that follow to show how you could insert a graph into a spreadsheet.
a. Select the type of graph you wish to use.
b. Select the insert tab at the top of the spreadsheet.
c. Follow the prompts to label the graph and write a title.
d. Select the data in the rows and columns of the spreadsheet you want to graph.
3. Decide if the following statements are true or false.
a. In most spreadsheet programs, a mathematical formula starts with an equals sign (=).
b. If you want the total of cell A1 and cell A2 to appear in cell A3, you would type the formula ‘=A1+A2’ in cell
A3, and then press the Enter key.
c. To change the title of your spreadsheet, select the tab at the top of the spreadsheet labelled ‘Insert’ and type
your own title.

Checklist
| have:

labelled the rows and columns and the name of my spreadsheet
e inserted a formula into my spreadsheet

e inserted a graph into my spreadsheet

labelled the graph and provided a title for it.
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2 Getting into genes

LEARNING SEQUENCE

241
2.2
2.3
2.4
2.5
2.6
2.7
2.8
2.9
210
211
212
213
214
215
2.16

Overview

Chromosomes, genes and DNA

Discovering the structure of DNA

Unlocking the DNA code

Changing the code through mutations
Exploring patterns in the genome and genetic sequence
Dividing to multiply through cell division
Passing on genes to the next generation
Punnett squares and predicting inheritance
Interpreting pedigree charts

Exposing your genes through genetic testing ....
Biotechnological tools to edit the genome
Interwoven stories of DNA and the genome
Thinking tools — Priority grids

Project — The gene lab

Review




21 Overview

Numerous videos and interactivities are embedded just where you need them, at the point of learning, in
your learnON title at www.jacplus.com.au. They will help you to learn the content and concepts covered in
this topic.

2.1.1 Introduction

Have you noticed anything
similar about yourself and other
members of your family? If
you are genetically related, you
share not only some similar
characteristics, but also similar
DNA (deoxyribonucleic acid).
This molecule links your
family generations genetically
together. Patterns also exist in
the way these characteristics
are inherited. Many traits are
inherited between generations,
such as colourblindness (as seen
in figure 2.1), hair colour and
even the shape of your hairline.

FIGURE 2.1 Can you read each of the numbers? This test is known as
the Ishihara test, which examines colourblindness, a genetically inherited
trait that is more common in males.

Did you know that the nucleus of
each of your body cells contains
identical DNA? Even though the
cells of your stomach look and
function very differently from
those in your eyes, nails and skin, they all share the same DNA. Sections of DNA that provide instructions for
our traits are called genes. Like a light switch, these can be switched on or off. For example, the genes that are
responsible for your eye colour do not need to be switched on in the cells of your stomach!

Increasingly, the knowledge gained from research is modifying some of our theories about how DNA is
inherited. For example, research is suggesting that some of an organism’s experiences and lifestyle choices can
lead to a change in which genes are switched on or off — and that this change can be inherited by their next
generation.

Our ability to control and analyse DNA is rapidly advancing — not just for medical treatments, but in creating
genetically modified organisms. Technologies are also being developed that can edit an organism’s genome!

In this topic, you will gain and understand of the relationship between your DNA and your genes, and how
these are inherited across generations.

Resources

Video eLesson  Epigenetics — switching genes on and off (eles-4210)

Watch this video to observe an animation showing the tagging of DNA through
epigenetics. This tagging, which can be influenced by the environment, involves
different molecules binding to the DNA to turn different genes on or off.
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2.1.2 Think about genes

. Do you have a Darwin’s point?

. Why don’t hairs grow on stomach linings?

What do monks, peas, mathematics and genes have in common?
. What do Xs and Ys have to do with sex?

. What do telomeres have to do with ageing?

. How can you get bacteria to produce human insulin?

Why doesn’t the number of chromosomes double with each generation?
. Do all my family have the same blood type?

. Are mutations always bad news?

10. What’s this about ‘jlumping genes’?

11. Designer babies — should we or shouldn’t we?

12. What does CRISPR have to do with editing your genome?

13. Who owns information about your DNA?

©OONOU A DON

2.1.3 Science inquiry

INVESTIGATION 2.1

Do you fit into your genes or do they fit into you?
Aim
To observe the inheritance of traits across generations and make predictions

Materials

* pen
e paper
e collection of photographs of members of your family (or a group member’s family)

PART A: Focusing on eye colour

Method
In your team, carefully observe the figure provided Swift family
bb bb

showing the Davis and Swift families and share your BB bb
observations.

Results %—4@' %:- bR
Construct a table and record any observations nL«EH c -
Kel

you made. n Margaret Kevin Gwenda

Discussion

1. If the following couples had another child,
suggest what their eye colour may be and give
a reason for your suggestion.

a. Ken and Margaret Davis
b. Kevin and Gwenda Swift
c. Geoff and Linda Davis

2. Suggest a reason Geoff (with brown eyes) and Merrin Stuart Sharon Geoff Linda Ben Martin Michael
Linda (blue eyes) had brown-eyed and blue-
eyed children, whereas Ken (with brown eyes)
and Margaret (blue eyes) had only children with
brown eyes.

3. Martin Swift’s fiancée, Justine, has blue eyes,
but both of her parents have brown eyes. If
Justine and Martin have children together, what
colour eyes do you think may be possible?
Discuss reasons for your response.

3 B
&
)
P
& B
@
@
@ B—

Sarah Genevieve Bree Cameron
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PART B: Focusing on family photos
Method
1. In pairs, select one team member to bring to school a collection of photographs of as many individuals from

their family as they can.
2. Carefully observe each photograph of the family members, looking for similarities.

Results

Construct a table with the family features that you have observed and indicate which family members have these
features.

Discussion

1. Can you identify any patterns or make any interesting suggestions about these observations? If so, discuss
and record these.

2. Discuss which characteristics may be passed from parent to child and which may not.

3. Make a summary of your discussion to share with other teams. Add any other interesting points from these
discussions to your team summary.

PART C: Focusing on your thoughts
Method
1. Conduct some research on each of the following topics:
a. Because June and Frank have five sons, the chance of their next child being a daughter is increased.
b. People who have committed very violent crimes should be sterilised because their children will also be
violent.
c. Parents should be allowed access to technologies that enable them to select the gender and specific
characteristics of their children.
d. Technologies that alter the gametes (sperm and ova) should be illegal.
2. Discuss each of the issues with your group and answer the discussion questions provided.

Results
Write a summary of your findings (both your own and your classmates).

Discussion

For each of the scenarios listed, state whether you agree, disagree or don’t know. Justify your responses,
providing clear reasoning for your answer.

Conclusion (for parts A, B and C)

Summarise your findings from the three activities, outlining your understanding of patterns of inheritance and
issues and debates around genetics.

Extension activity

As a class, conduct a class debate on the different issues in Part C. Place some students on the ‘for’ side and
some on the ‘against’ side, with each group outlining reasons and arguments for the debate.

Resources

eWorkbooks Topic 2 eWorkbook (ewbk-5322)
Starter activity (ewbk-5324)
Student learning matrix (ewbk-5326)

Practical investigation eLogbook Topic 2 Practical investigation eLogbook (elog-0689)

Iea rn Access and answer an online Pre-test and receive immediate corrective feedback
and fully worked solutions for all questions.
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2.2 Chromosomes, genes and DNA

LEARNING INTENTION

At the end of this subtopic you will be able to describe the relationship between DNA, genes, chromosomes,
nuclei and cells and distinguish between different types of cells and chromosomes.

2.2.1 Cells

We are living organisms. The key distinguishing feature of all living things is that they are cellular —
comprised of basic biological units known as cells.

The human body is made up of trillions of cells, allowing us to have amazing complexity. Some organisms are
much simpler. Organisms such as amoeba, for example, are only made up of a single cell.

The cells that make up humans and other animals differ in their structure and function. Some different types of
cells include:

R .
skin cells cell the smallest unit of life and

* stem cells the building blocks of living things

¢ blood cells deoxyribonucleic acid (DNA)

e nerve cells a substance found in all living

e fat cells things that contains its genetic
information

[ ] . . .
muscle cells. nucleus roundish structure inside

a cell that contains DNA and acts

With the exception of sex cells, all of the cells within an organism contain identical as the control centre for the cell

DNA in their nuclei.

FIGURE 2.2 Cells in the body differ in structure and function
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(a) Star-shaped (e.g. motor (b) Spherical (e.g. egg (c) Columnar (e.g. gut (d) Flat (e.g. skin cells)

neuron cells) cells) cells)

e
|

(e) Elongated (e.g. human (f) Disc-shaped (e.g. human red blood (g) Cuboidal (e.g. human kidney cells)
smooth muscle cells) cells)

2.2.2 DNA

Where did you get those pointed ears, big nose or long toes from? Features or traits that are inherited are
passed from one generation to the next in the form of a genetic code. This code is written in a molecule called
deoxyribonucleic acid (DNA) and is located within the nucleus of your cells.
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FIGURE 2.3 DNA is found in the nucleus of cells. Prior to cell division, it coils up into structures that, when

stained, can be seen with a microscope. These structures are called chromosomes.
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Ribosome
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_ DNA double helix

Most of your body cells contain all of the genetic instructions needed to make another you. Your DNA,
however, is more than just a genetic blueprint of instructions; it is also a unique ‘ID tag’ and an ancient ‘book’

that holds secrets both from your ancestral past and for your possible futures.

The structure of DNA will be further explored in subtopic 2.3.

FIGURE 2.4 The hierarchical relationship between cells, nuclei, chromosomes, genes and DNA

2.2.3 Genes

Each genetic instruction that codes for a particular trait (for
example, shape of the ear lobe, blood group or eye colour)

is called a gene. Genes contain the instructions for making a
particular polypeptide (protein). Genes are made up of specific
segments of DNA and are organised into larger structures called
chromosomes, which are located within the nucleus of the cell.

Linked
The location of a gene on a specific chromosome is called its genes

locus. Genes that are located on the same chromosome are
described as being linked.

2.2.4 Chromosomes

Prior to cell division your DNA replicates itself, and this long double-stranded
molecule (2 to 3 metres) bunches itself up into 46 little packages called
chromosomes. They are called chromosomes (chromo = ‘coloured’ + some = ‘body’)
because scientists often stain them with various dyes so that they are easier to see.

Chromosomes are only visible when a cell is about to divide or is in the process of
dividing. When your cells are not dividing, chromosomes are not visible because the
coils are unwound and the DNA is spread throughout the nucleus.
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FIGURE 2.5 Linked genes and unlinked genes

Unlinked

genei%

gene segment of a DNA molecule
with a coded set of instructions in
its base sequence for a specific
protein product; when expressed,
may determine the characteristics
of an organism

locus position occupied by a
gene on a chromosome
chromosomes tiny thread-like
structures inside the nucleus of

a cell that contain the DNA that
carries genetic information
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FIGURE 2.6 The structure of a chromosome. The
chromosome may be in an unreplicated or replicated form.

Telomere

Kinetochore Centromere

Chromatids

FIGURE 2.7 Scanning electron micrograph
showing double-stranded chromosomes

Chromosomes have various structures that are present in both replicated and non-replicated forms. The
centromere is a region in which sister chromatids and the short and long arms of chromosomes are attached.
The telomere is the cap on the end of each chromosome. The kinetochore is a region associated with the
centromere that is important in cell division. When chromosomes are replicated and appear in the ‘X’ shape,
the two parts of the chromosome are each referred to as a chromatid or, more specifically, sister chromatids.

Chromosomes — more than one type

Chromosomes can be divided into two main types: autosomes and sex chromosomes.

X chromosomes and Y chromosomes are two types of sex chromosomes.

FIGURE 2.8 Exploring the types of chromosomes

Autosomes

X chromosome

Y chromosome

Chromosomes

Sex
chromosomes

Autosomes

Of the 46 chromosomes in your somatic cells, 44 are present in both males and
females and can be matched into 22 pairs on the basis of their relative size, position
of centromere and stained banding patterns. These are called autosomes. They are
numbered from 1 to 22 on the basis of their size: chromosome 1 being the largest of
the autosomes and chromosome 22 the smallest (see figure 2.9).

The members of each matching pair of chromosomes are described as being
homologous (these matching pairs can be seen in figure 2.12). Those that don’t
match are called non-homologous. For example, two number 21 chromosomes
would be referred to as homologous, but a number 21 chromosome and a
number 11 chromosome would be non-homologous.

centromere a section of a
chromosome that links sister
chromatids

telomere a cap of DNA on

the tip of a chromosome that
enables DNA to be replicated
safely without losing valuable
information

kinetochore a region on a
chromosome associated with cell
division

chromatid one identical half of a
replicated chromosome

sister chromatids identical
chromatids on a replicated
chromosome

autosomes non-sex
chromosomes

sex chromosomes chromosomes
that determine the sex of an
organism

somatic cells cells of the body
that are not sex cells

homologous chromosomes
with matching centromeres, gene
locations, sizes and banding
patterns
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FIGURE 2.9 Human chromosomes in order of size

with banding patterns and centromere
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FIGURE 2.10 Fluorescent-dyed chromosomes
showing stained centromere
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Sex chromosomes

The two remaining chromosomes are the sex chromosomes. In humans, these differ between males and
females. Females possess a pair of X chromosomes (XX) and males have an X chromosome and a' Y
chromosome (XY). The sex chromosomes are important in determining an individual’s sex (whether they are
male or a female), as shown in figure 2.11.
FIGURE 2.11 The combination FIGURE 2.12 A human male karyotype

of sex chromosomes from the
sperm and egg determines the
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2.2.5 Chromosome patterns — karyotypes

Differences between the chromosome pair size, shape and banding can be used to distinguish them from each
other. Scientists use these differences to construct a karyotype, as seen in figure 2.12. Cells about to divide are
treated and stained, mounted on slides for viewing, and photographed.

These photographs are cut up and rearranged into pictures that show the chromosomes in matching pairs in
order of size from largest to smallest. Karyotyping can reveal a variety of chromosomal disorders such as
Down syndrome and Turner syndrome.

The sex of an individual can also be determined using karyotyping. In humans,
females possess two similarly sized X sex chromosomes. In males, however, their sex
chromosomes are not matching — they possess an X chromosome and a smaller Y
chromosome. In figure 2.12, the individual is male.

karyotype an image that orders
chromosomes based on their size
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EXTENSION: Too many or too few?

Sometimes a genetic mistake or mutation can occur that results in more or less of a particular type of
chromosome. Down syndrome is an example of a trisomy mutation in which there are three number

21 chromosomes instead of two. Turner syndrome is an example of a monosomy mutation that results in
only one sex chromosome (XO).

TABLE 2.1 Some examples of chromosome changes and approximate incidence rates

Chromosome change Resulting syndrome Approximate incidence rate

Ad(dition: whole chromosome

Extra number 21 (47, +21) Down syndrome 1/700 live births
Extra number 18 (47, +18) Edwards syndrome 1/3000 live births
Extra number 13 (47, +13) Patau syndrome 1/5000 live births
Extra sex chromosome (47, XXY) Klinefelter syndrome 1/1000 male births
Extra Y chromosome (47, XYY) N/A 1/1000 male births
Deletion: whole chromosome
Missing sex chromosome (46, XO) Turner syndrome 1/5000 female births
Deletion: part chromosome
Missing part of number 4 Wolf-Hirschhorn syndrome 1/50000 live births
Missing part of number 5 Cri-du-chat syndrome 1/10000 live births
Resources

Weblink Karyotype

2.2.6 Types of cells and cell division

All cells come from pre-existing cells. Cell division is a vital process in which replicated chromosomes are
divided to form new cells.

Mitosis and meiosis are two types of cell division involved in cell production. The two types of cells produced
are gametes (or sex cells) and somatic cells (body cells).

FIGURE 2.13 Examining cell division and the types of cells produced

Somatic cells
(body cells)

Mitosis

trisomy a condition where there
Cell division are three copies of a particular
chromosome instead of two

. Gametes
Meiosis (sex cells) monosomy a condition where
there is only one copy of a
particular chromosome instead
. of two

Somatic cells ,
gametes reproductive or sex

Mitosis is the type of cell division used to produce new cells that your body requires cells such as sperm or ova

for replacement, growth and repair. The cells produced are identical to each other and mitosis cell division process that
h ioinal cell. with th b fch Mitosi ill be furth results in new genetically identical

to t e original cell, with the same number of chromosomes. Mitosis will be further cells with the same number of

examined in section 2.7.3. chromosomes as the original cell
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Cells of your body that are not your sex cells are often referred to as body cells or somatic cells. With the
exception of your red blood cells (which lose their nucleus when mature so they can carry more oxygen), all of
your somatic cells contain chromosomes in pairs within their nucleus. Humans have 23 pairs.

Sex cells

Meiosis is the type of cell division used to produce sex cells (or gametes). Ova (singular ovum) and sperm are two

types of gametes, seen in females and males respectively.

Meiosis results in the chromosome number being halved, so instead of pairs of chromosomes in each resulting
cell, only one chromosome comes from each pair. Cells with one of every chromosome are referred to as haploid.

Genetic variation can increase the survival of a species. Meiosis contributes to this. The cells that are produced
by this type of cell division are different from each other and from the original ‘parent’ cell. The random
mixing of gametes produced by meiosis also contributes to variation within the species. Meiosis will be further

examined in section 2.7.4.

Mixing gametes together

The genetic information that you received from your mother was packaged into
23 chromosomes in the nucleus of her egg cell (ovum). Your father’s genetic
information was packaged into 23 chromosomes in the nucleus of the sperm that
fertilised your mother’s egg cell.

When these gametes fused together at fertilisation, the resulting zygote contained

23 pairs of chromosomes (one pair from each parent) — a total of 46 chromosomes.

FIGURE 2.14 Meiosis leads to the formation of gametes, which come together
during fertilisation.

Ovum
(23 chromosomes)

Gametes Zygote

(sex cells) (46 chromosomes)

Sperm
(23 chromosomes)

meiosis cell division process that
results in new cells with half the
number of chromosomes of the
original cell

ova female reproductive cells or
eggs

sperm male reproductive cell
haploid the possession of one
copy of each chromosome in a cell

fertilisation penetration of the
ovum by a sperm

zygote a cell formed by the
fusion of male and female
reproductive cells

telomerase an enzyme involved
in maintaining and repairing a
telomere

SCIENCE AS A HUMAN ENDEAVOUR: Has the secret of age reversal been discovered?

In the 1970s, Tasmanian-born scientist Dr Elizabeth Blackburn made a
discovery that contributed to our understanding of how cells age and die.

She showed how the presence of a cap of DNA called a telomere on the tip of
the chromosome enabled DNA to be replicated safely without losing valuable
information in the rest of the chromosome. Each time the cell divides,
however, these telomeres shorten. When the telomeres drop below a certain
length, the cell stops dividing and dies. This is a normal part of ageing.

Blackburn and her colleagues later discovered an enzyme, telomerase, that
was involved in maintaining and repairing telomeres. In 2009, Blackburn and
her colleagues were awarded the Nobel Prize in Physiology and Medicine for
their work on how chromosomes are protected by telomeres and the enzyme
telomerase.
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FIGURE 2.16 The telomeres shorten during mitosis, the cell division that produces somatic cells.
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DISCUSSION

Other scientists are now involved in finding out more about the exciting possibilities that our understanding of
this telomeres process may open up. In 2010, for example, Mariela Jaskelioff and her colleagues in America
genetically engineered mice with short telomeres and inactive telomerase to see what would happen when they
turned this enzyme back on. Their results showed that after four weeks, new brain cells were developing and
tissue in several organs had regenerated — and the mice were living longer. If this happens in mice, what might
future research suggest for humans?

INVESTIGATION 2.2

Extracting DNA
Aim
To extract DNA from ground wheatgerm

Materials
¢ 1 teaspoon of finely ground wheatgerm ® measuring cylinders
e 14 mL of isopropyl alcohol (or equivalent) e rubber stopper
e 1 mL of liquid detergent e test tube rack
e 20 mL of hot tap water (50-60 °C) ¢ Pasteur pipette and bulb
e test tube e glass stirring rod
Method

1. Construct a table in results, allowing room for observations in the form of a diagram.

2. Add the wheatgerm and hot water to a test tube. Twist the stopper in and shake for 3 minutes.

3. Add 1 mL of detergent and mix gently with the glass rod for about 5 minutes. Do not create foam. (If you do
create foam, suck it out with the Pasteur pipette.)

4. Tilt the tube at an angle and slowly pour in the alcohol so that it sits at the bottom.

5. Collect the DNA with the glass rod. Feel it with your fingers and make your final observations. (S
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Results

Note down and sketch your observations in a table:
a. immediately after adding the alcohol

b. at 3- and 15-minute intervals

c. after you have collected and removed the DNA.

Discussion

1. What colour did you expect DNA to be? Why do you think it was the colour that you observed?

2. How could you confirm that it really was DNA? Relate your response to scientific knowledge (remember to
reference your secondary information).

3. Why do you think detergent needed to be added?

4. Suggest improvements to the experimental design.

Conclusion
Summarise your findings, relating them to your aim.

Resources

eWorkbook Genes and chromosomes (ewbk-5348)

assessm Additional automatically marked question sets

2.2 Exercise learn

To answer questions online and to receive immediate feedback and sample responses for every question, go to
your learnON title at www.jacplus.com.au.

Select your pathway

LEVEL 1 LEVEL 2 LEVEL 3
Questions Questions Questions
1,3,6,12 2,4,9, 11 5,7,8,10, 13

Remember and understand

1. State whether the following statements are true or false. Rewrite any false statement to make it true.
a. Human female gametes are called ova and male gametes are called sperm.
b. Mitosis is the type of cell division that is used to produce sex cells.
c. All chromosomes are the same size.
d. Non-homologous chromosomes have the same relative size, position of centromere and stained banding
patterns.
. Human males possess a pair of X chromosomes (XX), whereas human females possess an Xand a 'Y
chromosome (XY).
f. Sometimes a genetic mistake or mutation can occur that results in more or less of a particular type of
chromosome.
g. Differences between the chromosome pair size, shape and banding can be used to distinguish them from
each other and to construct a karyotype.
h. Telomeres (caps of DNA on the tip of the chromosome), which enable DNA to be replicated safely without
losing valuable information, shorten each time the cell divides.

o
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2. Match the term to its description in the following table.

Term ‘ Description

a. Autosomes A. A molecule that contains genetic information and is located inside the nucleus of a
eukaryotic cell

b. Chromosome B. A piece of genetic information that contains the instructions for making a particular
polypeptide

c. DNA C. Another name for body cells that are not sex cells

d. Fertilisation D. Another name for sex cells

e. Gametes E. The fusion of the sperm and the ovum

f. Gene F. The location of DNA within your cells

g. Linked G. The name given to non-sex chromosomes

h. Locus H. Genes located on the same chromosome

i. Nucleus I. The location of a gene on a chromosome

j-  Somatic cells J. A structure containing genes, located in the nucleus of eukaryotic cells and only

visible when the cell is about to divide or is in the process of dividing

3. Are chromosomes always visible in a cell? Explain.

4. Explain how a karyotype can be identify to determine the following.
a. The gender of an individual
b. Chromosomal abnormalities

5. Distinguish between the following pairs of terms.

S0 0 00O

. Gene and DNA

«Q

. Ovum and sperm
. X chromosome and Y chromosome
. Sex chromosomes and autosomes
. Somatic cells and sex cells
. Mitosis and meiosis

Homologous and non-homologous

6. Refer back to and carefully and observe figure 2.9 which shows some features of human chromosomes, and

answer the questions.

a. Is chromosome 6 larger or smaller than chromosome 27?
b. Which is smaller, the X chromosome or the Y chromosome?

Apply and analyse

7. IEHA Suggest why chromosomes are stained with dyes. What observations would you expect under a microscope

if a dye wasn’t used?

8. The following questions refer to figures A and B.

A

[ADAT AT TY
MARRE R 558K 8%

AN XX ki aa

58 %X

A AA “n
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a. Carefully observe figures A and B and suggest features that are useful in pairing the chromosomes.
b. On the basis of information in the karyotype, suggest the gender of A and B. Justify your responses.
c. Suggest why karyotyping can be carried out only on cells that are about to divide.
9. [BHEM Observe the figures provided that show the chromosomes belonging to four different types of organisms.

= "3&%’ \.)M / o
oy “SEK
AFE S

- bt
Kangaroo (6 pairs) Human (23 pairs) Domestic fowl (18 pairs) Fruit fly (4 pairs)

a. Suggest whether the chromosomes are from somatic cells or sex cells. Justify your response.
b. Suggest which organisms possess chromosomes:

i. most like humans

ii. least like humans.

Justify your responses.
c. Do any observations in (b) surprise you? Why?

Evaluate and create

10. [EEN Each species has a particular number of chromosomes. The following table shows some examples of the
number of chromosomes in the body cells of some organisms.

TABLE Number of chromosomes in body cells (non-sex cells) of some living things

Number of Number of
Species of living chromosomes in each Species of living chromosomes in each

thing body cell thing body cell
Chimpanzee 48 Tomato 24
Euglena (unicellular) 90 Cabbage 18
Fruit fly 8 Frog 26
Human 46 Housefly 12
Koala 16 Pig 40
Onion 16 Platypus 52
Shrimp 254 Rice 24
Sugarcane 80 Sheep 54

a. Construct a column graph using the data in the table provided.
b. ldentify the species with the following.
i. Highest total number of chromosomes
ii. Lowest total number of chromosomes
c. Carefully observe your graph, looking for any patterns. Discuss possible reasons for these.
d. Do you think that the number of chromosomes reflects the intelligence of an organism? Provide reasons for your
response.
e. Suggest the number of chromosomes in the sex cells of the following.
i. Housefly
ii. Sheep
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11. Carefully observe the karyotypes A and B.

ARy
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a. Suggest the gender of the individual in A and in B. Justify your responses.
b. Use your observations and table 2.1 to suggest the following.
i. The type of chromosome change shown in each figure
ii. The name of the resulting genetic disorders
c. One of these disorders is also sometimes described as trisomy 21. Suggest a reason for this description.
12. If each cell nucleus has about a metre of DNA, how does it all fit in? Draw a diagram to show this.
13. E&3
a. Research and report on the following aspects of Elizabeth Blackburn’s work and explain the following.
i. Her contribution to our understanding of DNA
ii. Her stance on stem cell science that resulted in her losing her position on the President’s Council on
Bioethics
b. i. What is bioethics?
iil. What is the Presidential Commission for the Study of Bioethical Issues, and what does it have to do
with science? How does it differ from the President’s Council on Bioethics?
iii. Find out more about the types of issues that have been considered by the Commission. Write four
clear bullet points summarising these issues, and outline your personal opinions on them.

Fully worked solutions and sample responses are available on your digital formats.

2.3 Discovering the structure of DNA

LEARNING INTENTION

At the end of this subtopic you will be able to outline the key events in the discovery and understanding of the
structure of DNA.

2.3.1 Learning about DNA

Even though DNA is as old as life itself, we have only recently been
introduced to it.

FIGURE 2.17 Friedrich
Miescher

The abbreviation DNA is so well known that it is often used as a word
itself. DNA is the abbreviation for deoxyribonucleic acid. As the name
suggests, it is a type of nucleic acid. It was not until 1869 that people were
formally introduced to DNA, when it was discovered by Friedrich Miescher.
Working in a laboratory located within a castle in Germany, Miescher — a
young Swiss postgraduate student — isolated DNA from the nuclei of white
blood cells taken from pus on bandages. Miescher named the compound he
isolated ‘nuclein’.
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2.3.2 The nucleotide

In 1929, over 50 years after its discovery, Phoebus Levene showed that DNA was made up of repeating units

called nucleotides.

Each of these nucleotides consisted of
e asugar (deoxyribose in DNA)
e a phosphate group
¢ a nitrogenous base (adenine (A), thymine (T), guanine (G) or cytosine (C))

FIGURE 2.18 a. The structure of a nucleotide b. A nucleotide containing the
nitrogenous base guanine

a. b.

Phosphate

nucleotides compounds (DNA
building blocks) containing a
sugar part (deoxyribose or ribose),
a phosphate part and a nitrogen-
containing base that varies
deoxyribose the sugar in the
nucleotides that make up DNA

nitrogenous base a component
of nucleotides that may be one
of adenine, thymine, guanine,
cytosine or uracil

SCIENCE AS A HUMAN ENDEAVOUR: Discovering DNA as the carrier of genetic material

Phoebus Levene (see figure 2.19) suggested that the nucleotides could be joined together to form chains.
Although his theory was correct in terms of the chain formation, it was incorrect in other aspects of its structure.
His tetranucleotide model, which proposed that DNA had equal amounts of all four nitrogenous bases,
contributed to scientists of the time favouring proteins, rather than DNA, as the carrier of genetic information.

The experiments of Alfred Hershey and Martha Chase in 1953 supported those of Oswald Avery in 1943
(figure 2.20), suggesting that DNA was the molecule through which genetic information was carried between

generations, not proteins.

FIGURE 2.19 Phoebus Levene FIGURE 2.20 Oswald Avery
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ewbk-5350

int-8124

2.3.3 A with T and G with C

In 1950, Erwin Chargaff (see figure 2.21) contributed to our understanding
of the structure of DNA by his careful and thorough analysis of the four
different types of nucleotides and their ratios in DNA. His research led to
the concept of base pairing.

This concept states that in DNA:
o every adenine (A) binds to a thymine (T)
e every cytosine (C) binds to a guanine (G).

This is now known as Chargaff’s rule.

Therefore, any strand of DNA should have equal numbers of A and T,
and equal numbers of C and G.

The different bases in the double stranded DNA molecules are bonded
using a special bond known as a hydrogen bond. While C and G bond
together with three hydrogen bonds, T and A bond together with two

hydrogen bonds. The base-pairing rule and the presence of hydrogen bonds

can be seen in figure 2.22.

FIGURE 2.21 Erwin Chargaff
~ e
o .

F 4

FIGURE 2.22 Observing DNA base pairing within a strand of DNA. Think of base pairing like puzzle pieces

matching together.

Chromosome

DNA helix

phosphate
backbone

2.3.4 Understanding the structure of DNA
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The next piece of the puzzle of solving the structure of DNA was contributed (some

say without her knowledge) by Rosalind Franklin. Rosalind Franklin and Maurice
Wilkins had decided to crystallise DNA so that they could make an X-ray pattern of
it (as seen in figure 2.23). They specialised in making images using the properties
of X-rays of biological molecules so the images could be analysed to find out

Chargaff’s rule a rule that
states the pairing of adenine

guanine
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information about their three-dimensional structures. Franklin’s X-ray picture of a DNA molecule (figure 2.23)
provided important clues about the shape of the molecule.

FIGURE 2.23 Rosalind Franklin’s X-ray FIGURE 2.24 Rosalind Franklin
picture provided important clues about the provided a key clue to solve the
shape of the DNA molecule. structure of DNA.
B
- —
- —aly
- ——
e -

2.3.5 Discovering the double helix

James Watson and Francis Crick were building a DNA model to try to solve its structure. They were shown
Franklin’s image of DNA, which strongly suggested that DNA had a helical shape. They used this information,
as well as that from Chargaff and other researchers (such as their American colleague Linus Pauling), to
successfully solve the structure of DNA. At last the structure was identified!

FIGURE 2.25 a. Watson (left) and Crick (right) with their model of part of a DNA molecule in 1953

b. A schematic structure of a DNA double helix
Base pair ﬁ

Helix of
sugar and phosphate

eles-4213
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DISCUSSION

Rosalind Franklin and Maurice Wilkins were critical in discovering the structure of DNA; however, most of the
credit is given to Watson and Crick. If Maurice Wilkins and Rosalind Franklin had a more harmonious working
relationship, do you think Franklin would have been involved in writing the scientific paper where the structure
of DNA was first described, and that she would have been given the same credit for discovering the structure of
DNA as Watson and Crick?

INVESTIGATION 2.3

Constructing a model of DNA
Aim
To construct a DNA model in order to represent the structure of DNA

Materials

Various materials to assist you to create a model — some suggestions include pipe cleaners, straws, paper,
icypole sticks, paperclips, toothpicks or playdough

Method

1. In groups of two, construct a model of DNA using items you have available. In your model, you need to
ensure that you:
e clearly show the four different types of nitrogenous bases
¢ have at least eight base pairs in total, ensuring you follow Chargaff’s rule
¢ are able to show the double helix structure of DNA.
2. Label all parts of your DNA model. You may choose to use a legend or key to assist you.

Results
Draw a clearly labelled diagram of your DNA model.

Discussion

1. Evaluate your model.
a. Which aspects of the structure of DNA does your model show accurately?
b. In what ways is your model different from an actual DNA molecule?

2. a. How many of each of the following nitrogenous bases were in your model?

i. Adenine ii. Guanine iii. Cytosine iv. Thymine
b. How did you represent each of these?

3. Bonds that connect the two strands of DNA are known as hydrogen bonds. What did you use to represent
these hydrogen bonds?

4. DNA when stretched out is incredibly long. However, it can condense in such a way that the total length is
very small. This can occur by wrapping it around special proteins known as histones (visualise this as being
like wrapping toilet paper tightly around a toilet roll). If you had to adjust your model to show this, how would
you do this ? Summarise the process you would use.

Conclusion
Summarise your investigation, outlining how your model showed the structure of DNA.

Resources

eWorkbook DNA (ewbk-5352)

Video eLessons Rosalind Franklin and Watson and Crick (eles-1782)
DNA structure (eles-4166)

Interactivity Complementary DNA (int-0133)
Weblink The history of DNA timeline

assessm Additional automatically marked question sets
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2.3 Exercise learn

To answer questions online and to receive immediate feedback and sample responses for every question, go to
your learnON title at www.jacplus.com.au.

Select your pathway

LEVEL 1 LEVEL 2 LEVEL 3
Questions Questions Questions
1,3,6 2,5,8 4,7,9,10

Remember and understand

1. State whether the following statements are true or false. Rewrite any false statement to make it true.
a. DNA are the subunits of nucleotides.
. DNA was first isolated from the nuclei of white blood cells taken from pus on bandages.
. Miescher named the compound he extracted from cell nuclei ‘nuclein’.
. Prior to DNA being proposed as the molecule that passes genetic information between generations, it was
thought to be protein molecules.
e. According to Chargraff’s rule, adenine binds to guanine and cytosine binds to thymine.
f. A nucleotide is made up of a phosphate group, a sugar, and a nitrogenous base.
g. All nucleotides that make up DNA contain the same type of nitrogenous base.
h. DNA has the structure of a double helix.
2. Match the scientist to their scientific contribution in the following table.

0T

Scientist ‘ Scientific contribution
a. Erwin Chargaff A. The scientist who first isolated (discovered) DNA.
b. Francis Crick B. The scientist who showed that DNA was made up of repeating units called

nucletotides joined together to form chains.

c. Friedrich Miescher C. The scientist who, together with Alfred Hershey and Oswald Avery,
suggested that, rather than protein, DNA was the molecule through which
genetic information was carried between generations.

d. Martha Chase D. The scientist who, together with James Watson, suggested DNA has the
structure of a double helix.

e. Phoebus Levene E. The scientist whose research led to the concept of base pairing, which
states that in DNA every adenine (A) binds to a thymine (T), and every
cytosine (C) binds to a guanine (G).

=h

Rosalind Franklin F. The scientist whose X-ray diffraction picture provided important clues about
the shape of the DNA molecule.

3. Use a diagram to show how the nucleotides that make up DNA are organised.
4. Outline what the research of Hershey, Chase and Avery suggested.

Apply and analyse

5. [EEM Chargaff’s rule was an important discovery in gaining understanding about the structure of DNA.
a. Describe what is meant by Chargaff’s rule.
b. An examination determined that a specific fragment of DNA was 23 per cent adenine. What percentage would
you expect the following to be?
i. Thymine ii. Guanine iii. Cytosine
6. Describe the contributions of Rosalind Franklin, Maurice Wilkins, James Watson and Francis Crick to the
discovery of the structure of DNA.
7. IER Find out more about DNA and how knowledge about its structure is being used in research and other
applications. Write five clear examples of this.
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Evaluate and create

8. [EE Assume Watson and Crick used the scientific method to allow them to discover the structure of DNA.
Write an aim and hypothesis they may have used to assist in their discovery.

9. [EHE Investigate more about the history of how we have obtained our genetic knowledge. Present your
findings as a timeline.

10. Investigate, provide examples and evaluate the effect that our increased knowledge about the structure and

function of DNA has had on the following.
a. Our species
b. Other species
c. Our planet

Fully worked solutions and sample responses are available in your digital formats.

2.4 Unlocking the DNA code

LEARNING INTENTION

At the end of this subtopic you will be able to explain how the code in DNA is transcribed into mRNA and then
translated into proteins.

2.4.1 The universal genetic code

Did you know that all living things share the same
genetic letters? This universal genetic language
provides strong evidence that all life on Earth
evolved from one ancient cell line.

FIGURE 2.26 The hierarchical relationship between
the cell, nucleus, DNA and nucleotides

Cell. —> Nucleus —> DNA —> Nucleotides
All DNA is made up of nucleotides and the same
four nitrogenous bases: adenine, guanine, cytosine
and thymine. The order these bases appear is what makes each organism unique.

Like other eukaryotic organisms, DNA is located within the nucleus and mitochondria of your cells. These
differences will be considered later. In this topic, we will focus mostly on nuclear DNA.

DNA provides the blueprint or instructions for proteins to be created, with different sections of DNA (genes)
coding for particular proteins.

proteins molecules, such as

2.4.2 Stepping down the DNA ladder enzymes, haemoglobin and

antibodies made up of amino
Nucleotides are the monomers of nucleic acids. So, like other nucleic acids, DNA acids

molecules are polymers of nucleotides. monomers molecules that are
the building blocks of larger

molecules known as polymers

nucleic acids molecules
Each nucleotide is made up of three parts: a sugar part, a phosphate part and a composed of building blocks

nitrogenous base (refer to figure 2.27). called nucleotides, which are
linked together in a chain
While the sugar (in this case, deoxyribose) and phosphate are always the same for polymers molecules made of

each nucleotide in DNA, the nitrogenous base may vary. The four possible bases in repeating subunits of monomers
DNA are adenine (A), thymine (T), cytosine (C) and guanine (G). joined together in long chains
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FIGURE 2.27 Reviewing the parts that FIGURE 2.28 The different
make up a nucleotide nitrogenous bases in DNA

Phosphate

Deoxyribose (sugar) Nitrogenous base

Nitrogenous
base

Adenine (A)

The nucleotides are joined together in a chain. The sugar and phosphate parts make up the outside frame
and the nitrogenous bases are joined to the sugar parts (refer to figure 2.29). In DNA, two strands, joined by
hydrogen bonds, come together to form a double- stranded DNA molecule (refer to figure 2.30).

FIGURE 2.29 Nitrogenous bases FIGURE 2.30 DNA forming a double
are attached to the sugar part of the stranded molecule
nucleotide.

2.4.3 Nitrogenous bases in pairs

A DNA molecule is made up of two chains of nucleotides. Hydrogen bonds join them at their complementary
(or matching) nitrogenous base pairs. Adenine binds to thymine and cytosine to guanine. This matching of the

nitrogenous bases is often referred to as the base-pairing rule or Chargaff’s rule.

For example, a segment of DNA that has one strand with the code GATTACA would have a complementary

strand of CTAATGT. The bases in its double-stranded view would be as follows:
GATTACA
CTAATGT

DNA molecules have the appearance of a double helix or spiral ladder. Using the
spiral ladder metaphor, DNA could be considered as having a sugar—phosphate
backbone or frame, and rungs or steps that are made up of complementary base
pairs of nitrogenous bases joined together by hydrogen bonds.

2.4.4 Unlocking DNA codes

The sequence of nucleotides in DNA is often described in terms of the nitrogenous
bases that they contain. These are often read in groups of three — this group of three
is known as a triplet (as seen in figure 2.31, with the triplet TAG).
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complementary base pairs in
DNA, specific base pairs will form
between the nitrogenous bases
adenine (A) and thymine (T) and
between the bases cytosine (C)
and guanine (G)

triplet a sequence of three
nucleotides in DNA that can code
for an amino acid



The DNA code is read three bases at a time. Although some of these DNA triplets
code for a start (for example, TAC) or stop (for example, ATT, ATC or ACT)
instruction, most code for a particular amino acid. The triplet GAT, for example,
codes for the amino acid aspartic acid. The process of making proteins will be

further explored in section 2.4.6.

The sequence of these triplets in DNA contains the genetic information to assemble
your body’s proteins from amino acids. This includes all of your hormones,
enzymes, antibodies and many other proteins that are essential for your survival.
One of these triplets (or its bases) being incorrect or missing may result in a protein
not being coded for or produced — which could result in death.

FIGURE 2.32 The links between DNA and proteins

contain

—> Phosphate

Sugar (e.g.

attached to

deoxyribose)

1
! attached to

Nitrogenous

FIGURE 2.31
A triplet is made of
three nucleotides.

— Triplet

Adenine (A)

]
pairs with |

I

DNA — > Nucleotides — base Guanine (G)
made up types of
of pairs with i
used in code ]
Base sequence of Triolet . .
three nucleotides riple Amino acid
codes for
DISCUSSION

All cells of a particular living thing, such as a spider, have the same sets of genetic instructions, but not all of that
organism’s cells have the same structure and function. Suggest what causes this and why cell specialisation is so

important.

2.4.5 Introducing RNA

Like DNA, ribonucleic acid (RNA) is a type of nucleic acid and is made up of

nucleotides. Its nucleotides, however, are different from those of DNA.

Unlike DNA, RNA:

e contains the sugar ribose (instead of deoxyribose)
e contains the nitrogenous base uracil (instead of thymine)

e is shorter and single-stranded, so it can fit through a nuclear pore.

These differences are highlighted in figure 2.33.

amino acid an organic
compound that forms the
building blocks of proteins
ribonucleic acid (RNA) a type of
nucleic acid that contains ribose
sugar

ribose the sugar found in
nucleotides of RNA
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FIGURE 2.33 Comparing the differences between a. DNA and b. RNA

a.
5

DNA

RNA comes in three mains forms: messenger RNA (mRNA), transfer RNA (tRNA) and ribosomal RNA

(rRNA). All are involved the process of protein synthesis.

2.4.6 Protein synthesis: reading the code

As previously introduced, the instructions for making proteins are coded for in the sequence of nitrogenous
bases in DNA. DNA, however, cannot get out of the nucleus because it is too big to fit through the nuclear
pores. So, DNA makes mRNA by a process called transcription. The RNA then moves to a ribosome in the
cytoplasm where the genetic message is translated into a protein in a process known as translation.

FIGURE 2.34 The process of reading DNA to produce a protein

DNA mRNA

instructions N instructions ]
Transcription Translation
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Amino acid
sequence in protein

messenger RNA (mRNA)
single-stranded RNA transcribed
from a DNA template that then
carries the genetic to a ribosome
to be translated into a protein
transfer RNA (tRNA) molecules
located in the cytosol that
transport specific amino acids to
complementary mRNA codons in
the ribosome in the ribosome

ribosomal RNA (rRNA) a special
type of RNA that forms the
structure of ribosomes
transcription the process by
which the genetic message in
DNA is copied into a mRNA
molecule

ribosome organelle found in the
cells of all organisms in which
translation occurs

translation the process in which
amino acids are joined in a
ribosome to form a protein



ACTIVITY: Metaphors and DNA

With increased knowledge and understanding, previous metaphors used to describe DNA are increasingly
appearing to be inadequate in describing its complexities. The double helix, for example, describes its shape but
not its function.

a. Find out more about two of the following metaphors and suggest reasons each is becoming less useful.

¢ Double helix ¢ Alphabet of life
e Computer code of life e Blueprint
e Chemical building block e Book of life

b. In six words or fewer, suggest a metaphor that could be used to communicate what DNA is all about —
especially to those who do not have a background in biology. Provide reasons to support the use of your
metaphor.

2.4.7 Transcription

The first step in making a protein involves the unzipping of the gene’s DNA. When the relevant part of the
DNA strand is exposed (the template strand), a special copy of the sequence is produced in the form of
messenger RNA (mRNA).The process of making this complementary mRNA copy of the DNA message is
called transcription.

The steps of transcription

In the process of transcription:

1. DNA is unzipped (the two strands are separated).

2. One strand is used as a template strand.

3. RNA nucleotides that are complementary to the DNA template are added to form a mRNA strand using a
special enzyme known as RNA polymerase. (The complementary mRNA codon for the start triplet TAC in
DNA, for example, would be AUG.)

4. The newly synthesised mRNA is released from the template.

For example, a DNA template with the sequence TACGACG would be transcribed into mRNA as AUGCUGC.
Remember, there is no T in RNA — it is instead replaced with a U.

FIGURE 2.35 Using a DNA template to FIGURE 2.36 A section of the DNA unzips so that the
make an mRNA transcript mRNA copy can be made.
DNA - message
template I ST mRNA
unzips exposed copied as
RNA

As its name suggests, messenger RNA (mRNA) passes through the pores of the nuclear membrane into the
cytoplasm to take its genetic copy of the protein instruction message to ribosomes. These may be free floating
in the cytosol or attached to the rough endoplasmic reticulum.

During transcription, an RNA molecule is formed with bases complementary to the DNA’s base sequence.

When transcription finishes, modifications are made to the DNA before it leaves the nucleus. A special
cap and tail are added to either side of the mRNA. Sections of DNA known as introns are removed (non-
coding sequences), leaving sections called exons (which have the information required to form a protein
in translation).
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FIGURE 2.37 Summarising the process of transcription

) (2) ©)

DNA is separated to two RNA polymerase adds New synthesized
strands of the DNA helix. RNA nucleotides complementary mRNA
strand is formed. The RNA exits to
A At the cytoplasm through
the nuclear pore

—_——— e
double
stranded
DNA
messe!nger RNA
(MRNA)
Resources

Video eLesson Transcription (eles-4167)

Interactivity Transcription (int-8125)

2.4.8 Translation

Ipsa scientia potestas est. Unless you speak Latin, you will need some help to translate this sentence! Once
it is translated, you can then do something with it. This is similar to the meaning of the sentence: Knowledge
itself is power.

Once the mRNA has reached the ribosome, its message needs to be translated into a protein. The mRNA is
read is groups of three. This group of three is known as a codon. Each codon provides the instructions to add a
specific amino acid, as shown in figure 2.38.

The ribosome and another type of molecule called transfer RNA (tRNA) are involved
in this process. tRNA already located in the surrounding cytosol collects and
transfers the appropriate amino acid to its matching code on the mRNA. These amino codon sequence of three
id oined t ther b tide bonds t k tein ( 1 tide) bases in mMRNA that codes for a
acids are joined together by peptide bonds to make a protein (or polypeptide), as g g
seen in figure 2.38.

The steps of translation

In the process of translation:

1. mRNA enters the ribosome and is read one codon at a time (always starting with AUG).

2. A tRNA molecule brings the matching amino acid for the codon to the ribosome. The amino acid is
determined by the codon chart, as seen in figure 2.38.

. The appropriate amino acid is added to form a protein (or polypeptide).

. The next codon is read, and another amino acid is added.

. Amino acids continue to be added, joining together as a protein.

. When a STOP codon is reached, translation stops and the new protein is released.

(o234 I ()
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FIGURE 2.38 Amino acid codon chart. AUG is the start codon and is usually first in an mRNA sequence.
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So, for example, if a mRNA code FIGURE 2.39 mRNA codons code for particular amino acids.
(shown in figure 2.39) is:
Messenger RNA m /2
AUG - UAC - GGU 7 g g
The amino acids in this protein
would be (in order)
Met — Tyr — Gl )
y y Polypeptide Methionine . 7
chain (start) Tyrosine Glycine

FIGURE 2.40 The process of translation

Amino acid

Ribosome

Newly formed protein
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Each tRNA molecule (as shown in figure 2.40) has three bases called an anti-codon. This anti-codon is
complementary to the codon on the mRNA (for example, if the codon is CAU, the anti-codon is GUA). This is
what enables the tRNA to ensure the correct amino acid is being delivered.

Resources

Video eLesson Translation (eles-4168)

Interactivity Translation (int-8126)

2.4.9 Precious proteins
FIGURE 2.41 Summarising the process of protein Why are proteins so important?
ewbk-5354 synthesis Proteins form parts of cells, regulate many cell

activities and even help defend against disease.

e Your heart muscle tissue contains special proteins
'?‘\ P that can contract, enabling blood containing
IIWM}[ haemoglobin and hormones to be pumped through
your body. Haemoglobin is a protein that carries
oxygen necessary for cellular respiration.
mREﬂj‘mme e Many hormones are proteins. Insulin, glucagon and

° o ® adrenaline, for example, are hormones that influence
Amino acid activities of your cells.
e Enzymes are also made up of protein and can be

% involved in regulating metabolic activities such as

int-8127

DN

D

Nucleus @ Transcription

Translation

tRNA% Protein_e those in chemical digestion and respiration.

P4 e Antibodies are examples of proteins that play a key
role in your immune system in its defence against
disease.

Ribosome

Plants also rely on proteins for their survival. Their
growth and many other essential activities are
regulated by hormones (such as auxins) and enzymes.

The production of proteins or polypeptides through transcription and translation is a carefully regulated
process. The formation of proteins through this process is vital for the survival of all organisms — from single-
celled bacteria to complex organisms such as humans.

ACTIVITY: Rhymes of protein synthesis

Rhymes such as the following help us remember new information. Read or sing it, spelling out the triplets and
codons with your fingers. Create your own rhyme about protein synthesis.

DNA is in my genes DNA bases read times three ATT, ACT, ATC

Tells me how to make proteins Always starting with TAC Stop making proteins for me
Got my genes from Mum and Dad mRNA codon would be AUG mRNA codons for this would be
Mixed them up and made me glad DNA ftriplets tell the story of me UAA, UGA, UAG

DNA is in my genes DNA bases read times three Always in a group of three

Tells me how to make proteins Always starting with TAC Stop making proteins for me

2.4.10 Switched on or off?

Different genes are responsible for different characteristics, such as the colour of flower petals, the markings
on a snail shell, or a person’s blood group or eye colour. Every body cell in an organism has the same set of
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genes, called a genome, but not all genes are active. When genes are ‘active’ they are able to produce a protein
and when genes are ‘inactive’ they do not produce the protein product coded for by the gene.

Some have to be switched on to act and some have to be switched off at different stages in the life of a cell.
This is why hairs do not grow on the stomach lining and cheek cells do not grow on toenails.

Resources

eWorkbook Protein synthesis (ewbk-5356)

Video eLesson Protein synthesis (eles-4295)

assessﬁm Additional automatically marked question sets

2.4 Exercise learn

To answer questions online and to receive immediate feedback and sample responses for every question, go to
your learnON title at www.jacplus.com.au.

Select your pathway

LEVEL 1 LEVEL 2 LEVEL 3
Questions Questions Questions
1,2,5,6,12 3,4,7,10, 14 8,9,11,13,15

Remember and understand

1. State whether the following statements are true or false. Rewrite any false statement to make it true.

a. The instructions for making proteins are coded for in the sequence of nitrogenous bases in DNA.

b. The triplet code in mRNA is referred to as an anti-codon.

c. The process of making a complementary mRNA copy of the DNA message is called translation.

d. mRNA passes through the pores of the nuclear membrane into the cytoplasm to take its genetic copy of the
protein instruction message to ribosomes, which may be free floating in the cytosol or attached to the rough
endoplasmic reticulum.

e. tRNA transfers the appropriate amino acid to its matching code on the mRNA, and then these amino acids
are joined together by peptide bonds to make a protein.

2. ldentify the correct term for each of the following abbreviations:
a. mRNA b. tRNA c. DNA
3. Match the term(s) to their description in the following table.

a. AT GC A. Building blocks that make up DNA

b. A, U,G,C B. Complementary base that pairs with thymine in DNA

c. Adenine C. Complementary base to adenine in RNA

d. Nucleotide D. First step in protein synthesis that results in the production of mMRNA

e. Ribosome E. Four possible types of nitrogenous bases in DNA

f. Phosphate F. Four possible types of nitrogenous bases in RNA

g. Transcription G. Second step in protein synthesis that results in production of a protein

h. Translation H. Site of protein synthesis

i. Triplet . The sequence of three nucleotides in DNA that code for a particular amino acid
j- Uracil J. The part of a nucleotide identical in DNA and RNA
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4. What is meant by the base-pairing rule? Use a diagram in your response.
5. Explain the importance of protein synthesis.

Apply and analyse
6. A section of the DNA code, showing triplet, codon and amino acids, is shown in the following table.

TABLE DNA triplets and corresponding mRNA codons and amino acids

AAT UUA Leucine (leu)
ACG UGC Cysteine (cys)
TAC AUG Start/methionine (met)
ATT UAA Stop

CGG GCC Alanine (ala)

CAT GUA Valine (val)

ATG UAC Tyrosine (tyr)
CCA GGU Glycine (gly)

A template strand of DNA is found to be:
TAC CAT CGG CCA ATG ACG CGG CGG ATT

Use the provided amino acid table to suggest the following.
a. The corresponding mRNA strand
b. Amino acids sequence for the protein formed
c. The anti-codons that match each codon
7. Part of a protein was found to have the following sequence of amino acids:

met — val — ala — gln — lys — trp

Identify four possible mMRNA sequences that could lead to the production of this protein.
8. [EEM A section of the same gene in three separate species is shown. (Note: these are from the template
strands used in transcription.)

Human: AAA GCG GCA
Chimpanzee: AAG GCC GCT
Gorilla: AAA ACG TCA

a. How many differences appear in the DNA sequence between both the chimpanzee and gorilla from
humans?

b. Transcribe and translate each of these DNA strands.

c. How many differences appear in the amino acid sequence between both the chimpanzee and gorilla from
humans?

d. Is this the same as your findings in part (a)?

9. All cells of a particular living thing, such as a spider, have the same sets of genetic instructions, but not
all of that organism’s cells have the same structure and function. Suggest what causes this and why cell
specialisation is so important. Discuss your response.

10. Create a table showing the differences between transcription and translation. Ensure you show the location,
inputs and outputs of each process.
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Evaluate and create

11. [BE Scientists have discovered a gene switch that has restored youthful vigour to ageing, failing brains
in rats. Results from investigations suggest an ‘on switch’ for genes involved in learning. Injection of
an enzyme flips the switch on and improves the learning and memory performance of older rats. Find
out more about this type of research or other research that involves switching on genes. Discuss your
findings.

12. Construct a Venn diagram or matrix table to summarise the similarities and differences between the following.
a. DNA and RNA b. Codons and triplets

13. Construct flowcharts, diagrams or concept maps to show connections or links between the following terms.
a. Nitrogenous base, sugar, phosphate, deoxyribose, ribose, DNA, RNA, uracil, thymine, guanine,

cytosine, adenine

b. DNA, mRNA, transcription, translation, amino acids, protein

14. [BHE One of the longest genes to transcribe is the DMD gene, which codes for a protein known as
dystrophin. The gene itself makes up around 0.08 per cent of the human genome. Data for this gene is
shown in the provided table.

TABLE Data on the DMD gene in humans

Gene 2.3 million bases (2.3 megabases)
Primary transcript 2.1 million bases (2.1 megabases)
Mature transcript 14 000 bases

Protein 3685 amino acids

a. Why is the length of the primary transcript smaller than the length of the gene?

b. Why is the length of the mature mRNA transcript shorter than the primary mRNA transcript? Draw a clearly
labelled diagram to show this.

c. The gene for dystrophin takes around 16 hours to be transcribed. If this same rate of transcription was used
to transcribe the CFTR gene (which is approximately 190 000 bases long), what length of time would this be
expected to take?

15. BRI Muscular dystrophy is a disease in which the DMD gene contains a mutation, affecting the production
of the dystrophin protein. The two forms of this disease are Duchenne (DMD) and Becker (BMD). Examples
of the different causes of these muscular dystrophies are shown in the table provided.

TABLE The number of exons and amino acids in different genes

_ Number of exons in mature mRNA Amino acids in dystophin protein

Normal 79 3685
DMD 79 940
BMD 70 3200

a. Draw a column graph showing the number of exons and the amino acids for each scenario.

b. DMD is more severe than BMD, with individuals wheelchair bound much earlier. Those with DMD also have
a much lower life expectancy. Using the results shown and your knowledge of the genetic code, suggest a
reason this might be the case.

Fully worked solutions and sample responses are available on your digital formats.
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2.5 Changing the code through mutations

LEARNING INTENTION

At the end of this subtopic you will be able to describe the relationship between DNA, chromosomes and
mutations, and outline the factors that contribute to causing mutations.

2.5.1 What are mutations?

Errors or changes in DNA, genes or
chromosomes can have a variety of
consequences. These genetic mistakes are
called mutations.

FIGURE 2.42 Polydactly is often caused by a DNA mutation

Polydactyly (meaning many digits and related
to having more than ten fingers and toes) is
usually due to a DNA mutation.

Resources

Video eLesson  Polydactyl cat (eles-2698)

2.5.2 DNA replication

DNA is very stable and can be replicated into exact copies of itself. This process is called DNA replication

and enables genetic material to be passed on unchanged from one generation to the next. DNA replication

begins with the ‘unzipping’ of the paired strands. A new complementary strand is made for each original DNA
strand. This results in the formation of two new double-stranded DNA

FIGURE 2.43 DNA replication molecules, each containing one new DNA strand and one original
is semi-conservative — a DNA strand. This process is vital in cell division, occurring during
combination of original (blue) interphase both at the start of mitosis and meiosis.

and new (purple) strands. o )
The process of DNA replication has a number of checkpoints to test

for any mistakes that may be made, so that they can be corrected or
destroyed. Sometimes, however, the mistakes get through this screening
process. When this happens, we say that a mutation has occurred.

2.5.3 Mutagenic agents

mutations changes to DNA
Mutations can happen by chance or have a sequence, at the gene or

. chromosomal level
particular cause.

. DNA replication process that
e When the cause of the mutation cannot results in DNA making a precise

be identified it is called a spontaneous copy of itself

mutation. spontaneous mutation a
mutation of DNA that cannot be
explained or identified

induced mutation a mutation of
DNA in which the cause can be
identified

mutagen agent or factor that
can induce or increase the rate of
mutations

o When the cause can be identified it is
referred to as an induced mutation.

A factor that triggers mutations in cells is called
a mutagen or mutagenic agent.

Arrows denote direction of synthesis.
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Examples of mutagenic agents include:

e radiation, such as ultraviolet radiation, nuclear radiation and . o
X in cancerous growths (tumours) within
-rays

i ) your body, shown as foggy areas here.
e chemical substances, such as formalin, asbestos, tobacco and

benzene (which used to be common in pesticides) ,

e infectious agents, such as human papillomavirus (HPV).

FIGURE 2.44 Mutations may result

As a result of the thinning of the ozone layer in the atmosphere, we are
exposed to increasing amounts of UVB radiation that can damage (or
mutate) our DNA. This can lead to the development of skin cancers.
Protective clothing and sunscreens can help reduce our exposure to this
dangerous, potentially mutagenic environmental radiation.

-y

Resources

Video eLesson DNA and Hiroshima (eles-1781)

2.5.4 Errors in the code

Changes in the genetic code due to mutations may result in a particular protein not being made or a faulty version
being produced.

In some cases, the production of an essential enzyme may be impaired, disrupting chemical reactions and
resulting in the deficiencies or accumulation of other substances. This may cause the death of the cell and,
eventually, the organism.

FIGURE 2.45 Different types of mutations
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Point mutations

Occasionally, errors can occur during DNA replication as DNA is being copied. This means that the
instructions carried by the code are not followed exactly.

This may be the result of:
e an incorrect pairing of bases
o the substitution of a different nucleotide
e the deletion or insertion of a nucleotide.

The mutation, where a single nucleotide is affected, is known as a point mutation. Such a point mutation can
change the genetic message by coding for a different amino acid, leading to the production of a different or
non-functional protein through the process of protein synthesis (as explored in subtopic 2.4). The deletion or
insertion mutations are often more serious because they can cause a frameshift, altering the groups of three

in which the sequence is usually read. This can have severe consequences for not just the phenotype of the
organism, but also its survival.

Just like changing letters in a word can change its meaning (as seen in table 2.2), changes in the DNA
sequence can change the meaning of the genetic code.

TABLE 2.2 Analogy of how mutations lead to a change in meaning from an initial message. The initial message
of ‘post’ is changed with the insertion, deletion, inversion or substitution of letters (shown in bold).

I S N T T

post poster pots pest

Types of point mutations
Substitution mutations

One of the most common point mutations is that of a substitution mutation, in which one base is replaced
with another.

Substitution mutations can be one of three types:
e Missense mutations: where one amino acid is swapped for another (as seen in
sickle-cell anaemia, outlined in the case study). point mutation a mutation at
e Silent mutations: no change occurs in the amino acid. one particular point in the DNA

. c g . sequence, such as a substitution
e Nonsense: where an amino acid is changed to a STOP codon (causing a or(:in gle|base deltion of insertion
shortened protein).

CASE STUDY: Sickle-cell anaemia

Sickle-cell anaemia is a disease that is usually associated with a mutation in the gene that codes for one of
the polypeptides that make up haemoglobin in red blood cells. In this mutation, an adenine base is substituted
by a thymine base. The result is a phenotype of misshapen red blood cells that can clump together and block
blood vessels.
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TABLE 2.3 Exploring mutations in sickle-cell anaemia

Normal red blood cell Sickle-cell red blood cell

Coding DNA sequence CTG ACT CCT GAG CTG ACT CCT GTG
(complementary)

Template DNA sequence GAC TGA GGA CTC GAC TGA GGA CAC
Complementary RNA CUG ACU CCU GAG CUG ACU CCU GUG
sequence

Amino acid sequence leu — thr — pro — glu leu — thr — pro — val
Phenotype of red blood Normal doughnut-shaped blood cell Sickle-shaped blood cell
cell

Frameshift mutations

Another type of mutation that may result from additions or deletions is a frameshift mutation. In this case,
every amino acid from that point is altered, leading to a completely different amino acid code.

Imagine the following sentence:
THE FAT CAT SAT
The insertion of one ‘letter’ completely changes the groups of three letters, so the sentence now reads:
THT EFA TCA TSA T

These mutations change the amino acid sequence drastically, because they alter all the codons after the
mutation. Examples of these mutations can be seen in table 2.4.

TABLE 2.4 Examples of frameshift mutations

e o™ et ™ poiton

Coding DNA sequence CTG ACT CCT CTAGACTCCT CGACTCCT
(complementary)

Template DNA sequence GAC TGA GGA GAT CTG AGG A GCT GAG GA
Complementary RNA sequence CUG ACU CcCU CUA GAC UCCU CGA CUC CU
Amino acid sequence leu — thr — pro leu — asp— ser arg — leu

Chromosomal mutations

Point mutations relate to changes in the DNA sequence in genes; however, mutations can also involve
chromosomes. These changes may involve the addition or deletion of entire chromosomes, or the deletion,
addition or mixing of genetic information from segments of chromosomes. Some examples of disorders that
result from chromosome mutations are shown in table 2.5.
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TABLE 2.5 Examples of human chromosome abnormalities (mutations). The risk of these mutations increases

with maternal age.

Chromosome abnormality

Resulting disorder

Incidence (per live births)

Extra chromosome number 21 Down syndrome 1in 700
Missing sex chromosome (XO) Turner syndrome 1in 5000
Extra sex chromosome (XXY) Klinefelter syndrome 1in 1000

FIGURE 2.46 Two examples of karyotypes with chromosomal abnormalities

Down syndrome karyotype Klinefelter syndrome karyotype
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2.5.5 Mutants unite!

Not all mutations are harmful. Some mutations can increase the
survival chances of individuals within a population, and hence
the survival of their species. Other mutations (such as that seen in
figure 2.47) are neither harmful or beneficial to individuals who
possess them.

Spray resistance

Pesticides kill the majority of insects sprayed. Some insects within
the population, however, may survive because they possess slight
variations or mutations in their genes that give them resistance to the
pesticide. The mutated gene in the surviving insects is passed on to
their offspring, who gain that resistance too. While the insects without
the resistance die out, those with resistance increase in numbers.

Good for you, but not for me
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FIGURE 2.47 Heterochromaia
(different eye colours) often occurs in
somatic cells and is not inherited.

When we look at natural selection as a mechanism for evolution in topic 3, we see how mutations can be a
very important source of new genetic material. While such mutations can be beneficial for the survival of the
species under threat, they are not necessarily beneficial to humans. The resistance of bacteria to antibiotics,
for example, has resulted in selection for antibiotic-resistant bacteria. This means we are unable to use these
antibiotics to treat diseases caused by these resistant bacteria, because the drugs are no longer effective.

Malaria and sickle-cell mutation

Malaria is a disease that is very common in many parts of Africa, Asia and South America. It is caused by a
parasite that is transmitted by a species of mosquito. When the mosquito bites an individual, the parasite then
grows in red blood cells of its human host. This disease is one of the main global causes of human disease-

related deaths.
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The mutation that results in sickle-cell anaemia can increase your resistance to malaria. If you are a carrier for
this trait, the parasite cannot grow as effectively in your red blood cells, which means you are less likely to die
from malaria than people in the population without the allele.

2.5.6 Not all mutations are inherited

Only mutations that have occurred in the germline cells such as the sex cells or gametes (sperm and ova) are
inherited. In sexually reproducing organisms, mutations that occur in somatic cells are not passed on to the
next generation.

Resources

eWorkbook Mutations (ewbk-5358)

Video eLesson Types of mutations (eles-4214)

Weblink Scientists warn against vitamins
assessﬁm Additional automatically marked question sets
2.5 Exercise learn

To answer questions online and to receive immediate feedback and sample responses for every question, go to
your learnON title at www.jacplus.com.au.

Select your pathway

LEVEL 1 LEVEL 2 LEVEL 3
Questions Questions Questions
1,2,6,7 3,4,8,10,13 5,9,11,12, 14

Remember and understand

1. State whether the following statements are true or false. Rewrite any false statements to make them true.
a. Mutations in both germline and somatic cells are passed on to the next generation.
b. Errors or changes in DNA, genes or chromosomes are called mutations.
c. Radiation (for example, ultraviolet radiation, nuclear radiation and X-rays) is not considered to be a mutagenic
agent.
d. Changes in the genetic code due to mutations may result in a particular protein not being made or a faulty
version being produced.
e. If you are a carrier for sickle-cell anaemia, the malaria parasite cannot grow as effectively in your red blood
cells, which means you are less likely to die from malaria than people in the population without the allele.
f. All mutations are harmful.
. Name the process by which DNA makes copies of itself.
. Explain why the model used to describe the process identified in (a) is called semi-conservative. Include a
diagram in your response.
. Explain why it is important for DNA replication to produce exact copies of the original DNA.
. Describe what is meant by the term mutagenic agent. Provide an example.
. Distinguish between the terms spontaneous mutation and induced mutation.
. ldentify two disorders associated with chromosome mutations.
. Describe two examples of mutations that can increase chances of survival.
utline the relationship between sickle-cell anaemia and mutated DNA.

n
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Apply and analyse

5. a. Explain the difference between a missense, nonsense and silent mutation.
b. An initial DNA template strand is as follows: AAA GCG TAC.

If the second adenine (A) is changed to a guanine (G), what type of mutation has occurred (refer back to the
genetic code on figure 2.38).

c. How does this type of mutation differ from a frameshift mutation? Which would be more likely have
significant effects?

6. Are mutations always detrimental? Provide an example to justify your response.
7. IEEM Suggest why radiographers wear special protective clothing and use remote controls for taking X-rays.
8. [E& The karyotype shows an individual with Turner syndrome.

Turner syndrome karyotype
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a. Describe how this karyotype differs from that of a normal human karyotype.
b. Suggest how this mutation may have resulted.
9. The karyotype in figure 2.46 shows an individual with Down syndrome.

a. Describe how this karyotype differs from that of a normal human karyotype.

b. Suggest how this mutation may have resulted.
Search online for Down syndrome research. Use your own knowledge and information found to answer the
following questions.

c. Suggest why the DSCR1 gene is of importance.

d. On which chromosome is the DSCR1 gene located?

e. Outline the advantage suggested by the research of possessing an extra copy of the DSCR1 gene.

10. [EE Research and report on one of the following topics.

¢ Antibiotic resistance and bacteria

¢ Pesticide resistance and insects

¢ Sickle cell anaemia, malaria and heterozygote advantage

e Antioxidant vitamins, brightly coloured vegetables and mutations

e Breast cancer and the BRCA gene

Evaluate and create

11. Over the years, considerable debate has occurred over the use of taking vitamin supplements. James
Watson, one of the scientists who proposed the double helical structure of DNA, is of the opinion that taking
high doses of some vitamins can interfere with cancer treatment.

a. Access the Scientists warn against vitamins weblink and read the article.
b. Summarise the key points.

c. Use the internet to find evidence for or against James Watson’s claims.

d. Outline and justify your own opinion.

12. [EE Some people claim that eating brightly coloured fruits and vegetables that are high in antioxidants can

reduce the occurrence of mutations within your body.

a. Research this claim and summarise your findings.

b. Formulate a relevant hypothesis that could be investigated scientifically, including identification of
independent, dependent and controlled variables.

c. To enable collection of reliable data to test your hypothesis, design an investigation that also addesses any
safety or ethical issues.

d. Describe results from your investigation that would support your hypothesis.
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13. [EE The following graph shows the frequency of 0.03

children being born with Down syndrome based on
maternal age.

Carefully examine the graph. DS is abbreviated for
Down syndrome.

a.

f.

9

0.02—
State the axis label of the

i. x-axis

ii. y-axis.

Suggest how you could improve the axis labels.
Suggest a title for the graph.

What do you think the fractions in the graph
represent?

Formulate a hypothesis that would be relevant to

0.01—

Frequency of DS per live births

0.00

the graph.
Describe the pattern or trend.
Suggest an interpretation of the data.

14. [EH Carefully examine the provided graph on the rate
of sex-linked mutations in differing levels of radiation.
a. State the axis label (including the units) of the

b.

e

i. x-axis ii. y-axis.

In the graph, identify the

i. independent variable

ii. dependent variable.

Suggest a title for the graph.

Explain what is meant by a sex-linked mutation.

Use the graph to estimate the rate of sex-linked mutations at 2000
Roentgen units of radiation.

Suggest a reason for the use of error bars on the graph.
Formulate a hypothesis that would be relevant to the graph.
Describe the pattern or trend. Incorporate the axis labels in your
description.

Suggest an interpretation of the data.

Propose a question that could be used to focus further relevant
research.

Fully worked solutions and sample problems are available in your
digital formats.

Age of mother

The rate of sex-linked mutations
in differing levels of radiation

15004

1000+

500+

A

Sex-linked mutations (rate per 10* gametes)

' 2000 ' 4000 ' 6000
Radiation (Roentgen units)

2.6 Exploring patterns in the genome and genetic
seguences

LEARNING INTENTION

At the end of this subtopic you will be able provide examples of how advances in technology have enabled us to
sequence the human genome and explore patterns in our genetic sequences.

2.6.1 Who do you think you are?

You are incredibly special. Much of who and what you are is determined by genes. Genes determine many of
the traits and characteristics that make you, you.

As a result of rapid advances in technology, the time and cost of the sequencing of your genes has
dramatically reduced. As a consequence, huge amounts of genetic information is being generated.
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Will you be one of the new generation of scientists who
combine genetics and bioinformatics to make sense of
how variations in our genetic sequences can affect not

just what we look like, but also our health? Aol Sl &g

il r”\:'h\:lll!\rll.lllll. W W e

FIGURE 2.48 Your genome is what makes you
unique.
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2.6.2 DNA sequencing
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the addition of nucleotides that have been tagged with )
fluorescent dyes. A different coloured dye is used to
tag each type of nucleotide (containing A, T, C or G).
Some of the tagged nucleotides will attach to the DNA sample fragments. Light signals from these tagged

nucleotides are detected. Computers then analyse this data and construct the DNA sequence of the sample.
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The automation and use of computer analysis in DNA sequencing is an example of bioinformatics,
because it involves the use of computer technology to manage and analyse biological data. The technology
related to DNA sequencing is still developing and soon (if not already), millions of sequences may be able
to be determined at the same time. What new scientific discoveries will result?

Similar to DNA sequencing, the genes themselves can be sequenced. Gene sequencing identifies the order of
nucleotides along a gene.

FIGURE 2.49 DNA FIGURE 2.50 A DNA sequencing machine. These machines are capable of
sequencers identify processing huge numbers of DNA sequences. One machine can sequence
the base sequence 400 to 600 million bases over a 10-hour run.
of sections of a DNA
fragment.
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2.6.3 What is a genome?

A genome is the complete complement of genetic material in a cell or organism.
Although there may be small variations within the members of a species, each

species has a unique genome. The study of genomes is

The genome size is often described in terms of the total number of base pairs (or
bp). Due to the size of genomes, sometimes the genome size is described in mega

called genomics.

organism

base (Mb) pairs, with one mega base pair equal to a million base pairs.

2.6.4 The Human Genome Project

Completed in 2003, the Human Genome Project
(HGP) was an international investigation to identify,
sequence and study the genetic instructions within
humans. The key findings from the HGP were that

the human genome has a size of around three billion
base pairs (or 3000 Mb) and contains around 20000 to
25000 genes. It was also found that all humans share
about 99.9 per cent of their DNA. The complexity of
this can be seen in figure 2.51.

As a result of the HGP, we now know the number,
location, and sequence of human genes. This new
knowledge may lead to developments in the diagnosis
and treatment of genetic diseases, and in our
construction of evolutionary relationships between
organisms. But is there also cause for concern? Who
will have access to the information and how will it be
regulated?

(HGP)

FIGURE 2.51 a. The print-out of the HGP in the
Wellcome Collection’s ‘Medicine Now’ exhibition
contains 116 volumes. b. One page from the
chromosome 6 volume. Note the very small typeface.

DISCUSSION

Now that the human genome has been
sequenced, it poses many different questions,
such as those outlined in figure 2.52.

Discuss your ideas around each of these
questions.

What are some other considerations that
should be made around benefits and possible
issues around the sequencing of the genome?

o H e
& How mignt ingyran =

c
- '(% testing be
¥ = /7 Who should bear | 3, | Mandatory? 19km
Should research -*'/ the cost of genetic | & =
databases be used to % research? = profits
determine ‘normality’? it theree::amh genetic
1 m
: hould employers m;.abases, who should

FIGURE 2.52 Different issues are related to
sequencing the genome
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2.6.5 We’ve all got genomes!

Sequencing a genome can be costly, so not all
organisms have been sequenced. Often the decision
may be based on a commercial or research focus.
After the sequence of the bases within the genome
has been completed, computers are used to analyse
it to identify the genes it contains. Although the
bases within the sequences are universal (the same
across all organisms), both the genome size and
the number of genes it contains vary between
organisms.

The study of various genomes has revealed that
the same genes that cause a fly to be a fly are

also used to make a human a human. Parts of our
genome are virtually interchangeable with those

of our close primate ‘cousins’ — with human and
chimpanzee genomes differing less than 2 per cent.
Rather than revealing the source of our diversity
and uniqueness, knowledge of our genome has
brought us closer to that of other life on Earth.

FIGURE 2.53 Comparing the genome sizes (and the
year they were sequenced) of different species. What
trends and patterns can you see?

human
Homo sapiens

fruit fly
Drosophila

[
;12 Million |  melanogaster g,
L] 'S

L _rb_Q_._r"l - ;.'- il - _ -

brewer’s
nematode worm yeast
Caenorhabditis Saccharomyces
elegans cerevisiae

DISCUSSION

genome maps maps that

Since mice and humans diverged from a common ancestor millions of years ago,
most of the DNA that codes for functional genes has remained similar, whereas
the non-coding DNA has mutated and is now extremely different. What might
the purpose of this non-coding DNA be? Why do you think the functional genes

remained similar?

describe the order and spacing of
genes on each chromosome
linkage analysis use of markers
to scan the genome and map
genes on chromosomes

2.6.6 What are genome maps?

Genome maps describe the order of genes and the spacing between them
on each chromosome.

A team of scientists at the Walter and Eliza Hall Institute in Melbourne are
using statistical models and fast computers to identify possible locations
of particular genes within genomes. Information from families in the
investigation is collected so that pedigrees can be constructed. They then
use markers to scan the genome and perform a linkage analysis in their
attempt to map the gene.

The locus for the cystic fibrosis gene is on chromosome 7. This
chromosome is shown in figure 2.54. Polydactyly, cystic fibrosis and one
form of colour blindness are linked genes — they are located on the same
chromosome.

The team analyse the pedigree, trait and genotyping information

using probability models that measure the significance of the linkage.
Linkage analysis has already proved successful in mapping the genes for
Huntington’s disease, muscular dystrophy, and the breast cancer genes
BRCAI and BRCA2.
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genes located on human
chromosome 7
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SCIENCE AS A HUMAN ENDEAVOUR: Fast computers, statistical genetics and markers

Statistical methods have been used to establish gene linkage and estimate recombination fractions (due to crossing
over in meiosis) since the 1930s. British scientists Julia Bell and John Haldane were the first to establish linkage
between haemophilia and colour blindness with X-linked genes in 1937, and Jan Mohr found linkage between blood
group types on an autosome in 1954. Figure 2.55 shows genomes maps for human chromosomes 19 and 20.

FIGURE 2.55 Genome map of chromosome 19 and 20. One gene that can be seen is BCAS1, which codes
for breast carcinoma-amplified sequence 1. This gene is often amplified in individuals with breast cancer.
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Molecular markers — to map

It was not until around 1980 that DNA sequence differences were used as molecular markers. The combination
of these new markers with the use of restriction fragment length polymorphisms
(RFLPs), new multi-locus mapping methods, suitable algorithms, and the affordability

A L. ) . restriction fragment length
and availability of fast computers revolutionised human genetic mapping.

polymorphisms (RFLPs)
variations in the lengths of DNA

Polymerase chain reaction — to amplify fragments in individuals with
different alleles of a gene

In the late 1980s, the polymerase chain reaction (PCR) technique was beginning polymerase chain reaction

to revolutionise molecular genetics. This technique enabled amplification of tiny (PCR) a process which amplifies

amounts of DNA, increasing the amount and hence the depth to which it could be small amounts of DNA

studied, including those associated with inherited diseases. molecular genetics study of

genetics at a molecular level

4
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FIGURE 2.56 During PCR, DNA is doubled after every cycle

1st cycle 2nd cycle 3rd cycle 30th cycle
= .
[r————al
—
[
—> I = .
—|_> /
Template DNA [
(single copy) ~ -
- .
=
m
f \
L -
] L
=
| I—
]
Denaturation Annealing Extension AN _-
21 = 2 copies 22 = 4 copies 23 = 8 copies 230 = 109
copies
SNPs — more markers
More recent research has focused on single FIGURE 2.57 SNPs are single nucleotide substitutions.

nucleotide polymorphisms (SNPs). SNPs
(pronounced ‘snips’) are variations in your
genome in which a single nucleotide has been
substituted. More than 10 million SNPs have
already been mapped in the human genome.

With advances in technology, identification of
SNPs within specific genes is becoming more
accessible and affordable. This knowledge can

be used to guide lifestyle and medical treatment
choices. Who do you think should have access to
this genetic information? How might others use it?

From HCG to International HapMap Project

The International HapMap Project aimed to describe patterns between human genetic variation, and health and
disease. The HapMap is an abbreviation for ‘haplotype map’. A haplotype is the inherited block of several SNPs
(single nucleotide polymorphisms) together on a chromosome. The HapMap describes haplotypes, their locations
in the genome and their frequency in different populations. A variety of other projects and research groups are
now working with this aim. What will they discover and what impact will it have on your future?

2.6.7 Epigenetics

single nucleotide

While the HGP and its technologies provided us with information about the sequence polymorphisms (SNPs) genetic
of DNA, it is only part of the story. differences between individuals
that can result from single base
To understand more about its function, we may also need to know more about changes in their DNA sequences
the DNA of our ancestors. Maybe environmental triggers can switch on or off epigenetics the study of the

effect of the environment on the

. N . . :
particular genes? If some of these involve lifestyle triggers, could the events our SR o g

ancestors experienced affect us? Epigenetics suggests that this may be the case.
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Epigenetics suggests that some environmental exposures or experiences may chemically modify your DNA by
‘switching’ it on or off, and that this modification can be inherited. For example, your great-grandmother may
have experienced something that resulted in a gene being switched on (when it was previously switched off).
This change could then have been inherited by the next generation.

FIGURE 2.58 How various epigenetics factors affect the expression of genes
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@ / Histone
\ Histone tail
\\@

DNA accessible,
gene active

Acetylation
Methyl group (epigenetic factors)

(epigenetic factors)

T~ . DNA inaccessible,
\ gene inactive

Methyl group
binds only to cytosine

DISCUSSION

Imagine that the results of a personal genome scan suggested that you have a 25 per cent chance of developing

a particular disease.

1. If you were told that environmental factors (such as diet and exercise) were more important than possessing
the gene for this disease, how would this affect your future lifestyle?

2. Share your decision and justification with others.
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Resources

Weblinks Epigenetic transformation — you are what your grandparents ate
The Human Genome Project

assessﬁm Additional automatically marked question sets

2.6 Exercise learn

To answer questions online and to receive immediate feedback and sample responses for every question, go to
your learnON title at www.jacplus.com.au.

Select your pathway

LEVEL 1 LEVEL 2 LEVEL 3
Questions Questions Questions
1,5,6 2,4,7,8 3,9,10

Remember and understand

1. State whether the following statements are true or false. Rewrite any false statement to make it true.
a. A genome is the complete complement of genetic material (in a haploid set of chromosomes) in a cell
or organism.
b. Variations in genetic sequences can affect not just what we look like but also our health.
c. As aresult of rapid advances in technology, the time and cost of the sequencing of genes has dramatically
increased.
d. Because each species has a unique genome, all humans have the same genome.
2. Match the term with its description in the following table.

a. Chromosome A. A segment of double-stranded DNA that contains information that codes for the
production of a particular protein

b. Epigenetics B. More than 10 million of these variations in which a single nucleotide has been
substituted have been mapped in the human genome

c. Gene C. The complete complement of genetic material in a cell or organism

d. Genome D. The structure on which genes are located

e. Genome maps E. The study of genomes

f. Genomics F. Theory that some environmental exposures or experiences may chemically
modify your DNA by ‘switching’ it on or off, and that this modification can be
inherited

g. PCR G. These describe the order of genes and the spacing between them on each
chromosome

h. SNPs H. The technique used to amplify the amount of DNA

3. Describe the relationship between the following terms.
a. Gene, genome, genomics, genome map
b. Gene, gene sequencing, nucleotides, nitrogenous bases, DNA
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Apply and analyse
4. B3

. Describe three reasons the discoveries made in the Human Genome Project were important.

. Did the sequencing of the human genome answer our questions about why humans are unique? Explain.
. Now that the human genome has been mapped, suggest three questions that could be asked.

. Explain the difference between genetics and epigenetics.

. Provide two examples of epigenetic changes in DNA.

c. Can epigenetic changes be inherited? Explain your response.

To0O 00O

. If you have a high risk of dying from a genetic disorder in 15 years, who do you think should know about it?

Justify your response.

. IEEN Different genetic instructions within and between species are due to different nucleotide sequences in

their genes. The following table shows part of the sequences of different genes from various organisms.

TABLE Comparing a section of DNA in three different organisms

Type of organism Section of gene sequence

Duck TAG GGG TTG CAA TTC AGC ATA GGG ATC
Human TIGTGGTTGCTT TTC ACC ATT GGG TTC
Bacteria AAT GAA TGT AAC AGG GTT GAA TTA AAA

a. Suggest how they are similar.
b. Suggest how they are different.
c. Suggest a reason for the similarities and differences.

Evaluate and create

8.

10.

Personal genome scans can provide a lot of information about your genetic disposition for particular
diseases and disorders. They do not, however, always guarantee that you will develop the disease.
a. Find out more about the relationship between genotype, phenotype and environmental factors.

b. Find out how these factors relate to the use, accuracy and effectiveness of personal genome scans.
c. Based on your research, suggest regulations around the use of these scans.

. Guidelines have been developed for companies in the US that supply ‘custom DNA’ or DNA sequences to

order. These guidelines have been introduced to make it harder for bioterrorists to build dangerous viruses
as potential bioweapons. However, concern exists that, because these rules are voluntary and most custom
DNA is made outside the US, they may have limited value.
a. Find out more about custom DNA and bioterrorism or bioweapons and DNA, and explain how these relate to
gene sequencing.
b. Research the current guidelines or regulations for producing and selling ‘custom DNA’ and describe your
findings.
SIS
a. Three of the most common types of genetic ancestry testing for genealogy are Y chromosome testing,
mitochondrial DNA testing and single nucleotide polymorphism testing (SNPs).
i. What are SNPs and why might they be used in ancestry DNA tests?
ii. Find out one reason you would use Y chromosome testing rather than mitochondrial DNA testing.
b. Ancestry DNA, My Heritage DNA, 23 and Me and Family Tree DNA are four companies that offer DNA testing
kits for the purpose of exploring ethnicity and family matches.
i. Research one of these companies and the DNA testing that they offer.
ii. If you were to be DNA tested, which company would you choose? Justify your choice.
iii. Create a PMI around the use of DNA testing kits.
iv. What is your opinion on the use of genetic genealogy?

Fully worked solutions and sample responses are available in your digital formats.

TOPIC 2 Getting into genes 109



2.7 Dividing to multiply through cell division

LEARNING INTENTION

At the end of this subtopic you will be able to differentiate between the two types of cell division, mitosis, and
meiosis, and be able to explain the importance of the role of meiosis in ensuring variation.

All cells arise from pre-existing cells. That’s pretty amazing when you really think about it! This means that
all organisms living today originated from cells from the past. The cells you are made up of come from an
unbroken line of cells. Where, when and who did your original cell come from?

2.7.1 Cell division in eukaryotes

Scientists are still grappling with many questions about the origin of life. Maybe you

will be the one to shed new light on some possible answers in the future? What we asexual reproduction

reproduction that does not involve

do know, however, is there are two key types of cell division. fusion of sex cells (gametes)
e Mitosis is the type of cell division involved in growth, development, and repair of sexual reproduction
tissues. Some eukaryotic organisms also use mitosis for asexual reproduction. reproduction that involves the

joining together of male and
female gametes

e Organisms that use sexual reproduction to reproduce use another type of cell
division in their reproductive process called meiosis.

FIGURE 2.59 Mitosis and meiosis are two types of cell division.
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2.7.2 Nucleus, chromosomes and DNA

As outlined in subtopic 2.2, all eukaryotic cells have a nucleus, which contains genetic information with
instructions that are necessary to keep the cell (and organism) alive. This information is contained in structures
called chromosomes, which are made up of a chemical called deoxyribonucleic acid (DNA) wrapped around
protein called histones, which allows for DNA to be tightly packed.

FIGURE 2.60 DNA is contained in the chromosomes, which are located in the nuclei of cells.

Nucleus Chromosomes e s DNA

contains contains contains
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Counting chromosomes

Within the somatic cells (or body cells) of an organism is usually a particular number of chromosomes that is

characteristic for that species.

In humans, the total number of chromosomes in a somatic cell is 46. These chromosomes appear as 23 pairs in
each cell. The term describing chromosomes in pairs is diploid, because of the two sets of chromosomes.

Our gametes (or sex cells), however, contain only one set of chromosomes. They are referred to as being haploid.

You may see the symbol 7 used to identify the haploid number. The diploid number

would be identified as 2n.

In humans and many other organisms, our diploid cells are produced through mitosis

acell

and our haploid cells are produced through meiosis.

2.7.3 Mitosis

What happens when skin wears away and
damaged tissues need repairing? How do
seedlings grow into giant trees? How did
you get to be so big?

Throughout the life of multicellular
organisms, mitosis is the type of cell
division that is used for:

e growth

e replacement

e repair

e asexual reproduction.

Mitosis involves division of the nucleus.
The cells produced by mitosis are
genetically identical to each other and

to the original cell. They have the same
number of chromosomes and DNA
instructions. Because they have identical
genetic information, they are described as
being clones of each other.

FIGURE 2.61 Eukaryotic unicellular organisms such as
a. Amoeba and b. Euglena divide by binary fission involving
mitosis. Unlike meiosis, mitosis produces identical cells.

a. 3

Nucleus divides
by mitosis

Cytoplasm starts
to divide

Two daughter
cells formed

FIGURE 2.62 Mitosis results in the production of identical daughter cells

Mother cell

DNA replication

Two daughter
cells

Cell division
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Mitosis is an important part of the cell cycle. The cell cycle includes the following stages:
* Interphase: DNA replication occurs, alongside the growth of the cell, including replication of other organelles.
During this stage, individual chromosomes cannot be seen under the microscope.

e Mitosis: The nucleus divides, and then each chromosome is split by the centromere. Mitosis is made up of:
* Prophase: Chromatin condenses and chromosomes become visible. The nucleus disappears (‘plump’).

e Metaphase: Chromosomes line up along the middle of the cell at the equatorial plate (‘middle’).
e Anaphase: Identical chromatids separate and each move to an opposite side of the cell (‘away’).

¢ Telophase: Nuclear membranes reform around the chromatids (‘two’).

e Cytokinesis: The cytoplasm splits, leading to the formation of two identical daughter cells. This involves the
cell membrane pinching inwards so that a new membrane is formed, dividing the cell in two. In plate cells, a

cell wall is also formed using a cell plate.

FIGURE 2.63 The stages of the cell cycle, including interphase, when DNA is replicated, and mitosis, when the
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Observing cell division

Aim
To observe the stages of mitosis under the microscope

Materials

¢ Light microscope
e Prepared slides of cells undergoing mitosis

Method

1.
2.

3.

112

Collect slides of cells under mitosis.

Place a slide on the light microscope, starting on the lowest
magnification.

Focus the cells and try to find an area where lots of different stages of
mitosis are visible (like the image shown). The best area to look at is
usually a region of high growth, such as the growing tip of a plant.

. Sketch your observations in your results. Note: if your equipment allows,

you may take a photo of your results (through the microscope lens) instead
of sketching, and attach this to your report.

Increase the magnification and focus the cells. Sketch your
observations. Label different mitotic stages you can see.

Increase the magnification one more time and focus the cells and
sketch your observations (this higher magnification can be harder to
focus, so continue to use the fine focus knob to assist).
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Results

Sketch and label the observed cells at each of the magnifications.
When sketching:

e List the magnification and include a title.

e Use a pencil to draw and a ruler for labelling.

¢ Do not shade or colour your image.

Remember, you do not have to draw every single cell; you may just choose a section of the image to draw.

Discussion

1. What stage were most of the cells in? Why do you think this is?
2. Compare your results to another member of your class. Did you receive similar results?
3. What proportion of your cells were in the following stages?

a. Interphase

b. Prophase

c. Metaphase

d. Anaphase

e. Telophase

Conclusion
Write a clear conclusion, outlining your observations in this investigation.

Resources

eWorkbook Mitosis (ewbk-5362)

Video eLessons Amoeba (eles-2694)

Euglena (eles-2695)

Stages of mitosis (eles-4215)
Interactivities = Mitosis (int-3027)

The stages of mitosis (int-3028)

2.7.4 Meiosis

Why do gametes only have one set of chromosomes? If they didn’t, each time the
egg and sperm nuclei combined during fertilisation, the number of chromosomes
in the next generation of cells would double! (For example, if each gamete had
46 chromosomes, the resulting cell after fertilisation would have 92 chromosomes.) w

FIGURE 2.64 The two
stages of meiosis

Meiosis is the kind of nuclear division that prevents the doubling of
chromosomes at fertilisation. It is a process in which the chromosome number is DNA replication
halved. As such, it is often referred to as a reduction division.

In humans, this means the parent cell that is to undergo meiosis would initially
be diploid (2n) and the resulting daughter cells or gametes produced by meiosis
would be haploid (n).

Meiosis is made up of two main stages, as outlined in figure 2.64:

e Meiosis I (the first division), in which homologous chromosomes are
separated. (An homologous pair is a matching set of chromosomes; for
example, the two copies of chromosome 1 are homologous.)

e Meiosis II (the second division), in which sister chromatids are separated
(in a similar way to mitosis).
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Meiosis |

At the start of meiosis I, interphase occurs, and DNA is replicated.

Following DNA replication, the following stages occur in meiosis I.

* Prophase I: Chromosomes condense and become visible. The nuclear membrane disappears.
Chromosomes find their homologous pair. (A special process known as crossing-over can also occur in
which chromosomes may swap sections of DNA.)

e Metaphase I: Chromosomes line up in their homologous pairs at the equatorial plate.

Anaphase I: The homologous pairs separate to opposite sides of the cell.
e Telophase I: The nuclei in the two new cells reforms.
Cytokinesis: The cells split into two cells. These cells are now haploid (half the chromosome number).

FIGURE 2.65 The first division in meiosis |

Prophase | Metaphase | Anaphase | Telophase | Cytokinesis
Chromosomes Chromosomes align Chromosomes Nuclei Cells divide,
condense and at the equatorial separate reform forming two
crossing-over plate daughter cells

occurs
Meiosis Il

After meiosis I (shown in figure 2.65), the next stage is meiosis II. This is similar to mitosis, in which
chromosomes separate at the centromere and split into two chromatids.

It is important to note that homologous pairs are no longer present (because each member of each homologous
pair is in separate cells).

Because chromosomes are already in their replicated form, interphase does not occur.

The following stages occur in meiosis Il.
* Prophase II: Chromatin condenses and chromosomes become visible. The nucleus disappears.
e Metaphase Il: Chromosomes line up along the middle of the cell at the equatorial plate.
* Anaphase II: Identical chromatids separate and each move to an opposite side of the cell.
e Telophase II: Nuclear membranes reform around the chromatids.
e Cytokinesis: The cytoplasm splits, leading to four daughter cells being formed.

FIGURE 2.66 The second division in meiosis I
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Prophase Il Metaphase Il Anaphase Il Telophase Il Cytokinesis
Start of 2nd division Chromosomes Chromatids 4 nuclei reform Cells divide forming
and two daughter line up along separate four haploid
cells present equatorial plate daughter cells
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ACTIVITY: Remembering the stages

Construct a model or a ‘peep wheel’ that shows the different stages of either mitosis or meiosis.

FIGURE 2.67 An example of a peep wheel, in which wheel 1 is placed on top of wheel 2 (yellow sections in
wheel 1 should be cut out)

Wheel 1

Wheel 2
Description A
\ § Y
\ ; W /
R
A ¢ ~ o\
bb
Label A %" \\\ \
Resources

eWorkbooks Meiosis (ewbk-5366)
Labelling the stages of meiosis (ewbk-5364)

Video eLesson  Stages of meiosis (eles-4216)

Interactivity Labelling the stages of meiosis (int-8129)

2.7.5 Meiosis mix-up and variation

Each parent produces gametes by the process of meiosis. Within each gamete are chromosomes from
each parent. Chromosomes carried in the sperm and inherited from the father are referred to as paternal
chromosomes, and chromosomes from the ovum and inherited from the mother are
referred to as maternal chromosomes.
paternal chromosomes

Meiosis provides sexually reproducing organisms with a source of variation. . oy
Variation within a species can provide some individuals with an increased chance sperm
of surviving over others. Depending on the environment and selection pressures at maternal chromosomes

a particular time, different variations may be advantageous. High variation among chromosomes from the ovum

individuals will increase the chance that some will survive to reproduce. This
improves the chances of the species surviving.

variation differences between
cells or organisms

This variation occurs through meiosis
due to: FIGURE 2.68 The different ways that three pairs of homologous
e Independent assortment: The way chromosomes can line up in meiosis

in which chromosomes line up
during metaphase I of meiosis is
random. Imagine three pairs of
chromosomes — half of these came
from your father and half came

from your mother. They may line up
differently, as seen in figure 2.68.
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Given that humans have 23 pairs of chromosomes, there are around 8 388 608 (2%?) different possible
ways to divide up these chromosomes into each type of gamete.

e Crossing over: Homologous
chromosomes exchange genetic
material during meiosis I.

FIGURE 2.69 Crossing over results in the swapping of genetic
material between homologous chromosomes

This results in a section of one D;Et';?,ﬁd

chromosome swapping its genetic chromosome

information with another. For

example, genes that were once

on a paternal chromosome can be

transferred or crossed over onto a

Duplicated

maternal chromosome and maternal Homologous chromosomes Recombmant

vice versa. chromosome exchange genetic material chromatids
2.7.6 Fertilisation
In humans, fertilisation occurs w.hen.a haploid gamete .from each FIGURE 2.70 Fertilisation and the link
parent fuses together to form a diploid zygote. But which sperm between mitosis and meiosis
will fertilise the ovum? The identity of the lucky sperm that will
contribute its genetic information to the next generation depends Mother Father
largely on chance. [ s

: . . : i w X -
Depending on which sperm fertilises the egg, many different { vy ( |
genetic combinations are possible. This is another source of '“ 57 [ MEosis | No—-
genetic variation that can give sexually reproducing organisms an dlplOId = x i ‘ diploid
increased chance of survival. S
i

The zygote contains 23 paternal chro.mosomes from its father n haplmd@
and 23 maternal chromosomes from its mother. Each pair of 4" -

i
|

chromosomes will consist of a chromosome from each parent. FERTILISATION

The zygote divides rapidly by mitosis to form an embryo that
will also use this type of cell division to develop and grow.
Each time this process occurs, cells with this complete new set
of chromosomes are produced.

You are a product of both meiosis and mitosis.

Growth and
development

CASE STUDY: Boy or girl?

When a friend or family member is expecting a baby, one of the first questions people wonder or ask is whether it
will be a boy or a girl. Probability suggests a 50 per cent chance either way.

Human somatic cells contain 22 pairs of autosomes and a pair of sex chromosomes. The sex chromosome difference
is abbreviated, so that females are described as being XX and males as being XY.

As a result of meiosis, gametes will contain only one sex chromosome. Human females (XX) can only produce
gametes that contain an X chromosome. Human males (XY), however, will produce half of their gametes with an

X chromosome and the other half with a Y chromosome. So, if a gamete containing a Y chromosome fuses with the
ovum (which contains an X chromosome), the resulting zygote will be male (XY). Likewise, if the ovum is fertilised by
an X-carrying gamete, then a female (XX) will result. This is shown in figure 2.71.
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FIGURE 2.71 |s the mother or father the key determiner of the

gender of the child?

Mother’s body cells

22 pairs of \{_';:_L?

and 1 pair of sex |
chromosomes
(XX

autosomes x Hx E

:

Meiosis

xJ) ()

[

: Fertilisation

5y

| X BXH |22 pairs of
- autosomes and

1 pair of sex chromosomes

Father’s body cells

EL 22 pairs of

' autosomes

:._ BX HY | and 1 pair of sex
S

Meiosis

~" chromosomes

(XY)

> 4

WA

CASE STUDY: Twins — or more!

Sometimes in the very early stages of
division following fertilisation, clusters

of a few cells develop into two separate
individuals. If this happens, identical twins
result because each cluster has the same
genetic make-up as the other.

Usually, only one ovum is released at a

time. However, if several are released, twins
can result from fertilisation by different
sperm. In this case, the babies are not
identical because they have different genetic
make-ups.

FIGURE 2.72 |dentical or fraternal twins — one sperm

or more?

Identical twins

Different (fraternal)
twins

EXTENSION: Gender-determining factors in other species

The gender-determining factors of other animals can be quite different from those of humans. In birds,

for example, it is the female that has different sex chromosomes, Z and W, and the male has two

Z chromosomes. In some reptiles, gender is determined by the temperature at which the egg is kept
rather than chromosomes. The temperature of the sand in which some crocodiles and turtles bury their
eggs can determine whether the offspring will be male or female. The gender of brush turkey chicks is also

determined partly by temperature.
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INVESTIGATION 2.5

elog-0699
What'’s the chance?
Aim
To simulate the chance of a male or female being conceived at fertilisation
Materials
e 20-cent coin
Method

1. After reading the instructions and before you carry out the experiment, write a clear hypothesis, predicting
the number of times you will toss heads and the number of times you will toss tails.

TABLE A comparison of the times heads or tails were recorded when a coin was tossed 50 times

Number of
tails

Percentage of

Number of
tails

heads ‘ Percentage of heads

Individual tosses

Combined class result

2. Toss a coin 50 times and record your results.

Results

1. Count the number of heads and tails and record the data in a table like the following.

2. Calculate the percentage chance of obtaining heads and the percentage chance of obtaining tails.

3. Combine the results of the whole class and calculate the percentage chance of obtaining heads and tails.
4. Draw a graph of your results.

Discussion

1. Analyse your data.
a. Was your prediction supported or not?
b. Were the percentage results obtained for 50 tosses the same as or different from the total class results?

Suggest reasons for the similarities or differences.

2. If you tossed a coin 1000 times, would you obtain similar results?

3. What is the chance of obtaining heads each time you toss the coin?

4. If heads represented a sperm carrying an X chromosome and tails represented a sperm carrying a Y chromosome,
suggest how this activity could link to the chances of a male or female baby being conceived.

5. Suggest a strength, a limitation and an improvement for this investigation.

Conclusion
Summarise your findings relating them to your aim.

Resources

assessm Additional automatically marked question sets

2.7 Exercise learn

To answer questions online and to receive immediate feedback and sample responses for every question, go to
your learnON title at www.jacplus.com.au.

Select your pathway

LEVEL 1 LEVEL 2 LEVEL 3
Questions Questions Questions
1,2,5,9,10, 15 3,4,7,11,14, 16 6,8,12,13, 17, 18
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Remember and understand

1. State whether the following statements are true or false. Rewrite any false statement to make it true.
a. All cells come from pre-existing cells.
b. Cells produced by mitosis are genetically identical to each other and to the parent cell.
c. Mitosis involves division of the cytoplasm whereas cytokinesis involved division of the nucleus.
d. Meiosis prevents the doubling of chromosomes at fertilisation because it produces cells with half the
chromosome number of the original cell.
Variation within a species can provide some individuals with an increased chance of surviving over others.
Little to no variation among individuals within a species improves the chances of the species surviving.
g. One way in which meiosis increases variation in sexually reproducing organisms is in terms of the number of
combinations in which chromosomes can be divided up into the gametes.
h. Crossing over of genetic information between each pair of chromosomes in meiosis is a source of variation
in a species.
2. Match the term with its description in the following table.

-0

a. Diploid A. Cells with four sets of chromosomes

b. Fertilisation B. Cells with one set of chromosomes (e.g. as in human gametes)

c. Gamete C. Cells with two sets of chromosomes (e.g. as in human somatic cells)

d. Haploid D. Reduces the number of chromosomes in the daughter cells by half that of
the parent cell

e. Meiosis E. Sex cell

f. Mitosis F. The fusion of gametes

g. Tetraploid G. The result of two gametes fusing together

h. Zygote H. Type of cell division important for growth, repair and replacement

3. List two differences between sexual and asexual reproduction.
4. State the names of the two main types of cell division. Explain why each is used.
5. a. List three functions of mitosis.
b. Describe the features of the cells produced by mitosis.
6. Copy and complete the following table.

TABLE Comparison of meiosis and mitosis

Type of cell division Why use it? Where does it occur? Features of cells produced

Mitosis

Meiosis

7. With the use of a diagram, explain how the sex of a human baby is determined.

Apply and analyse

8. Distinguish between the following pairs of terms.
a. Cytokinesis and mitosis b. Prophase | and Prophase Il c. Diploid and haploid
d. Gamete and zygote e. Fertilisation and meiosis f. Somatic cells and gametes
9. If a woman has already given birth to three boys, what are the chances of her next child being a girl? Justify
your response.
10. A few genetic traits, such as hairiness in ears, are due to genes carried on the Y chromosome. Would males
and females have the same chance of having the trait? Justify your response.
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11. Figures a. to d. show bluebell cells in various stages of mitosis.

a. Suggest which order they should be placed in.

b. Describe what is happening at each stage of mitosis.

12. [BE Using the following table, suggest the possible effect of increasing global temperatures on turtles,

crocodiles and lizards.

TABLE Temperature control of sex in some reptiles

Turtle Male Male or female Female
Crocodile Female Male Female
Lizard Female Male or female Male

Evaluate and create

13. The kind of job a man does can affect whether he produces more or less Y sperm or any sperm at all.
Chemicals and hormones washed into waterways or used in producing food can affect fertility. Research an
example of an environmental impact on fertility and report your findings. Make sure you quote the sources
of your information.

14. In many cultures throughout history, a woman has been blamed for not producing sons and has been
divorced. From a biological point of view, could this be justified? Explain your answer.

15. Copy and complete the following Venn diagram, choosing from the following terms: somatic, only, body,
gonads, gametes, anywhere, different, identical, chromosomes, cell division, eukaryotes.

Production of Production of

,,,,,,,,,,, | Offspring are...........
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, from each
other and to

parent cell.

16. The Y chromosomes of human males are shorter than the X chromosomes. Would the same number of
genes be carried by both chromosomes? Justify your response with clear examples.

17. IEF a. How many sets of chromosomes do you think an organism would have if it was identified as 4n and
tetraploid?
b. Outline an investigation you may conduct to determine if an organism is tetraploid.

18. a. Create a model to allow you to describe each stage of meiosis.
b. Explain why interphase only occurs before meiosis | and not meiosis II.

Fully worked solutions and sample responses are in your digital formats.
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2.8 Passing on genes to the next generation

LEARNING INTENTION

At the end of this subtopic you will be able to describe patterns of inheritance of simple dominant/recessive
characteristics through generations of a family.

2.8.1 From one generation to the next

Have you ever browsed through the family photo album and looked at
family members at different ages? Did any look like you? Which features
do you share with them? Do certain characteristics seem to appear and
disappear from one generation to the next? How could this happen?

FIGURE 2.73 Traits are passed
on between generations.

The passing on of characteristics from one generation to the next is called
inheritance. The study of inheritance involves a branch of science called
genetics.

These characteristics or features are examples of your phenotype.

Your phenotype is determined by both your genotype and your
environment. Your genotype is determined by genetic information in the
chromosomes that you received in the gametes of your parents.

2.8.2 It’s not all about your genes!

Environmental factors contribute to
characteristics that make up your
phenotype. Your weight, for example,

FIGURE 2.74 Phenotypes are influenced
by genotype and environment.

. . inheritance genetic transmission
although influenced by genetic factors, Cenotoe of characteristics from parents to
is also influenced by what you eat and P offspring
how active you are. Exposure to and genetics study of inheritance
use of chemicals in your environment g Phenotype phenotype characteristics or

traits expressed by an organism

(such as pollution, hair dyes, tanning

. . . genotype genetic instructions
lotions and make-up), stress, intensity (contained in DNA) inharitad from
of sunlight and temperature ranges parents at a particular gene locus

are other examples of environmental
factors that can contribute to your phenotype.

INVESTIGATION 2.6

How does the environment affect phenotype?
Aim
To determine how the environment affects the phenotypes in plants

Materials

e 10 seedlings grown from cuttings of the same plant
e potting mix in two small pots

Method

1. Write a clear hypothesis for this investigation

2. Plant five of the seedlings in pot A and five in pot B.

3. Place pot A in a dark cupboard and pot B near a window.
4

. Leave the plants undisturbed for two weeks. Water both pots when necessary. Ensure you use the same
amount of water for both plants. After two weeks compare the plants in both pots. S
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Results
Copy and complete the following table.

TABLE Observations of seedlings in a pot in darkness (pot A) and a pot near a window (pot B)

Pot A Pot B

Number of seedlings that are still alive

Colour of leaves

Average height of seedlings

Average number of leaves per seedling

Discussion

1. Explain how you calculated the average number of leaves and the average height of the seedlings.
2. Answer the following for this experiment.

a. What is the independent variable?

b. What is the dependent variable?

c. Which environmental factors were controlled?

3. Why is it important to use seedlings grown from cuttings of the same plant for this experiment?

4. Why were five seedlings planted in each pot?

5. Construct graphs of your data.

6. Comment on observed patterns in your data.

7. Explain why this experiment demonstrates that environmental factors play a part in determining the
phenotype of an organism.

Conclusion

Write a clear conclusion for your experiment, referring back to your aim and hypothesis.

INVESTIGATION 2.7

Genetics database

Aim
To increase awareness of a variety of inherited traits

Method

Explore the phenotypes for the different traits of ten classmates. You may need to refer to the pictures provided
to work out what each characteristic means.

Results

Copy and complete the following table. Enter data for ten students in the table (add in some more columns to
allow for this).

TABLE Genetics database observations

Name of student

Widow’s peak?

Right thumb over left when clasping hands?
Cleft chin?

Right handed?

Ear lobes attached?

Freckles?

Gap between front teeth?

Hair naturally straight?
Colour blind?
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a. Widow’s peak a. Unattached earlobes b. Attached earlobes
b. Straight hairline ’

When you clasp your If you cannot see the number 47 Do you have a cleft chin?

hands, is your right or left you could be colour blind.

thumb on top? EnE ErEEEEEY
EOEE | |

Discussion

1. The database you have created contains only a small amount of data so you do not need to set up a query
to search for particular data to save time. (It would probably take you more time to set up the query than it
would take to look through the data manually!) Can you think of examples of databases that contain so much
information that it would take days to search the data manually?

2. Does your school keep a computerised database of student details? What type of information is kept in the
database?

Conclusion
Write a conclusion for your investigation, linking this back to the aim.

2.8.3 A product of chance
The similarities and differences in how you look compared to your relatives are partly due to chance.

When fertilisation takes place, the zygote receives a pair of each set of chromosomes, the maternal and
paternal chromosomes. Located within these chromosomes are the genes for particular characteristics.
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These alternative forms or expressions of a gene are called alleles. You have a particular combination of alleles
in your genotype (one allele is inherited from each parent). For example, in figure 2.75, the gene for eye colour
is shown. Two variations of this are shown: blue or brown eyes. The different alleles of eye colour lead to these
different traits and are represented using letters.

2.8.4 Recessive and dominant traits

The alleles and in turn the genotype an individual has determines the trait expressed. These traits can be
dominant or recessive.

e A trait is dominant if at least one allele for the trait is present. If alleles for both the dominant and recessive
traits are present for a gene, the dominant trait will be expressed (as it ‘masks’ the recessive trait).

e A trait is recessive if two copies of the allele for the trait are required for the trait to be expressed. If the allele
for both a dominant and recessive trait is present, the recessive trait is hidden.

Each of these alleles is often represented using a letter. In the family generations diagram shown in figure 2.75,
the expression of the gene for eye colour is shown. The allele for brown eyes is denoted as a capital letter B,
because brown is the dominant trait. The allele for blue eyes has been denoted by a lower-case letter b, because
this trait is recessive to the brown eye trait.

Let’s look at this example in the Davis and Swift families in figure 2.75.

FIGURE 2.75 The inheritance of eye colour in a family

peE family m

BB

Ken Margaret Kevin Gwenda

Bb Bb Bb Bb bb bb bb bb

Merrin Stuart Sharon Geoff Linda Ben Martin Michael

alleles alternate forms of a gene
for a particular characteristic

dominant a trait (phenotype)
bb Bb bb bb that requires only one allele to
be present for its expression in a
heterozygote
recessive a trait (phenotype)
that will only be expressed in
P the absence of the allele for the

dominant trait

Sarah Genevieve Bree Cameron
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A common area of confusion and misconception around dominant and recessive comes into play when referring

to alleles. Many resources incorrectly refer to a dominant or recessive allele.

In terms of biology, the expression of the genotype as a particular phenotype (the ‘trait’) is accepted as what is

dominant or recessive, rather than the allele itself.

2.8.5 Mix and match

As previously outlined, the
combination of the alleles
that you have for a particular
gene is called your genotype.

FIGURE 2.76 Different types of genotypes

Genotype

If your alleles for that gene
are the same (for example,
BB or bb), then you are
described as homozygous
(or pure breeding) and

if they are different (for
example, Bb), then you are
heterozygous (or hybrid)
for that trait.

Homozygous
dominant

Homozygous

Heterozygous recessive

A genotype of BB can be described as homozygous dominant, while a genotype of
bb can be described as homozygous recessive.

In complete dominance, you can determine which trait is dominant by looking at the
heterozygote. The trait the heterozygote expresses is the dominant trait.

2.8.6 Are you a carrier?

If a person is heterozygous for a trait
and possesses alleles for both the
recessive and the dominant trait, the
dominant trait will be expressed in the
phenotype. The recessive phenotype
will only be observed when the allele
for the dominant trait is not present.

parents contribute to your genotype.

of

Genes for

eye colour
The term carrier is also used to ;c);riIZu e
describe someone who is heterozygous gametes
for a particular trait. People may not be I &
aware they are the carrier of an allele
for a recessive trait (such as blue eyes B l
and red hair) because the trait does not Male
show in their phenotype. They may, (@)
however, have children who show the gametes \
recessive trait. 8 b
Can you suggest how two brown-eyed Eﬁ:;rg:lsome

parents (dominant trait) could have a
child who has blue eyes (recessive trait)?

4 %

homozygous a genotype in
which the two alleles are identical
heterozygous a genotype in
which the two alleles are different

homozygous dominant a
genotype where both alleles for
the dominant trait are present

homozygous recessive a
genotype where both alleles for
the recessive trait are present
complete dominance a type of
inheritance where traits are either
dominant or recessive

carrier an individual
heterozygous for a characteristic
who does not display the
recessive trait

FIGURE 2.77 Alleles on chromosomes inherited from each of your

bg Cell-

producing
gametes

gametes

Maternal
chromosome

TOPIC 2 Getting into genes 125



SCIENCE AS A HUMAN ENDEAVOUR: Mendel’s memos

Gregor Mendel (1822-1884), an Austrian monk, carried
out experiments on pea plants in a monastery garden
for 17 years. His work was unknown for about 35 years.
When it was discovered in 1900, he became known as
the ‘father of genetics’. From his experiments, Mendel
was able to explain patterns of inheritance of certain
characteristics. Why did Mendel use pea plants and not
cabbages? Pea plants are easily grown in large numbers
and have easily identifiable characteristics that have
either/or alternatives. Mendel could control their breeding
by taking pollen from a particular pea plant and putting
it on the stigma of another. Pea plants can also be
self-pollinated.

FIGURE 2.78 Gregor Mendel

Mendel crossed a pure-breeding tall plant with a pure-
breeding short plant. A plant is classed as pure breeding
for a characteristic if it has not shown the alternative
characteristic for many generations.

Mendel showed the factor for shortness had not
disappeared because when he crossed the tall offspring
(called the F; generation) with each other, about a quarter
of those offspring (called the F, generation) were short.
He called shortness a recessive factor because it was
hidden or masked in the F; generation. We now know that
Mendel’s ‘factors’ are genes. The alternative forms of the
factors are alleles.

FIGURE 2.79 Pea plants showing the
characteristics Mendel used in his
experiments

Mendel investigated one trait at a time. He bred plants Dominant trait Recessive trait
for single characteristics such as height. He worked out '%" 1
that if many pure-breeding tall and short plants were ?ﬂ’ ¢ E@ g'
crossed and then the first generation (F; generation) stom| ﬂ; ' f 5"
m len
was also crossed, the ratio of tall to short plants would emens V)
o A Tall Sh
be about 3:1. He repeated these experiments many S a Ord
times using the other characteristics of the pea plants (coltyledon) % 0
and came up with similar ratios. This is called the coout Yellow Green
i i Seed
monohybrid ratio. (ci?yledon) ‘ 0
shape Round Wrinkled
FIGURE 2.80 Mendel’s experiments were well Seed o ' ’
designed, and his record-keeping was meticulous. Grey Whitel
Pod
Make meticulous texture @‘ w
observations Inflated Constricted

colour
Green Yellow

and records P—
_.;é v Sy AR
i L

™)
o Flower £ VW™ } y
Reas. fast pos"ivﬁon ] ’ { _{;‘! i
growing and short A1k
generation time Flowers along length of stem Flowers at top of stem

able to

monohybrid ratio the 3:1 ratio
Control and monitor of a particular characteristic
which plants for offspring produced by

were crossed %% Transfer of pollen heterozygous parents, controlled

with a brush by autosomal complete dominant
inheritance
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EXTENSION: Degrees of dominance

In complete dominance, the expression of one trait is
dominant over the other. This results in both the homozygous
dominant and heterozygous genotypes being expressed as
the same phenotype. In two other types of inheritance, neither
allele is dominant over the other.
¢ In codominance, the heterozygote has the characteristics
of both parents. An example of this type of inheritance is
seen in the human blood groups.
¢ |In incomplete dominance, the heterozygotes show a
phenotype that is intermediate between the phenotypes
of the homozygotes. An example of this type of
inheritance is seen in the flower colour of snapdragons
(seen in figure 2.83).

The phenotype of the heterozygote can indicate the type of
inheritance.

You may find variations in the definitions of the terms
recessive, dominant, codominance and incomplete
dominance in various resources. New technologies and

new knowledge can modify how we see, understand and
communicate our knowledge. This eventually results in the
creation, modification or replacement of terminology and
theories that are used by a majority or enforced by those with
the highest authority or persuasion.

FIGURE 2.81 Different types of dominance

Heterozygotes and

types of inheritance

Complete dominance
R = red flower

r

= white flower

Codominance
A = blood group A
1B = blood group B

Red flower ll Blood group AB

Incomplete dominance
C? = red flower
CY = white flower

Pink flower

The inheritance of the human ABO blood groups is by codominance. /4 is the allele for blood group A; I? is the
allele for blood group B; i is the allele for blood group O. The type of blood group you have determines who you
can donate to or receive blood from (as seen in figure 2.82). Which blood type are you? Are you the same blood

type as either of your parents?

FIGURE 2.82 Blood type needs to be carefully
considered when using donated blood.
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FIGURE 2.83 An example of the inheritance
of a trait showing incomplete dominance
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Both codominance and incomplete dominance can be considered examples of partial dominance. The common
feature of these types of inheritance is that the heterozygote will show or express a phenotype that is different
from the phenotype of an individual with either homozygous genotype.

Partial dominance can result in offspring that express a phenotype not observed in either parent.
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ACTIVITY: Learning the key terms

On your own, in pairs or in teams, create a rhyme, song or poem that effectively uses as many of the key terms
in this subtopic as possible. An example is provided. Add movements or actions for each line and share it with
your class.

Alleles are alternative forms of genes

Sometimes showing, sometimes behind the scenes
Genotypes are made up of two of them
Homozygotes have two the same

Heterozygotes have one of each kind

From each parent, alleles you will find.

Resources

eWorkbooks Alleles and inheritance (ewbk-5368)
Mendel’s experiments (ewbk-5370)

Video eLessons  Genotype (eles-4222)
Phenotype (eles-4223)

Interactivities Making families (int-0681)
Genotype (int-0668)
Generating the phenotype (int-0178)

assessGm Additional automatically marked question sets

2.8 Exercise learn

To answer questions online and to receive immediate feedback and sample responses for every question, go to
your learnON title at www.jacplus.com.au.

Select your pathway

LEVEL 1 LEVEL 2 LEVEL 3
Questions Questions Questions
1,2,4,7 3,5,8,10 6,9,11,12

Remember and understand

1. State whether the following statements are true or false. Rewrite any false statements to make them true.

a. When fertilisation takes place, the zygote receives either two maternal chromosomes or two paternal
chromosomes in each pair of chromosomes.

b. A capital letter is used for the allele of the dominant trait (for example, B) and a lower-case letter is used for
the allele of the recessive trait (for example, b).

c. The recessive trait can only be expressed if the allele for the dominant trait is not present.

d. The phenotype describes the combination of alleles present whereas the genotype describes the expression
of the trait (for example, brown or blue eyes).

e. People are not usually aware of being a carrier because it does not show in their phenotype, and they may
have children who show the trait.

f. In complete dominance, both the homozygous dominant and heterozygous genotypes express the same
phenotype.
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2.

Match the term with its description in the following table.

a. Fertilisation A. Characteristics determined by genotype and influenced by environment
b. Gametes B. Combination of alleles for a particular trait

c. Genetics C. Sex cells

d. Genotype D. The branch of science that studies inheritance

e. Inheritance E. The fusion of male and female gametes

f. Phenotype F. The passing of characteristics from one generation to the next

. For each of the following provide a definition and example.

a. Allele

b. Gene

c. Heterozygous genotype

d. Homozygous dominant genotype
e. Homozygous recessive genotype

. A widow’s peak is dominant to a straight hairline. Identify the hairline of an individual with the genotype:

a. HH b. Hh c. hh

. State how many alleles are on a homologous pair of chromosomes for a particular trait. Provide a reason for

your response.

. Distinguish between the following pairs of terms.

a. Inheritance and genetics b. Genotype and phenotype
c. Dominant trait and recessive trait d. Pure breeding and hybrid

Apply and analyse

7. Mendel obtained a ratio of 3 tall to 1 short plants in the offspring when he crossed pure-breeding tall and

short plants. Convert this monohybrid ratio of 3:1 into the following.
a. A fraction
b. A percentage

. A purebred pink flower was bred with a purebred white flower. All the offspring were heterozygous with pink

flowers.

a. Which trait is dominant?

b. Which trait is recessive?

c. Write the possible genotypes for plants with pink flowers.
d. Write the possible genotypes for plants with white flowers.

. Refer to figure 2.75 with the Davis family tree diagram.

a. Could the parents of the Davis family, Ken and Margaret, ever have offspring with blue eyes? Explain your
answer.
b. Suggest why not all of Geoff and Linda’s children have blue eyes.

Evaluate and create

10. Construct a Venn diagram with the headings ‘Determined by genetics’ and ‘Determined by environmental

1.

factors’, and then place the following terms in the most appropriate category: eye colour, tattoo, skin colour,

cleft chin, freckles, colour blind, hair colour, scar, widow’s peak.

Investigate two of the following genetic conditions: Huntington’s disease, Tay-Sachs, cystic fibrosis, fragile

X syndrome or PKU.

a. Briefly describe each disease.

b. Is the disease dominant or recessive?

c. Write the genotype for an individual with the disease.

d. Based on your findings, do you believe that individuals should find out if they have the allele for the diseases
you researched? Justify your response.
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12. [EEl With reference to information provided regarding Mendel’s experiments, answer the following
questions.
a. Suggest why the ability to self-pollinate and cross-pollinate was an advantage for the pea plants in Mendel’s
experiments.
b. Suggest four strengths in the design of Mendel’s experiments.
c. Suggest the phenotype of a pea plant that showed the following.
i. Dominant traits for seed colour, shape and coat colour
ii. Recessive traits for stem length and flower position
iii. A dominant trait for pod texture, but a recessive trait for pod colour
d. Construct a simple table to include the phenotype and genotype for the trait of each plant. Use an
appropriate letter to match each of the characteristics Mendel studied.

Fully worked solutions and sample responses are in your digital formats

2.9 Punnett squares and predicting inheritance

LEARNING INTENTION

At the end of this subtopic you will be able to use Punnett squares to predict characteristics of offspring.

2.9.1 Mixing your genes?

Selecting a mate can be one of the most crucial decisions in your life. This selection process involves both
conscious and unconscious choices. Next time you look at that special person, take a really good look. One
day you might be mixing your genes together! What might the result be?

FIGURE 2.84 The genes of parents affects the genes of their offspring.

This is a question that not only faces individuals selecting a mate but
those who choose to reproduce through assisted technologies. The
combination of genes greatly determines the traits of an offspring.

FIGURE 2.85 An element of chance
is involved in why you are you!

The chances of having offspring that show a particular trait depends
on the trait’s type of inheritance; that is, whether it is inherited

by complete dominance, codominance, incomplete dominance or
sex-linked inheritance.

sex-linked inheritance an
inherited trait coded for by genes
located on sex chromosomes
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2.9.2 Punnett squares: Predicting possibilities

Reginald Punnett (1875-1967) was a geneticist who supported
Mendel’s ideas. He repeated Mendel’s experiments with peas
and also did his own genetic experiments on poultry. Punnett

FIGURE 2.86 In a Punnett square,
alleles from each parent’s genotype
are used to determine the possible

is responsible for designing a special type of diagram, which is genotypes of the offspring.

named after him. A Punnett square is a diagram that is used to

predict the outcome of a genetic cross for each offspring. Punnett square for Bb x Bb
B = allele for brown eyes

A Punnett square shows which alleles for a particular trait are b = allele for blue eyes

present in the gametes of each parent. It then shows possible Father

ways in which these can be combined. The alleles in each of Possible B b

the parent’s genotypes for that trait are put in the outside squares 5 gametes

and then combined together to show the possible genotypes of 5 B BB Bb

the offspring. = ) " "

Reviewing alleles Offspring probabilities

App.lpp 1
Depending on the type of inheritance, the alleles that may be Genotype: 3 BB: 38b: 4 bb

inherited and shown on a Punnett square can be represented Phenotype: $brown eyes: §blue eyes
in slightly different ways. This was introduced earlier in

section 2.8.4. Representing alleles currently is vital for use in

Punnett squares. Some examples are shown in table 2.6.

When you are selecting letters to use to represent your alleles, ensure you use letters in which the capital and
lower case is easily distinguished (for example, B and b or A and a). If this is not possible, place a line above
the allele for the recessive trait to make them easier to distinguish (for example, C and ¢ or S and s). If alleles
are on sex chromosomes, the sex chromosome (X or Y) should also be shown.

TABLE 2.6 Representing alleles

Type of inheritance ‘ How to write the alleles ‘ How to write the genotypes
Complete dominance (e.g. Use a capital letter for the allele of the BB, Bb or bb
dominant/recessive) on an dominant trait (e.g. B) and a lower-case

autosome version of the same letter for the allele for

the recessive trait (e.g. b).

Incomplete dominance or Different letters are used to represent each | /A, 1B or B/B
codominance on autosomes | allele, and these are written as a superscript
on a shared capital letter (e.g. C" and C% or

" and /).
Sex-linked (e.g. X-linked If the allele is located on the sex XBXB, XBXb, XbXb, XBY or XY
inheritance) chromosome X, the capital letter X is used

with a superscript (e.g. XE and X?).

The examples in section 2.9.3 show examples of Punnett squares with complete dominance. Figures 2.93 and
2.95 in the extension boxes show examples of Punnett squares involving codominance and sex linkage.

Punnett square a diagram
used to predict the outcome of a
genetic cross
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2.9.3 Creating Punnett squares

Remember Linda Swift and Geoff Davis from subtopic 2.8. The
inheritance of eye colour was shown in their family. Brown eyes were
shown to be dominant to blue eyes. Figure 2.87 shows that Geoff has
brown eyes (Bb), Linda has blue eyes (bb) and their children have either
brown or blue eyes.

But how were the alleles from each parent inherited? The mix of alleles
that Linda and Geoff contributed to their children’s genetic make-up
shown in figure 2.88 can be simplified by using a Punnett square.

This example can also be seen in figure 2.89. The Punnett square created
tells us that the chance of producing a child with the combination Bb
(heterozygous) is two out of four or 50 per cent, and the chance of
producing the combination bb (homozygous recessive) is also two out of
four or 50 per cent.

Hence, each of Linda and Geoff’s children have a 50 per cent chance of
having blue eyes and a 50 per cent chance of having brown eyes (you
can also write this as a simplified ratio — 1 brown:1 blue).

FIGURE 2.88 The chromosomes showing the different alleles of eye
colours (Note: the entire chromosome has been coloured to show the
allele. In reality, the gene for eye colour would only be a very small
section of the chromosome.)

vlkedi <R AR AR
Linda Geoff |Genevieve| Cameron Sarah Bree
Combination
o I I I I I I I I I I I I
Genotype bb Bb Bb bb bb bb
Phenotype Blue eyes Brown Brown Blue eyes | Blue eyes | Blue eyes
yP Y eyes eyes Y Y Y

FIGURE 2.87 The inheritance
of blue eyes is recessive to the
inheritance of brown eyes.

Bb bb
&8 79
N i

&/
Geoff Linda

bb Bb bb bb
EH% JE‘-.%'?. &W% JAT":i

Sarah Genevieve Bree Cameron

FIGURE 2.89 Punnett
squares show us the chance
of offspring inheriting
particular combinations.

Punnett square Bb x bb
B = allele for brown eyes
b = allele for blue eyes

Linda
Possible
gametes b b
b=
S B Bb bb
O
b Bb bb

Offspring probabilities
Genotype: % Bb:% bb
Phenotype: % brown eyes: % blue eyes

To create a Punnett square:

1. Write down the cross that is occurring, showing the genotypes of the two parents.

2. Create a grid that is 3 x 3 squares.

3. Show gametes that are passed on from one parent in the first column (leave the first square blank). So, for
example, in figure 2.89, Linda, who is bb, will only be able to pass on b in their gametes.

4. Show gametes that are passed on from the other parent in the first row (leaving the first square blank). So, in
the example in figure 2.89, Geoff, who is Bb, will have B in half their gametes and b in the other half.

5. Fill in the boxes by taking looking at the gamete from the mother and gamete from the father, and
combining these to make the genotype (if this leads to a heterozygote, the allele for the dominant trait

should be listed first).

6. Use the Punnett square to determine probabilities. These may be expressed as fractions, percentages

or ratios.
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It is important to note that the chance of inheritance calculated for one child is not dependent on the

inheritance of another. As with a coin toss, each is an independent event.

Punnett square between two heterozygous individuals

Let’s look at another example of completing a Punnett square, outlined in
figure 2.90.

Two parents, Belinda and Paul, decided to have a child. They wish to
determine the chance that their child will have unattached earlobes, which
is dominant over attached earlobes. Both Belinda and Paul are heterozygous
(Ee) for this trait.

The ratio of genotypes is 1 EE : 2 Ee : 1 ee (or a 25 per cent chance of EE,
a 50 per cent chance of Ee and a 25 per cent chance of ee).

The ratio of phenotypes is 3 unattached earlobes: 1 attached earlobes (or a
75 per cent chance of unattached, and a 25 per cent chance of attached).

Paul

FIGURE 2.90 A Punnett

square for Belinda and Paul

Punnett square for Ee x Ee

E = allele for unattached earlobes
e = allele for attached earlobes

Belinda

Possible
gametes

E

E

EE

Ee

Ee

ee

CASE STUDY: Genetic inheritance and cystic fibrosis
About 1 in 2500 people suffer from an

genetic disorder called cystic fibrosis (CF). FIGURE 2.91 The likelihood of a child suffering from cystic

The CF gene is located on chromosome fibrosis

number 7. Cystic fibrosis is a recessive

trait. In the CF allele, one amino acid

in a chain of 1480 amino acids is not e )
N n

Mother

produced, causing a faulty protein to be

synthesised. This results in the production e

of large amounts of thick mucus by cells

lining the lungs and in the pancreas,

where digestive juices are secreted. The | '
mucus interferes with the working of Ova

the respiratory and digestive systems.

v

to have a shortened life span. L

] [ ] [ ]
Infection readily occurs and sufferers tend Gametes N n X N

-

Checking to see if you are a CF carrier Possible

Since the identification of the defective el a
allele in 1989, the DNA of parents-to-be
can be analysed to find out if they carry

25 Australians are thought to be carriers

Father

v

)

¥

Sperm

N

)

the allele for cystic fibrosis. Around 1 in
Y N " .N N UL n n f N n n
e e

of this allele. This means they could have e e
a child with cystic fibrosis. For example, .

-

if both parents are carriers, the chance is
1 in 4 that they will have a child with cystic
fibrosis.

Normal Carrier Affected
(chance = 1in 4) (chance =2 in 4) (chance = 1in 4)

4
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A chance event?

Genetic counselling can help parents-to-be who are both carriers FIGURE 2.92
of the CF allele with their decision about whether to have a child. If
they decide to go ahead, genetic tests can be used to determine the
genotype of the embryo. If both parents are heterozygous for cystic
fibrosis, as shown in figure 2.92, each child has a 25 per cent chance
of having cystic fibrosis (through being homozygous recessive), and a

If these two
heterozygous parents had
five children, would it be
possible for none of them to
have the disease?

75 per cent chance of not having the disease. It is important to note that Punnett square for Nn x Nn
the chance is independent for each child. If the parents already had one N = normal allele
child with cystic fibrosis, the next child would still have a 25 per cent n = cystic fibrosis allele
chance of having it. Additionally, each child has a 50 per cent chance of

not having the disorder but being a carrier with one CF allele. You can N n
see how these chances are calculated in the Punnett square shown in

figure 2.92. N NN Nn
If the genetic test shows that the child will have cystic fibrosis, the n Nn nn
parents need to consider many important factors around this. Genetic

counselling may also help the parents with this very difficult decision. Offspring probabilities

Genotype: 2—1 NN:% Nn: 2—1 nn

Phenotype: % normal: %cystic fibrosis

EXTENSION: Using Punnett squares for incomplete dominance and multiple alleles

Do you know which type of blood you have flowing through your capillaries? The inheritance of your blood type
involves multiple alleles, and both codominant inheritance and complete dominance.

The ABO gene — multiple alleles

The inheritance of blood types A, B, AB, and O are determined by the ABO gene. There are three different alleles
for the ABO gene. Two of these carry instructions to make a particular type of protein called an antigen; the other
does not.

One of the alleles codes for antigen A and the other codes for antigen B. If you possess both alleles, you have
the instructions to produce both antigen A and antigen B. This is an example of codominant inheritance because
both blood types are expressed in the heterozygote. If you refer to the ABO gene as /, the allele that codes for
making

e antigen A can be referred to as /

e antigen B can be referred to as /B.

The ability to make antigen A or B is shown as a capital letter because it is dominant to the inability to make
either antigen (which is recessive). If you refer to the ABO gene as /, then the allele that codes for making neither
antigen can be referred to as i.

Blood type A, B, AB, or O?

The combination of the ABO alleles in your genotype determines your blood type. If your genotype is ii, you will
have blood type O. If it is /4, you will have blood type A, and if /8, you will have blood type AB. Table 2.7 shows
the six possible genotypes and the blood groups that they code for.
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TABLE 2.7 Genotype and phenotype of blood groups

nA Blood type A
1Ai Blood type A
IB B Blood type B
1Bi Blood type B
"B Blood type AB
ii Blood type O

Are my family all the same blood type? ) )
FIGURE 2.93 The inheritance of
Can you have a blood type different from both of your parents?

blood type
The answer is yes! As shown in the example in figure 2.93, Mallory
(blood type AB) and her husband, Tom (blood type O), decide to have Punnett square for /B x ji
children. A Punnett square can be used to predict the blood types I = allele for blood type A
that are possible for their children. 18 = allele for blood type B

i = allele for blood type O
This calculates that each child has a 50 per cent chance of inheriting
blood type A or blood type B — blood types that neither parent Possible
pOSsesses. galistes

Iia B

j A; B
In fact, a parent with blood type AB cannot have a child with type O ' i i
blood. A parent with type O blood cannot have a child with AB blood. i A [Bi

Can you create Punnett squares to show why?

Offspring probabilities
Genotype:3 /4i : 3 I5i
Phenotype:;— blood type A: ;— blood type B

EXTENSION: Using Punnett squares to show sex-linked inheritance

The genes that have been considered so far have
been those on autosomes (chromosomes 1 to 22).
These types of genes show autosomal inheritance.
The genes for some traits, however, are located on sex Unaffected father Carrier mother
chromosomes. These traits are referred to as being
sex-linked. If they are located on the X chromosome,
the type of inheritance is called X-linked. If they are
located on the Y chromosome, it is called Y-linked.
The small size of the Y chromosome means it does
not contain many genes, and most examples of
sex-linkage that you will come across will be those of
X-linkage.

FIGURE 2.94 The inheritance of haemophilia.
The allele for haemophilia is shown in red.

Inherited gene and chromosome abnormalities may
result in genetic disorders. These can be slight, such
as red—green colour blindness, or more severe, such
as haemophilia, a disorder in which the blood does
not clot.

X X X X Xy XY

Unaffected Carrier Unaffected Affected
daughter daughter son son >
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The X-files

Haemophilia and some forms of colour blindness are
examples of X-linked recessive traits. This means that
females need to receive two alleles for the recessive trait,
whereas males need to receive only one. This is why
males are more likely to show these traits than females.

FIGURE 2.95 The inheritance of an
X-linked trait

Punnett square X&X® x X°Y
XB = allele for normal vision

. .
The genotype for X-linked traits includes the sex P SElED el EEll Eemoes

chromosomes in its description.

Possible 5 b
» Females may be heterozygous, XEX®, or homozygous, gametes X X
byb ByB
XOXP or X°XE. Xb XEXb XbXb
¢ Males only possess one X chromosome and so one
copy of the gene. They are referred to as hemizygous Y XBY Xby
and would have the genotypes XBY or X°Y.
When stating the phenotypes for X-linked traits it is Offspring probabilities
important to also specify the person’s gender (for Genotype: 1 XBXe:F XoXb: 4 XBY: § XY

example, colour blind male). . .
pIe, ) Phenotype: } normal vision female: } colour blind female:

When writing out the phenotype of an X-linked trait, it is % normal vision male: 1 colour blind male

important to also show the gender of the individual.

ACTIVITY: Researching sex-linked conditions

Research two examples of sex-linked conditions (one X-linked and one Y-linked), report on the characteristic
features for these conditions and explain their inheritance. Compare this with other individuals in the class.

Resources

eWorkbook Practising Punnett squares (ewbk-5372)
Interactivity Punnett squares (int-8131)

assessEm Additional automatically marked question sets

2.9 Exercise learn

To answer questions online and to receive immediate feedback and sample responses for every question, go to
your learnON title at www.jacplus.com.au.

Select your pathway

LEVEL 1 LEVEL 2 LEVEL 3
Questions Questions Questions
1,2,3,4 6,7,9, 11 5,8,10,12,13

Remember and understand
1.

Q

. Describe the function of a Punnett square.
. Provide an example of a Punnett square.
. State the genotype of the following individuals.
i. Heterozygous for a widow’s peak
ii. Homozygous for no widow’s peak
b. The two individuals from part (a) have a child. Show this in a Punnett square, and outline the genotypic and
phenotypic ratios.

o

2.

[V
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Apply and analyse

3. Predict the probabilities of the phenotypes and genotypes of the offspring of the following, using the
provided Punnett squares.
a. A homozygous brown-eyed parent and a blue-eyed parent
b. Two parents heterozygous for brown eyes

Punnett square for BB x bb Punnett square for Bb x Bb
B = allele for brown eyes B = allele for brown eyes
b = allele for blue eyes b = allele for blue eyes

B B B b
b B
b b

4. A student completed their Punnett square, but forgot to note down the genotypes and the phenotypes of the
parents when examining the earlobe trait. Determine the identity of the parents and enter this into the Punnett
square shown.

Punnett square for Offspring probabilities
A = allele for attached earlobes Genotype: .2Aa:2aa
a = allele for unattached earlobes Aa aa Phenotype: 2 attached

Aa aa | T

5. A majority of traits are inherited on autosomes. Some traits are inherited on the sex chromosomes. For an
X-linked recessive trait to be expressed, the allele for the dominant trait cannot be present. Suggest why
males have a greater chance of showing an X-linked recessive trait than females.

6. Two individuals are carriers for cystic fibrosis, a recessive trait that leads to issues with a membrane protein.
They are planning to have a child.

a. What is the chance that their child will have cystic fibrosis?

b. The two individuals have a baby daughter. At birth, screening shows that she does not have cystic fibrosis.
What is the chance this child is a carrier for cystic fibrosis?

7. An scientist crosses a two homozygous plants — one with yellow peas and one with green peas. All 150
resulting offspring are yellow.

a. What trait is dominant? How do you know?

b. What are the genotypes of the parents and the offspring?

c. Show this cross using a Punnett square.

The offspring are allowed to interbreed. Of the 800 offspring produced, 589 are yellow and 211 are green.

d. Show this in a Punnett square.

e. Does the Punnett square account for the results? Account for any differences.

f. Why is this known as a monohybrid cross?

8. In blood type, A type blood is dominant to O type blood. B type blood is also dominant to O type blood. The
alleles for each are represented as /* (for A type), I® (for B type) and i (for O type).

a. A mother who is homozygous for A type blood has a child with a father who has O type blood. Using a
Punnett square, show the likelihood for the different blood types in her child.

b. When an individual has both the /* and /? alleles, they have AB blood (as neither A or B are dominant over
each other; this is known as co-dominance). Construct a Punnett square showing the probabilities of the
different blood types if two AB parents have a child.

c. Determine the chance of a couple with blood types AB and A having a child with the following.

i. Blood type A
ii. Blood type B
ili. Blood type AB
iv. Blood type O
d. Can a father with blood type A and a mother with blood type B have a child with blood type O? Explain.
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9. Construct Punnett squares and use the provided table to assist you in answering the following questions.

TABLE Examples of dominant and recessive traits

Unattached earlobes

Attached earlobes

Mid-digital hair present

Mid-digital hair absent

Normal skin pigmentation

Pigmentation lacking (albinism)

Non-red hair

Red hair

Rhesus-positive (Rh +ve) blood

Rhesus-negative (Rh —ve) blood

Dwarf stature (achondroplasia)

Average stature

Widow’s peak

Straight hairline

a. Find the probability of Sally (who is homozygous for dwarf stature) and Tom (who has average stature)

having a child with dwarf stature.

b. Find the probability of Fred (who is heterozygous for dwarf stature) and Susy (who has average stature)

having a child with dwarf stature.

c. What is the chance of two parents who are both heterozygous for free earlobes having a child with attached

ear lobes?

d. Michael is heterozygous for mid-digital hair, whereas Debbie does not have mid-digital hair. What is the

chance of their children having mid-digital hair?

Evaluate and create

10. IEEl Some experts suggest that the major histocompatibility complex can influence mate selection.

1.

12,

13.

Research this claim and discuss your findings.
a. What is sexual selection? Give two examples.

b. How is sexual selection different from natural selection?
c. Suggest implications of sexual selection for our species. (You should describe inheritance in your response.)
d. Suggest the possible impact of sexual selection on your future reproductive life.

While the science of love is still in its infancy, advances in molecular biology and technology have

increasingly allowed us to peer through its window.

a. Find out examples of research on the chemistry of love or love potions.

b. Do you believe that this research should be continued? Justify your response.

c. Suggest possible issues that may arise with the knowledge obtained and its possible applications.
d. Discuss if, how and who should regulate or control this type of research.

IEE A farmer is tracking the size of his

crops over generations. He knows that tall 100 -

crops are dominant to short crops. Each g
generation he crosses the plants to a short 8 80 -
crop, and observes the phenotypes in the %‘
successive generation. The results of the E 60 -
crosses are shown in the following graph. &
a. Discuss the trends seen in this graph. g 40 4
b. Why does the short crop trait only g
appear for the first time in offspring S 204
in the third generation? Justify your g
response. & 5.

c. The farmer decides he only wants tall
plants. What genotype plant does he
need to breed from the short plant crop
he has in order to allow for this?
d. What would you expect to see in the fifth
generation? Show this using Punnett squares.

Phenotypes of crop plants in each generation

1 2 3 4
Crop plant generation

Fully worked solutions and sample responses are available in your digital formats.

H Long
H Short
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210 Interpreting pedigree charts

LEARNING INTENTION

At the end of this subtopic you will be able to interpret pedigree charts and describe patterns of inheritance

shown within them.

2.10.1 What are pedigree charts?

pedigree chart diagram showing

A diagram that shows a family’s relationships and how characteristics are passed on the family tree and a particular

from one generation to the next is a pedigree chart. A pedigree chart for Linda and

Geoff’s family is shown in figure 2.96.

FIGURE 2.96 An example of a pedigree chart

Linda Geoff

inherited characteristic for family
members

[ _

= Female with blue eyes

Q = Female without trait

e\ om

= Male with blue eyes

= Male without trait

Sarah  Genevieve Bree Cameron

Some rules for drawing pedigree charts are outlined

in figure 2.97.

FIGURE 2.97 Different symbols represent different aspects of a pedigree

1. To show the gender of an individual:

|:| a square is used to represent a male

2. To show which individuals show a particular trait, an

individual’s symbol is shaded and this information is shown

in a key next to the pedigree chart.

. Female with trait . Male with trait
O Female without trait |:| Male without trait

4. To show the marriage or breeding relationship between
individuals:
a line connecting the male and female is

D—O used to represent a breeding couple or
marriage.

Breeding relationship resulting in
an only child (in this case,
a daughter)

O a circle is used to represent a female.

3. To show carriers of traits, the symbol may have a

dot or be half shaded

@ Female carrier |Z| Male carrier

It is important to note, however, that carriers’ symbols
are not always dotted and may appear blank.

5. To show the offspring relationships:

0
[

a line from the breeding couple/marriage
line indicates children.

Breeding relationship resulting in
two children (in this case,
a daughter and son)
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2.10.2 Who’s who in a pedigree chart?

Pedigree charts can be used to
observe patterns and predict
the inheritance of traits within
families. Patterns in the
inheritance of these traits can
also show whether the trait

is dominant or recessive and
whether it is carried on an
autosome or sex chromosome.

The pedigree chart in figure 2.98
shows how individuals and
generations can be identified so
interpretation of patterns can be
more effectively communicated.
The shaded individual at the
top of the chart is identified

as I-1 (individual 1 in the first
generation) and the shaded
individual in the bottom row is
identified as III-3 (individual

3 in the third generation). The
daughters of individual I-1 are
identified as II-1, II-3 and I1-4.

FIGURE 2.98 Each individual is numbered and each generation

labelled in a pedigree chart

2.10.3 Naming inheritance

Je

The inheritance of various traits can be described in terms of the location of the gene responsible and whether
the inheritance is dominant or recessive. For traits located on the sex chromosomes (X or Y), the trait is
considered to be sex-linked. For traits located on the autosomes (1 to 22 in humans), the trait is considered to

be autosomal.

Some different types of inheritance are:

e autosomal recessive
autosomal dominant
X-linked recessive
X-linked dominant
Y-linked.

Pedigrees are a useful way to help determine how a trait may be inherited.

Some patterns in pedigrees include the following.
e Dominant traits cannot ‘skip’ generations — in order to have a dominant trait, at least one parent of
an affected individual must also have it (unless it is a new mutation). The trait can be seen in each

generation. Once it vanishes from a family, it does not suddenly reappear.

e Recessive traits can ‘skip’ generations; that is, a child can show the trait without either parents having it.

e Autosomal traits do not usually show an obvious gender skew.

o Sex-linked traits often have a gender skew.
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FIGURE 2.99 Determining type of inherita

Can you see the trait in each

generation of the family in

No

1. Do males mainly
show the trait?

X-linked ves | Sl T @

recessive
2. Do females who

nce from a pedigree

which it occurs?

Yes

1. Do only males

show the trait?

e.g. . . O Yes

2. Does the trait

show the trait have
fathers with it also?

No

Autosomal

recessive

pass only from
father to son?

eg. ._|_

lNo

Do all of the females and none of
the sons show the trait when
the father shows the trait and the

mother does not?

e.g.

X-linked

dominant

2.10.4 What can be inherited?

Many traits are inherited in various ways, whether this be sex-linked, autosomal, recessive or dominant. This is
also the case with many genetic diseases and disorders.

TABLE 2.8 Some diseases that can be inherited

Inherited disorder Type of inheritance Symptoms of disorder

Duchenne muscular dystrophy

X-linked recessive

O
D e e

No

Autosomal

dominant

Inability to walk from a young age due to the
lack of a functional protein dystrophin, which
is vital for muscle function

Haemophilia A and B (HEMA, HEMB)

X-linked recessive

Bleeding disorders

Fragile X syndrome

X-linked dominant

Intellectual disabilities and lower than
average IQ

Alport syndrome

X-linked dominant

Kidney disease and hearing loss

Huntington’s disease (HD)

Autosomal dominant

Usually mid-life onset; progressive, lethal
degenerative neurological disease

Intestinal polyposis

Autosomal dominant

Many small bulges in the colon form; may
lead to colon cancer

(continued)
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TABLE 2.8 Some diseases that can be inherited (continued)

Inherited disorder Type of inheritance Symptoms of disorder

Dwarfism Autosomal dominant Inhibited growth

Sickle-cell disease Autosomal recessive Red blood cells become deformed into a
sickle shape when oxygen levels are low,
which can lead to impaired mental function,
paralysis and organ damage

Thalassaemia (THAL) Autosomal recessive Reduced red blood cell levels

Cystic fibrosis Autosomal recessive Very thick mucus and phlegm produced in
lungs and pancreas, leading to respiratory
issues and blockage of many traits

ACTIVITY: Researching genetic disorders

a. In a group, make a list of human genetic disorders. Each person in the group is to write a report on one. Your
report could take the form of a poster or brochure.

b. Include which gene or chromosomal abnormality is responsible for the disorder and some of the
characteristics the affected person would show.

c. Find out whether organisations are available to support people who have the disorder and their families.

The regulation and timing of when genes are switched on and off is important in the onset of certain genetic
diseases. Many genes, such as those controlling the production of enzymes necessary for respiration, are active
throughout the life span of a person. Some are switched on only at particular times and in specific tissues. This
regulates development. Late onset genetic disorders, such as Huntington’s disease and a form of Alzheimer’s
disease, result from particular defective genes becoming activated later in life. Duchenne muscular dystrophy
or muscle deterioration is a disease that gradually develops from late childhood.

The inheritance of different traits
Figures 2.100 to 2.103 show four pedigrees for four different inherited traits.

FIGURE 2.100 Pedigree for cystic fibrosis: FIGURE 2.101 Pedigree for Huntington’s
autosomal recessive. It is able to skip disease: autosomal dominant. It does not skip
generations, and does not have a gender skew. generations, and does not have a gender skew.
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FIGURE 2.102 Pedigree for Duchenne muscular FIGURE 2.103 Pedigree for Fragile X: X-linked
dystrophy: X-linked recessive. It is able to skip dominant. It does not skip generations, and
generations, and shows an obvious gender skew. shows an obvious gender skew.
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Using pedigrees to determine genotypes

When you determine the type of inheritance from a pedigree, you can determine the genotypes of

each individual. If a genotype is unknown (that is, you do not have evidence if they are homozygous

or heterozygous), a dash can be used (A— means an individual may be AA or Aa). Often, you can
determine the genotype of an unknown individual by looking at their parents or offspring — see table 2.9.
(For table 2.9, assume A is the allele for the dominant trait and a is the allele for is the recessive trait.)

TABLE 2.9 Determining the genotype of an unknown individual

_ Affected female Affected male Unaffected female Unaffected male

Autosomal recessive AA or Aa AA or Aa
Autosomal dominant AA or Aa AA or Aa aa aa
X-linked recessive xaxa xay XAXA or XAXa XAY
X-linked dominant XAXA or XAXa XAY xaxa xay

Note: you should be confidently able to determine genotypes in autosomal traits. X-linked traits are extension for Year 10.

Resources

eWorkbook Pedigrees (ewbk-5327)

Video eLesson Autosomal recessive disorders (eles-4221)

Interactivity Pedigrees and genotypes (int-8122)
assessm Additional automatically marked question sets
2.10 Exercise learn

To answer questions online and to receive immediate feedback and sample responses for every question, go to
your learnON title at www.jacplus.com.au.

Select your pathway

LEVEL 1 LEVEL 2 LEVEL 3
Questions Questions Questions
1,2, 4,11 3,5,7,8 6,9,10,12,13

Remember and understand

1. State whether the following statements are true or false. Rewrite any false statements to make them true.

. If someone’s sperm or ovum carries a DNA abnormality, their child will be affected.

. Haemophilia is an X-linked recessive disease. A female may carry the haemophilia allele without knowing it.

. If a male has the haemophilia allele, he can only pass it to his sons.

. Circles in pedigree charts represent males.

. Pedigree charts can be used to observe patterns and to predict the inheritance of traits within families.
Patterns in the inheritance of traits in pedigree charts can show whether the trait is dominant or recessive,
but not whether it is carried on an autosome or sex chromosome.

2. Match the inherited disorder with its type of inheritance in the following table.

Inherited disorder Type of inheritance

S0 Q0 00O

a. Cystic fibrosis A. Autosomal dominant
b. Haemophilia A B. Autosomal recessive
c. Huntington’s disease C. X-linked recessive
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3. a. Outline two uses of pedigree charts.
b. Outline how you could describe the identity of individuals with the following notation in a pedigree chart.
i 1-1 i. 11-3 iii. 11-4
4. State the key difference between autosomal inheritance and sex-linked inheritance.
5. I An individual observes a pedigree for a specific trait. They observe that both males and females were
affected equally and the trait skipped generations. What is this trait most likely to be?
A. Autosomal dominant
B. Autosomal recessive
C. X-linked dominant
D. X-linked recessive

Apply and analyse

6. Huntington’s disease is an autosomal dominant condition. Refer to Huntington’s pedigree
the pedigree provided to answer the following questions.
a. If H = Huntington’s disease and h = normal, state the genotype(s) I 1 ' >

and phenotypes of the following.

i. 1-1 ii. 1-2 iii. 11-1

iv. [I-4 v. -5 vi. 11-3 _O
1 2 3 4 5

b. Use a Punnett square to predict the chances of the following.
i. I-1 and I-2 having a child with Huntington’s disease
ii. 1I-4 and 1I-5 having a child with Huntington’s disease

7. Refer to the pedigree of the family in the following diagram. The Pedigree of lip shape
inheritance of broad lips (B; unshaded individuals) is dominant to
the inheritance of thin lips (b; shaded individuals).

a. How many females are shown in the pedigree chart?
b. How many males are shown in the pedigree chart? D—
c. How many females have the thin lips trait? Maggy George Kurt Peter
d. Suggest the genotype of Maggy’s parents.
e. Suggest how Maggy inherited thin lips when her parents did not. @
f. Suggest the genotypes of (i) Peter, (ii) Kurt, (i) George and (iv)

Rebecca. Rebecca

8. The pedigree provided traces the recessive trait of albinism Albinism pedigree

in a family. The shaded individuals lack pigmentation and are
described as being albino. %wa B%
a. List any observations from the pedigree that support albinism

being a recessive trait. d) i]
b. If the albinism allele was represented as n and normal skin

Joey Phoebe Lisa Rachel|Ross Chandler

pigmentation as N, state the possible genotypes for each of
the individuals in the pedigree.

c. Is this trait sex-linked or autosomal? Explain your response.

d. If Rachel and Ross choose to have another child, what is the
chance that this child is albino?

9. The pedigree provided traces the dominant trait, a widow’s Widow’s peak pedigree

peak, in a family. ww  Ww Ww  ww

a. List any observations from the pedigree that support the
widow’s peak being a dominant trait.

b. If the widow’s peak allele is represented as W and the straight

hairline as w, state the possible genotypes for each of the

Monica Brad Amanda

Roger| Liz Norm| Rona

]

Mark Gareth

individuals in the pedigree.

c. If Jo and Mark were to have another child, what is the chance of
it having a widow’s peak?

d. If Ronnie were to have a child with a man who did not have a
widow’s peak, what is the probability that their child would have
a widow’s peak?

e. If Norm and Rona were to have another child, what is the
probability that they would have a child without a widow’s peak?

Nick Sarah Rachael Jo

Suzy Alex Ronnie
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10. Being colour blind is an X-linked recessive trait. Refer to Chris and Heather’s Colour-blind pedigree

family pedigree chart and information on their inheritance of colour blindness in Heather Chris
the following figure. XX XY
a. State the genotype for:

i. Chris ii. Heather.
b. State the phenotype for:

i. Chris ii. Heather.
c. Is it possible for Peter to have a child who is colour blind? Explain. .

Graeme Angela Peter
Evaluate and create

11. A couple, Doris and Joseph, have a daughter, Vicki, and two sons, Joey and Robert. Joey and Robert do
not have children, but Vicki has two daughters, Belinda and Alanna. Belinda is married to Paul and has two
children, a girl, Allira, and a boy, Hunter. Vicki is married to Chris. Chris’s parents are Doreen and Brian.
Chris has five brothers and one sister. His sister, Maree, is married to Wayne, and has four children: three
boys, David, Daniel and Johnno, and a daughter, Cassie.

The following individuals have blue eyes: Joseph, Joey, Belinda, Paul, Hunter, Allira, Wayne, David, Johnno
and Cassie.
Show this family as a pedigree and shade all those with blue eyes.

12. Jacob has hypertrichosis or werewolf syndrome, as does his mother. His Hypertrichosis pedigree
father, however, does not. Hypertrichosis is an X-linked dominant trait that
is characterised by increased hair growth on the face and upper body.

| 1 ' E‘Z
Jacob is shown in the following pedigree chart as individual Il-4. i
1 2 3 4

For the following questions, assume that X" = hypertrichosis and
X" = normal hair growth.
a. Use the Punnett square provided to determine the chances of Jacob’s

parents having children with the syndrome and state the chance of their
having the following. xH Xh
i. A daughter with hypertrichosis
ii. A son with hypertrichosis xh xH xh Xhxh
ili. A child with hypertrichosis

b. If Jacob had children with Bella (who does not have hypertrichosis), use a Y NGAY N

Punnett square to determine the chances of their child being the following.
i. A daughter who has hypertrichosis
ii. A son who has hypertrichosis
ili. A daughter who does not have hypertrichosis
iv. A son who does not have hypertrichosis
c. Since Jacob is affected with hypertrichosis, do his sons and daughters have the same chance of inheriting
the condition? Explain.
d. How does this compare to a father who has an autosomal recessive trait? If he shows the trait and his wife
does not, what are the chances that his daughters will show the trait? Explain.
e. How does this compare to a father who has an autosomal dominant trait? If he shows the trait and his wife
does not, what are the chances that his daughters will show the trait? Explain.
13. Queen Victoria was a carrier of the X-linked recessive
trait haemophilia. This trait affects blood clotting. Queen
Victoria carried the allele for haemophilia on one of her X
chromosomes. This germline mutation was passed on to
other members in her family. Use the pedigree provided to
answer the following.
a. What evidence is there from the pedigree that this trait is
X-linked recessive?
b. If X" = normal trait and X" = haemophilia, state the
genotype of:
i. Queen Victoria
ii. her husband
ili. her daughter Beatrice
iv. her son Leopold (Duke of Albany)
v. her granddaughter Alexandra
vi. her great grandson Alexei. 4
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c. If Queen Victoria and her husband had had another child, what was the chance of the following?
i. The child having haemophilia
ii. The child being a carrier for haemophilia

d. If Alexandra and her husband, Tsar Nikolas Il of Russia, had had another child, would they have had the
same chance of having a haemophilic son as her mother and father? Explain.

e. Suggest why our current Queen Elizabeth doesn’t have haemophilia and why none of her children are

haemophiliacs.
Beatrice

Albert
Queen Victoria

00 O O e

Edward | Alice of Duke of Albany
I Hesse (I) &] ‘ Alexandra &] ‘ ‘
Kaiser Wilhelm | George V Irene Frederick |Tsar Nikolas Il Alice of Victoria | Alfonso LeopoldMaurice

William of Russia Athlone

G MO G000m

Eugenie | XIll of Spain

= ﬁ% ?J &l .
Rupert Alfonso Gonzalo

Il of Germany

Edward George| Waldemar Henry Alexei
Vil Vi
Elizabeth Il Philip Juan
Key Carlos
E] Normal male . Haemophiliac male
Charles Andrew O Normal female, unknown @ Normal female, known
Anne Edward genetic status heterozygous carrier

Fully worked solutions and sample responses are available on your digital formats.

211 Exposing your genes through genetic testing

LEARNING INTENTION

At the end of this subtopic you will be able to provide examples of several types of genetic tests, suggest
reasons for using them, and outline issues relating to their use.

2.11.1 Do you know what you are carrying?

How much do you want to know .about your genes? How much do you ne?ed to FIGURE 2.104 Usually,

know about the genes of a potential partner or members of your own family? you don’t know exactly

How can information within your genes for used for you — and against you? what you are carrying in
Who should have access to your genetic information, and what should they be your genes

allowed to do with it?

What are genetic tests? Can you fail them? How can you find out if you have
genetic variations that can predispose you and future generations to genetic
disorders? If you do, so what?

2.11.2 Genetic tests

A variety of tests can be used to find out the genetic information within your cells. These tests may involve the
direct examination of your DNA, microscopic examination of stained chromosomes, or biochemical tests to
determine the presence or absence of specific proteins.
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Genetic tests can be used to help identify specific genetic variations within your DNA that may relate to your
genetic family relationships or to your health. As well as being used to determine gender, genetic tests can be
used for the diagnosis, prediction or predisposition to particular genetic diseases or other inherited traits.

Genetic tests may be performed prenatally (before birth), or on newborns, children or adults. Depending on
their focus, different types of genetic tests are used. For example, some of these tests focus on predicting
the likelihood of possessing or passing on a particular inherited disorder, while others focus on whether you
actually possess the genetic variation.

Carrier testing

Are you or your partner (or future partner) a carrier of an allele for a recessive trait?

We are all carriers of one or more recessive genetic disorders. Often, the trait will never appear in future
generations, because it relies on two parents being carriers for the same disorder. For some of these disorders,
however, knowledge of a family history can lead to recommendation for carrier testing. This test can determine
the presence of the allele for a recessive trait.

For example, cystic fibrosis (CF) is an example of an autosomal recessive disorder. If you were heterozygous
for CF, you would not show the condition — but you would carry the CF allele, and could pass it on to your
children. If a couple were both heterozygous for CF, they would each carry a copy of the CF allele. As a
consequence, the chance of each child inheriting two CF alleles and hence having CF would be 25 per cent.
Individuals with family histories of cystic fibrosis often undergo carrier testing.

While carrier testing may not change the couple’s plans regarding the conception of their children, it may arm
them with knowledge that may result in beneficial management after their arrival.

Preimplantation testing

Can in vitro fertilisation (IVF) embryos be screened for genetic abnormalities before they are implanted?

Increased use of IVF and assisted reproductive technologies has resulted in the development of other related
reproductive technologies. Embryos created using assisted reproduction may be tested for a variety of specific
genetic disorders prior to their implantation into the uterus. This testing is particularly useful when concerns
about the mother’s age are present, meaning the chance of chromosomal abnormalities is increased, or where
there is a family history of a particular genetic disorder. As such, the most viable embryos can be selected with
an increased chance of survival.

FIGURE 2.105 Preimplantation genetic diagnosis process
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: FISH | .

U 1 b g | i %

'_'_Pu ; * Select " —_— 1"

IBIastomere: . Gene Array Embryo transfer

I(1-2 cells) ' | and development
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: ) Genetic analysis

Discard the embryos
Cell fixation or lysis and carrying abnormal genes
genomic amplification

Blastocyst
Oocyte or embryo biopsy
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Prenatal screening

Can tests be done to detect abnormalities of a baby when
the mother is still pregnant?

Prenatal screening tests can be performed to detect
abnormalities in the fetus during pregnancy. These include
biochemical tests and analysis of the number and structure
of chromosomes. Depending on the stage of development,
different procedures are used to collect fetal cells for
analysis.

Chorionic villus sampling (CVS) (as shown in

figure 2.106) is a procedure in which genetic information
about the embryonic cells may be obtained. Usually
performed around six to eight weeks of pregnancy, CVS
involves removal of tissue from the chorion (a membrane
surrounding the fetus which is genetically identical to the
embryo).

Another procedure, called amniocentesis (also shown in
figure 2.106), is used to collect a sample of the amniotic
fluid surrounding the fetus. Usually performed around 16 to
18 weeks, the enzyme function of the fetal cells within the
fluid may be tested. The amniotic fluid may also be tested
because the presence of some substances within it may
suggest a metabolic disorder.

Amniocentesis and CVS can be used in the identification of
genetic and chromosomal abnormalities.

However, these types of techniques do involve some risk of
miscarriage or damage to the fetus.

More recently, less invasive tests have been developed.

One such example is the aptly named non-invasive prenatal
testing (NIPT) which involves first and second trimester
serum screening using a sample of the mother’s blood. Cell-
free DNA testing is another example that looks at the baby’s
DNA in the mother’s blood.

Newborn screening

Does a newborn baby have PKU, hypothyroidism or cystic
fibrosis?

Australian state screening laboratories test newborn babies
for metabolic disorders such as phenylketonuria (PKU)
and galactosaemia, and other disorders such as cystic
fibrosis and hypothyroidism, as outlined in table 2.10. One
way these tests are performed is through a heel prick test
(or Guthrie test). This early testing allows intervention
that may increase the chance of successful treatment.

The problem, untreated symptoms and incidence of these
disorders is also shown in table 2.10.
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FIGURE 2.106 Chorionic villus sampling
(CVS) and amniocentesis are two processes in
prenatal screening.
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heel prick test

prenatal screening testing a
fetus during pregnancy to detect
any abnormalities
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collected from the amniotic fluid
around a fetus



TABLE 2.10 Screening tests for genetic disorders

Genetic disorder Problem Symptoms untreated Incidence
Phenylketonuria (PKU) Enzyme that metabolises Excessive levels of 1in 10 000
phenylalanine to tyrosine phenylalanine in brain
defective or not produced tissue can cause brain
damage
Galactosaemia Enzyme that metabolises Excessive levels of 11in 40 000
galactose defective or not | galactose in the blood can
produced result in failure to thrive
Congenital Absent or poorly Slowed growth and brain 1in 3500
hypothyroidism developed thyroid gland development
Cystic fibrosis Altered form of a transport | Respiratory and digestive 1in 2500
protein that is not able to problems; shortened life
do its job expectancy

2.11.3 Predictive testing

If a family member has been diagnosed with a genetic condition, are you likely to develop this condition later
in life?

Predictive testing can be used to detect genetic disorders that may be evident after birth — often later in life. This
type of testing can help identify mutations that increase your chance of developing disorders with a genetic basis,
such as breast cancer (BRCA1 or BRCA2 mutations) and Alzheimer’s disease (variant of APOE gene).

Another example of this testing can be performed for Huntington’s disease. Huntington’s disease (HD) is an
autosomal dominant inherited brain disorder that causes specific cells in the brain to die. The HD mutation
results from a three-base sequence (for example, C-A-G) repeated many times (triplet repeat expansion).
Although the mutation is present at birth, symptoms do not usually appear until adulthood. By this time, the
person may have already had children of their own. Although the disease still has no cure, predictive testing
provides affected individuals with knowledge of their status for the disease.

SCIENCE AS A HUMAN ENDEAVOUR: Genetic counselling

Genetic counselling involves helping individuals,
couples and families understand and adjust to the
implications of a genetically related health condition.
Genetic counsellors can work directly with patients
and their families. They also often work in hospitals
in collaboration with medical specialists. Genetic
counsellors may help with questions such as:
e We’re thinking about starting a family, should
we be genetically tested?
¢ What is the genetic condition and what are its
related risks?
e What does the genetic test entail?
e What will the genetic test tell me?
e What do the results of the genetic test mean to
me — and to my family?
* Now | have the results, what next?
¢ What sort of health care decisions to | need to
make?
¢ We need help dealing with this. What are our
options? What types of support is available?

FIGURE 2.108 Genetic counsellors are important in
the processes around genetic testing.
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Resources

Weblinks Cystic fibrosis and carrier screening
What is genetic counselling?
Can genetic testing services really predict your future?
New genetic testing technology for IVF embryos

2.11.4 Tools for genetic testing

Scientists use various tools in laboratories to
analyse samples for genetic testing.

FIGURE 2.109 Probes help detect a specific sequence

in DNA.
Gene probes Radioactive probe (DNA)
Gene probes can be used to find out if an ATCCGR
individual is carrying an allele for a particular The probe is mixed
genetic disease. These are short sequences of ‘[’)"K‘L‘\Sf'rg?]'qe\'/:?izged
DNA that contain complementary bases to the bacterial clones.
allele under investigation. Single-stranded DNA

DNA from the individual being tested is
extracted and the DNA strands are separated. %
These single DNA strands are then mixed with

the appropriate gene probe. If the sample DNA
and the gene probe pair up, the result is positive
for the presence of that particular allele.

DNA profiling and DNA fingerprinting

DNA fingerprinting has been useful in forensic investigations,
paternity tests, evolutionary studies (to determine the relatedness of
different organisms), and to search for the presence of a particular
variations of a gene.

Both DNA fingerprinting and DNA profiling use patterns in repeating
base sequences of DNA for identification.

DNA profiling is more commonly used today and involves the use
of gel electrophoresis to sort DNA fragments on the basis of their
size and charge. In DNA profiling, PCR is used to produce multiple
copies of the specific repeating base sequence. This is because it

requires less DNA, is faster, provides more easily interpreted patterns,

uses fluorescent labelled probes rather than radioactively labelled
probes, and is able to distinguish between allele sequences of just
one pair.
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EXTENSION: DNA chips

DNA chips or DNA microarrays enable the presence of a
range of gene variations to be investigated at the same time.
DNA chips can measure expression levels of a large number
of genes simultaneously, and determine the genotype in
multiple regions of a genome.

DNA chips are made up of probes consisting of short
fragments of selected genes attached to a wafer. Adding a
sample of an individual’s DNA to a particular type of DNA chip
will result in a ‘light up’ response in the presence of one of
the genes being tested for. This positive response is caused
by the matching DNA locking onto the relevant probe on the
chip. For example, a chip that contains probes for cystic
fibrosis will only lock onto the cystic fibrosis gene (allele)
within the DNA sample.

FIGURE 2.111 A DNA chip

Resources

Weblink DNA chip

2.11.5 Implications of genetic testing

Genetic tests can be used for the diagnosis, prediction or predisposition to particular genetic diseases or other

inherited traits.

DISCUSSION

Should embryos be screened for their potential of carrying specific genetic disorders? If they are, what happens if
the genetic test is positive? If prenatal diagnosis of the fetus during pregnancy identified the presence of an allele
that codes for a genetic disorder, what are the consequences of knowing this information? Likewise, if the blood
of a newborn baby tests positive for PKU, how may this information be used?

The construction of DNA databases, applications of bioinformatics and increased availability of other types

of DNA profiling techniques will open up many new questions, problems and issues. Who owns the resulting
genetic information and decides what is done with it? Who should make these decisions? Who should access
the information? Could insurance companies or employers reject individuals based on genetic testing results?

DISCUSSION

Read the following headlines and discuss your thoughts related to these. You may wish to research the topics.

FIGURE 2.112 Headlines around genetic testing

A Harvard scientist is developing a
DNA-based dating app to reduce
genetic disease. Critics call it eugenics.

Should you get tested for
the breast cancer genes?

How to protect your DNA data before
and after taking an at-home test

DIY genetic testing can unveil the
mystery of your ancestry — but
what happens to your data?

Can genetic testing services
really predict your future?

Harmful or helpful?
Researchers urge caution on
genetic testing for children

Employees jump at genetic
testing. Is that a good thing?
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2.11.6 Genetic ancestry testing

How much do you want to know about your family and its history? Family historians used to search through
documents in archives in their quest to find out more about their ancestral roots. Advances in both information
technology and genetic technology have changed not only the information that they can now gain, but also
the manner in which it is obtained — and shared. As a result of increased access to DNA tests, digitised
documents, shared databases and pedigree charts, the landscape of identity of genealogy itself is changing.

Genetic genealogy involves the use of genetic tests (as well as traditional genealogical methods) to infer
biological relationships (rather than only historical) between individuals. Because we do not inherit all of the
genes of all of our ancestors, our genetic lines of descent can differ from the previous identity stories told by
family historians. This pattern is expected due to the way in which DNA is inherited between generations.

Implications of genetic ancestry testing

While the number of people using genetic ancestry testing continues to increase, so do the issues that surround

it. Some issues relate to ownership and privacy. For example, what is done with the genetic information and who
has access to it? Also, if a family member is tested, much of the genetic information of other family members can
also be inferred. Unexpected results also create issues. Some individuals, for example,

have found out that they were not biologically related to the family that they thought genetic genealogy the use
they were, or have found family that they didn’t know that they were related to. Is this of DNA along with other
technology regulated? What, if any, obligations do the companies that perform genetic genealogical tests to infer

. L. . .- .. relatedness between individuals
ancestry testing have towards the individual, their families and global communities?

Resources

eWorkbook  Genetic testing (ewbk-5329)

Weblink The limits of ancestry DNA tests, explained

assessm Additional automatically marked question sets

2.11 Exercise learn

To answer questions online and to receive immediate feedback and sample responses for every question, go to
your learnON title at www.jacplus.com.au.

Select your pathway

LEVEL 1 LEVEL 2 LEVEL 3
Questions Questions Questions
1,4, 6, 11 2,5,7,8,12,14 3,9, 10,13, 15, 16

Remember and understand

1. State whether the following statements are true or false. Rewrite any false statements to make them true.
a. Genetic tests can provide information that can be used in the diagnosis, prediction or predisposition to

particular genetic diseases or other inherited traits.

. Genetic tests can be used in carrier screening for genetic mutations, but not for gender determination.

. Carrier testing can be used to determine the presence for the allele for a recessive trait.

. Prenatal screening tests are used to detect genetic disorders in newborn babies.

. Amniocentesis and chorionic villus sampling can be used in the identification of chromosomal abnormalities.
If you receive a positive result for a genetic disorder using predictive testing, you will develop the disorder.

S0 Q0 00T
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2. Match the genetic test to the question it may resolve in the following table.

a. Carrier testing A. Although I’'m still pregnant, can | check if my baby has any chromosomal
abnormalities?

b. Newborn screening B. Am | a carrier of an allele for a recessive genetic disorder?

c. Predictive screening C. Before implanting my IVF embryo, can | check if it has any significant
genetic disorders?

d. Preimplantation D. Does my newborn baby have any genetic disorders associated with
screening beneficial early intervention?
e. Prenatal screening E. My grandmother had breast cancer. Can | check if it had a genetic basis and

if | carry the BRCA mutation?

3. Use the information in the text on DNA fingerprinting and profiling, and in the following DNA fingerprinting
figure to explain how this process may allow for genetic disorders to be diagnosed.

Extract the DNA from the
sample.

Cut the DNA into fragments using
restriction enzymes, which cut at
4 certain base sequences they

4. recognise.

Separate the DNA
fragments on the basis
of their length, using
electrophoresis.

Immerse nylon sheet in bath with
DNA radioactive probes. Probes
bond to the core sequences

of the sample DNA fragments.

Split the DNA into single strands [, e
and transfer them onto a nylon ;
sheet. . i _._,E ™ Expose nylon sheet to X-ray film. The

;\ | radioactive probes attached to DNA
B | fragments show up as dark bands.

4. Suggest six reasons for using genetic tests.

5. State three genetic disorder screening tests performed on newborn babies and explain why these tests are
important.

6. Outline similarities and differences between chorionic villus sampling and amniocentesis.

7. a. List four reasons for using DNA fingerprinting.
b. Distinguish between DNA fingerprinting and DNA profiling.

Apply and analyse

8. [E& Suggest ways in which information from genetic tests may be used by organisations such as insurance
companies, medical facilities and workplaces.
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9. [EEAl The symptoms of the autosomal dominant inherited

Analysis of a HD pedigree

disorder Huntington’s disease (HD) don’t usually appear I 10—|—E12
until the affected person is over 30 years old. Predictive
testing can be carried out to determine an individual’s I 1 (I> 2 &] 3 &] c
: . . ontrol

genetic status. In the following figure, H represents the M 2 11 -2 I3 markers
faulty HD allele and h the normal allele. The mother, I-1, _ _ —  — |48 repeats
is currently showing the symptoms of HD and has the H allele
genotype Hh.
a. Suggest the genotype of the following. _ _ 18 repeats

i. Individual II-3 - = = — — T |hallele

ii. Individual I-2

b. Suggest whether the children are likely to develop HD. Justify your response.

c. Find out more about HD and current related research and issues.
10. BRI Duchenne muscular dystrophy (DMD) is an inherited X-linked

recessive disorder. The provided figure shows a pedigree and

RFLP patterns that were obtained using a direct gene probe.

Those individuals affected are shaded.

a. State the individuals with DMD.

b. Describe the RFLP pattern of those individuals with DMD.

c. If the mother, I-2, is a carrier of the DMD gene, which of her
daughters is also a carrier?

d. Is the father, I-3, a carrier of the DMD gene? Explain.

11. The provided diagram shows the DNA fingerprint of a victim,

the DNA fingerprint from evidence taken from her body after an

attack, and the DNA fingerprints of three suspects.

a. Using the information in the DNA fingerprints, which of the three
suspects is most likely to be guilty of the crime against the victim?

b. Give reasons for your response to part (a).

c. Suggest why a sample was taken from the victim as well as the
foreign DNA sample being collected from her body.

d. i. State some other forensic diagnostic tools that exist to

identify those guilty of crimes.

ii. How do these compare with DNA fingerprinting?

Evaluate and create

Analysis of a DMD pedigree
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Forensic Gel: 00428
Date: 22 February 2014
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12. What is thalassaemia? Research the screening and diagnostic tests for this genetic disorder. Find out more
about the Thalassaemia Society and its involvement in genetic counselling. Create a visual representation of

your findings.
13. IEE Suggest implications of patenting any of the following.
a. Genes
b. Gene products
c. Specific drugs that target a gene or gene products

14. What are bioethics and how do they relate to genetic testing? Research the use of a particular type of
genetic testing. When involved in a bioethical discussion, you need to consider the questions listed in the

following figure.

1 What is the issue?

2 Who will be affected by the issue?

3 What are the positive points of view? (Who or what benefits, and why and how?)

4 What are the negative points of view? (Who or what is disadvantaged, and why and how?)

5 What are some of the possible alternatives?

6 How may these alternatives affect those involved?

7 What is a possible solution that may be acceptable to those involved?

8 What is your opinion on the issue?
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15. a. Find out what types of genetic testing occur in Australia.
b. Are there any laws, rules or regulations associated with genetic testing? If so, what are they?
c. List examples of different views and perspectives on genetic testing.
d. Suggest why there are differing views.
16. Use the New genetic testing technology for IVF embryos weblink (available in the Resource tab) to
answer the following questions.
. What does PGD stand for?
. What does the PGD test identify in embryos? Include four specific examples in your response.
. Outline the opportunity that this test offers families with histories of genetic disorders.
. Outline a negative aspect of the PGD test.
. At which stage is the embryo when a single cell is removed from it?
. Are you aware of any bias in the article? How many different perspectives were included? If you were to
write the article, what other information or details might you include?

- D Q0 T

Fully worked solutions and sample responses are available on your digital formats.

212 Biotechnological tools to edit the genome

LEARNING INTENTION

At the end of this subtopic you will be able to provide examples of how advances in our scientific understanding
have led to the development of a variety of biotechnological tools, techniques and applications.

Are we in the middle of a molecular biology and biotechnology revolution? What new discoveries will the
future bring and what implications will they have on our lives?

2.12.1 Biotechnological revolution

Human genes in bacteria? Insect genes in plants? Cotton plants producing granules of plastic for ultra-warm
fibre? While these may sound bizarre, they already exist.

We are living in a time of biological and technological revolution. Advances in our scientific understanding are
often a result of developments in technology and technological advances. Such advances in biotechnology are
gathering momentum so fast that our lives will never be the same. We are speeding towards a future in which
science fiction is no longer fiction.

2.12.2 Just science fiction?

If you saw the movie Jurassic Park, you may recall the scene in which scientists extract dinosaur DNA from
mosquitoes that had been trapped in amber. They place this prehistoric DNA (with a mix from some other
living organisms to fill the gaps) into surrogate eggs. While the science in Jurassic Park has more than a few
holes in it, we do have (and are still developing) technologies to mix the DNA from different species together,
and clone genes, some types of tissues and organs, and entire organisms. We are also able to manipulate the
DNA of organisms so that they make proteins and possess features that they previously did not.

2.12.3 Genetic engineering — tools and techniques genetic engineering one type

of biotechnology that involves
Genetic engineering is one type of biotechnology that involves working with DNA, working with DNA
the genetic material located within cells. Genetic engineers use specialised tools and genetic engineers scientists who
techniques to cut, join, copy and separate DNA. These are outlined in table 2.11 and use special tools to cut, join, copy

and separate DNA
figure 2.113.
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TABLE 2.11 Different tools in genetic engineering

FIGURE 2.113 Genetic engineering tools

Restriction enzymes to  Electrophoresis to separate  DNA probes to find

Tool Job cut DNA into fragments  these fragments by their particular DNA
. . t precise locati i
CRISPR-Cas9 Edits sections of DNA at precise focations sizeand charge fragment
’ ; ; G 7115nm, |
Bacterial plasmids Gene cloning !:mm_] ((Ana DNA;,:'
{ = o)
Restriction enzymes Cuts DNA into fragments %
at precise locations B,
Electrophoresis Separates DNA i
fragments by their size
DNA probes Finds specific DNA Ligase enzymes to Vectors to transport Gene cloning to obtain
fragments join DNA fragments DNA into cells multiple copies of genes
together
Ligase Joins DNA fragments
Vectors Transports DNA into cells
Polymerase chain Amplify (make
reaction (PCR) large quantities) of
specific DNA

ACTIVITY: Science fiction and genetics

Find out more about careers in genomics and genetic engineering, and research
science fiction stories that include inheritance of interesting traits or genetic
engineering. Based on your research, construct your own science fiction story about
how knowledge of genetics may change our lives in the future. Share your work as a

short story, animation or multimedia movie.

restriction enzymes enzymes
that cut DNA at specific base
sequences (recognition sites)
DNA ligase an enzyme that joins
DNA fragments together
recombinant DNA a molecule of
DNA that contains fragments from
more than one source

Restriction enzymes and DNA ligases

Need to cut and paste DNA? Genetic
engineers use two types of enzymes
as tools to achieve this.

Restriction enzymes (also known

FIGURE 2.114 Cutting with restriction enzymes

restriction enzyme restriction enzyme
recognition site recognition site

as endonucleases) act like scissors,
cutting the double-stranded DNA

molecule at a specific recognition
site. Each restriction enzyme has its
own particular DNA sequence that

it cuts at. As a result of this cutting,
two overhanging ends (‘sticky ends’)
that expose nucleotide bases at each
end may be produced.

If the same restriction enzyme

is used to cut another sample of
DNA, the DNA fragments will
have complementary ‘sticky ends’.
Like glue, DNA ligase can join

these DNA fragments together. If
the fragments were from different
sources, recombinant DNA has
been produced.

unbound strand
(‘sticky’ end)

156 Jacaranda Science Quest 10 Victorian Curriculum Second Edition



Polymerase chain reaction (PCR)

Need more DNA? No problem! As introduced in section 2.6.6 and shown in figure 2.56, PCR is a technique
that can be used to produce large quantities from an original DNA sample. PCR takes place in a thermal cycler.
Three steps (denaturation, annealing and elongation) are repeated each cycle. While one cycle can yield two
identical copies, 30 cycles can produce over a billion identical copies of the original DNA.

Gel electrophoresis

Gel electrophoresis is a technique that is used to separate FIGURE 2.115 Gel electrophoresis
molecules based on their physical properties such as their size separates DNA based on size

and electric charge. This technique can be used to separate DNA
fragments that have been cut into different sizes by restriction
enzymes. DNA markers (DNA molecules with a known size) can JQHE—:_—_ ey

be used as standards to estimate the size of the DNA fragments.

An electrical current forces the DNA fragments to move through
the pores of the gel. As the negatively charged DNA moves
towards the positive electrode, the smaller DNA fragments move
faster than the larger DNA fragments.

Vectors and gene guns

Agrobacterium tumefaciens is a soil bacterium. This bacterium is able to get inside and infect many plants, such
as vines and fruit trees. In doing so, it transfers a tiny piece of its DNA into the host cell. This programs the host
cell to make chemical compounds for the sneaky bacterium to feed on. Genetic engineers saw the possibility of

using this bacterium as a vector to carry the genes they wanted from one plant into another.

Other kinds of bacteria and viruses act as vectors and carry genetic information from one organism (or one
synthesised to be like that organism) to another organism.

Vectors can be used to carry genes for producing protein in soybean and sunflower gel electrophoresis a
technique used to separate

plants, enzymes to control chemical processes, or compounds that keep insects or molecules based on their size
pathogenic viruses at bay. through an agarose gel

Gene guns have also been used to insert foreign genes into plant tissues.

Fine particles of gold are coated with the DNA and shot into the cells. FIGURE 2.117 Gene guns
Some cells are killed in the process, but some survive. The surviving can be used to insert DNA
cells multiple by mitosis and can develop into complete plants with an into cells.

altered genotype. Many plant crops such as maize and soybean have had
favourable genes added to them in this way.

FIGURE 2.116 Inserting foreign DNA into plants

’\N Chromosome
T-DNA
/& Ti plasmid

Chromosome
DNA

/.

Agrobacterium Transformed
tumefaciens plant cell
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Resources

Video eLessons = Sample preparation for DNA electrophoresis (eles-2699)
DNA amplification (eles-4164)
Restriction enzymes (eles-4212)

Weblinks PCR
Electrophoresis

2.12.4 Some applications of gene technology

Genetically modified organisms

Do you want your tomatoes to be frost resistant? Just add the genes from Arctic fish! The addition of genes
from Arctic fish to the genome of tomato plants is example of recombinant DNA technology. The DNA has
been recombined. The feature coded for by the foreign gene is then expressed by its new host — so no more
tomato ‘frostbite’!

Genetically modified organisms (GMO) contain artificially altered DNA. They may have had an existing gene
altered, deleted, or ‘switched off’ — or a foreign gene added. If the foreign gene has come from a different
species, such as the frost resistant tomato just mentioned, the result would be a transgenic organism.

Table 2.12 provides some examples of ways in which the genomes of genetically modified organisms may be
altered, and some reasons for doing it.

TABLE 2.12 Why do we genetically modify?

What'’s the change? Why do it? What’s an example?
Existing gene altered To alter the expression of a gene Plants making more protein; gene
therapy; growth hormone
Existing gene deleted or Prevents the expression of a Control ripening in fruit (e.g. Flavr-Savr
‘switched off’ particular trait tomato) to extend shelf life
Foreign gene added A trait associated with the donor Bacteria with human gene inserted into
gene may be expressed their DNA make human insulin

Genetic manipulation techniques are now widely used. For example:

e Crop plants can be genetically engineered to grow in a variety of conditions, or
even to make their own insecticide so that they are pest resistant!

e The shelf life of fruit such as tomatoes can be extended by switching off the
ripening gene in tomatoes.

e The addition of the genes that code for proteins such as insulin, clotting factor .

. K R recombinant DNA technology

VIII or growth hormone can be put into microbes (such as bacteria and yeast) technology that can form DNA

so that they become tiny protein-producing factories. that does not exist naturally, by
combining DNA sequences that
would not normally occur together
genetically modified organism
DISCUSSION a organism where the genome has
been altered

a. Use the internet to identify five examples of genetically modified food. . .
. R transgenic organism an
b. Research these GM foods and summarise your findings. organism with genetic information
c. Would you eat genetically manipulated food? Why or why not? from another species in its
d. Discuss your views with others. genome
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Cloning

FIGURE 2.118 Various techniques are involved in cloning.

types of

Reproductive
cloning

Separation of cells from
developing embryo

implanted into

Surrogate
mother

produce

Identical
offspring

Gene cloning

As can be seen in figure 2.118, a variety of
different types of cloning are possible. Gene

Nuclear transfer
cloning

implanted into

produce

Nucleus extracted from somatic

inserted into

Fertilised egg cell that has its own

nucleus removed or destroyed

Surrogate Chemicals to control cell
mother growth and differentiation

cloning involves making multiple copies of genes.

More copies of the gene means more potential
production of the protein that it codes for.

An example of gene cloning is when the gene

Bacterium

treated with

Therapeutic
cloning

cell of (adult) organism (DNA donor)

produce

Offspring identical Particular types of
to DNA donor tissues and organs

Q

that codes for a specific protein is inserted into Plasmid DNA

circular pieces of DNA, known as plasmids, in

bacteria.

Bacteria with these altered plasmids can then
act as micro factories and produce considerable

quantities of proteins, such as insulin for diabetics
and the clotting factor VIII for haemophiliacs.

A/ Restriction

O O h;

Plasmid

Gene
cloning

Specific gene cut
out of donor cell

inserted into
v

DNA of bacterial host cell by

vector (e.g. plasmid or virus)

cell division | produces
4

Many bacterial cells

with inserted gene

produce

Desired protein
product

FIGURE 2.119 Bacteria with the human gene inserted

into their DNA make human insulin.

Human cell

Gene

41 Restriction
enzyme

TS

(&)

Bacterium

TOPIC 2 Getting into genes 159



Nuclear transfer cloning

SCIENCE AS A HUMAN ENDEAVOUR: The story of Dolly the sheep

The story of Dolly the sheep began at the Roslin Institute

in Scotland or, more specifically, as a single cell from A= 20 2or Hey Ballly e slieap BEs

the udder of a ewe. Follow her story in the diagram in SREIEE

figure 2.120. A donor cell is taken from a sheep’s udder.

Dolly made history as the first mammal to be cloned from & E:;ZLS

a single adult cell using somatic cell nuclear transfer. 0o ) ®-

Until then, biologists did not believe that once a cell A D\‘ j) - These two cells are
had developed and become specialised, it could be -, fused using an
reprogrammed to become different. ¥ slectric shock.

A group of cells that come from a single cell by repeated Egg ceu] \

mitosis have the same genetic coding as each other. They '

. _% » The nucleus

are clones of each other. All of Dolly’s cells came from of the egg celll *

An egg cell

the original fusion of an unfertilised egg and DNA from an is taken fromis removed.

udder cell. Because no genetic input came from another an adult sheep. The fused
sheep, Dolly was a clone of the parent ewe from which the cell begins
udder cell came. Cloned lamb Y% dividing

& & = » "3 normally.
During her life, Dolly gave birth to six lambs. Other clones c N 3) ! ‘ B
of Dolly were also created, many of which are still alive 6‘ ' b Embryo

today. While Dolly was the first cloned mammal, this - The embryo is

d the way for the cloning of other mammals includin The embryo PR I O LTS
pgve Y 9 9 develops normally of a foster mother.
pigs and horses. into a lamb - Dolly.
DISCUSSION

While the cloning of mammals has been performed since the 1990s, no humans are yet to be cloned.

Do you think human cloning should be used? Outline and discuss advantages and disadvantages around this,
and your thoughts about this as a possible technology.

Resources

Video eLesson Ancient resurrection (eles-1070)

Weblink Click and clone

2.12.5 Gene therapy and CRISPR-Cas9

The goal of gene therapy is to use genes to treat or prevent disease. This experimental technique could be
used to introduce a new gene, or to inactivate or replace an allele responsible for a genetic disorder.

While there has been success in some cystic fibrosis trials, there have also been complications. Issues have
arisen with the use of some types of viruses as vectors to deliver the new genetic material into humans, and
serious health risks to the human patients involved have also developed.

Because gene therapy has the potential to alter an individual’s DNA, it has also raised a variety of ethical
concerns. Some of these relate to the decision regarding which genes can or should be tampered with — and

also whether changes should only be performed on somatic cells.

L . . . gene therapy altering genes with
Although gene therapy is still experimental, other technologies are being developed the intention to treat or prevent

that may alter this in the near future. One of these is called CRISPR-Cas9. disease
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CRISPR — need your genome edited?

CRISPR — clustered regularly interspaced short FIGURE 1.121 A target sequence (in purple)
palindromic repeats — is an example of a technology that allows for the DNA to be cut at a specific location.
has been developed for genome editing. This technology -
exploits a quirk in the immune systems of bacteria.

Bacteria capture snips of DNA from invading viruses
and then display them as DNA segments called CRISPR
arrays. These essentially serve as a gallery of criminal
mug shots. If a future attack matches a mug shot in the
gallery, the bacteria produces RNA segments that target
the invader’s DNA. An enzyme, such as Cas9, then chops
up the viral DNA and neutralises the threat.

CRISPR technologies have allowed us to:

e edit genomes quickly and cheaply, with the potential
to delete or add genes to genomes and to control
which genes get expressed

e determine the function of different genes by targeting and silencing genes and seeing what traits are
affected.

CRISPR concerns

While much excitement surrounds the potential of CRISPR technology, concerns also exist. In some situations
the Cas9 enzymes have misfired and edited DNA in unexpected places. Could the use of CRISPR result in
not just the editing of an individual’s genome, or even just the next generation, but the altering of genomes of
entire species?

ACTIVITY: Media articles and gene technologies

In a group, compile a folio of about ten journal and other media articles relating to gene technology. Make sure
you note the date and source of each one. Each person will choose an article to analyse. In your analysis include:
a. the kind of gene technology being reported on

b. a simple description or explanation of the particular example of technology

c. any issues relating to the example.

DISCUSSION

Do-it-yourself creation kits

Imagine if everyone was able to access genetic engineering
tools to create and develop new forms of life. Imagine being
able to create new plants for your garden, and pets that you
can currently only dream about. Will designing genomes
become a personal thing — a type of art form or expression
of creativity?

FIGURE 1.122 Should you be able to
use do-it-yourself creation kits?

What sorts of biotechnology games will be designed and
produced? What sorts of lessons and learning may young
children get from creating their own organisms to watch
grow and interact with? Should rules and regulations be
put in place for this new biotechnology? What sort of rules
and regulations? Who should make them? How can they
be enforced?
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Resources

eWorkbook Manipulating DNA (ewbk-5331)

Weblinks How CRISPR lets us edit DNA — Jennifer Doudna
What is CRISPR?
CRISPR in Australia
What you need to know about CRISPR — Ellen Jorgensen
Biotechnology timeline
assessm Additional automatically marked question sets

2.12 Exercise learn

To answer questions online and to receive immediate feedback and sample responses for every question, go to
your learnON title at www.jacplus.com.au.

Select your pathway

LEVEL 1 LEVEL 2 LEVEL 3
Questions Questions Questions
1,2,4 3,6,8,9 5,7,10, 11

Remember and understand

1. State whether the following statements are true or false. Rewrite any false statements to make them true.
a. Genetic engineering is a type of biotechnology that involves working with DNA, the genetic material located
in cells.
. The human gene for insulin can be inserted into bacteria so that they make human insulin.
. Restriction enzymes are used to paste DNA fragments together.
. Vectors can be used to transport DNA into cells.
. All transgenic organisms are genetically modified.
All genetically modified organisms are transgenic.
. The goal of gene therapy is to use genes to treat or prevent disease.
. Gene therapy is currently being used as an effective and safe treatment for genetic diseases.
CRISPR technology has been developed for genome editing.
Gene cloning can be used to make multiple copies of genes.
2. Match the tool with its job in the following table.

I

TS0 000

a. DNA ligase A. Separates DNA fragments by their size

b. DNA probes B. Amplifies (makes large quantities) of specific DNA
c. Electrophoresis C. Cut DNA into fragments at precise locations

d. PCR D. Find specific DNA fragments

e. Restriction enzymes E. Join DNA fragments

f. Vectors F. Transport DNA into cells

3. Describe two methods that can be used transfer foreign genes into other organisms.
4. a. What is CRISPR the abbreviation for?

b. Describe the link between bacteria and CRISPR.

c. ldentify the key use of CRISPR technology.
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Apply and analyse

5. Distinguish between the following terms.
a. Genetically modified organism and transgenic organism
b. Gene cloning and gene therapy
c. Nuclear transfer cloning and reproductive cloning
d. Gel electrophoresis and PCR
6. Draw a simple flow diagram to summarise how bacteria are used to produce insulin that people with
diabetes can use.
7. Refer to figure 2.120 showing Dolly’s creation.
Why Dolly was famous?
Describe what had to be done to the unfertilised egg taken from ewe number 2.
Describe how the donor cell DNA (from ewe 1) got inside the empty cell from ewe 2.
State ewe 3’s role.
Explain why Dolly is called a clone.
Identify which ewe was the original Dolly.
Does Dolly have any genetic material from a ram (male sheep)? Explain.

Q@ +020009Q

Evaluate and create

8. [HH Clearly outline an investigation on how CRISPR may be used to edit out a faulty gene. Ensure your
method is clear.
9. Since Dolly, other animals have also been cloned. Find out more about the cloning of at least one other
animal. Report on the following.
a. The reasons for cloning that particular animal
b. How the animal was cloned
c. The advantages and disadvantages associated with the cloning of the animal
10. BRI Mutants or miracles? Scientists have genetically modified cattle so they do not have horns. Use the
internet to find out how this was achieved, and the advantages and disadvantages of using gene technology
for this purpose. Report your findings on this topic, and explain and justify your opinion.
11. [EEl Imagine you are a genetic engineer who is tasked is to design an organism that you think would have a
good chance of surviving on Mars.
a. Find out the environmental conditions on Mars and think about what sort of life form could survive there.
b. Provide detailed plans of the design of your organism.

Fully worked solutions and sample responses are available on your digital formats.

213 Interwoven stories of DNA and the genome

LEARNING INTENTION

At the end of this subtopic you will be able to provide examples of how our understanding of DNA and our
genome have changed over time.

2.13.1 Hologenome theory of evolution

Did you know that your DNA contains a wonderful tapestry of not just your human ancestry but also other
genomes?

Although we may consider ourselves as being ‘purely human’, our definition of ‘human’ may require some
revision. As with other plants and animals, we contain DNA from a variety of sources. The hologenome theory
of evolution emphasises the role that microorganisms have within our evolution.

Microorganisms (microbiota) living within and on their hosts (such as plants or 5V|mbi°t:1° abVeW close

. . ; . . . relationship between two
anlma.ls).can be. desc'rlbed as symbionts. Symblonts are organisms that live in a ' eyl e e
symbiotic relationship — such as when different species live together and function
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in close association with each other.
Collectively, a host and all their
microbiota make up a holobiont.

Some scientists propose this to as be a ¢ Environmental metagenome
unit of selection in evolution. 'S Hologenome 1 . n} -
T S

The combined genomes of the

host and its microbes make up the
hologenome. Genetic variation

within the holobiont may occur

in both the host and the microbial
symbiont genomes; this variation can
be inherited by the offspring. Some
of this variation may occur within
existing microbes; other variation may
be due to microbes newly acquired

st genome

3

from the environment.

Some scientists consider this view as Lamarckian, because the inheritance of

variation via microbes follows Lamarck’s idea that traits acquired within the lifetime

of the parent can be transmitted to the next generation.

FIGURE 2.123 The relationship between the hologenome,
microbiome and host geome

Host and symbiont genes
I' that alone andfor together
affect a holobiont phenotype

Coevolved host and
I',-symhiont genes that affect
a holobiont phenotype

Host genes and symbionts
| fo thatdo ot affect
a holobiont phenotype

Environmental microbes
“:;j? that are not part of
the holobiont

holobiont a host and their
associated microbiota

information of a host and its
microbiota

SCIENCE AS A HUMAN ENDEAVOUR: Climate change and holobionts

Some scientists have suggested that reef corals
and possibly some other multicellular organisms
may alter the microbial communities within their
bodies to cope with environmental stresses

such as those caused by climate change. More
studies on this may provide some strategies we
can use to help reduce the loss of biodiversity in
ecosystems threatened by environmental changes
related to climate change.

Scientists such as Dr Emmanuel Buschiazzo
focus on marine environments and DNA.

Dr Emmanuel Buschiazzo’s research involved
blending genomic approaches and population
genetics to unravel the biology of two Caribbean
coral holobionts, Montastraea faveolata and
Acropora palmata.

FIGURE 2.124 The relationship between various

components in an ecosystem

Resistant
| holobiont?

Algal
symbiont

Surface
microbial
community

Survive

stressors
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FIGURE 2.125 a. Dr Emmanuel Buschiazzo b. Montastraea faveolata coral c. Acropora palmata coral

DISCUSSION

If the human genome has evolved as a holobiontic union of vertebrate and virus, could plagues be considered a
vital evolutionary survival tool for our descendants? What are the implications of this theory in terms of how we
treat diseases and think about viral infections? Do viruses have a place not just in our present, but also in shaping

our future evolution?

2.13.2 Coding and non-coding of nuclear DNA

DNA in your nucleus is
made up of coding and
non-coding sections. It

was long thought that the
non-coding DNA served no
purpose. Because this DNA
contained highly repetitive
sections and did not code
for amino acids, it was
often referred to as ‘junk’
DNA. New technologies
and discoveries, however,
are fast changing our views
about the non-coding DNA.

FIGURE 2.126 Coding and non-coding regions
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Scientists have now discovered that some of these non-coding regions contain genes that regulate many
activities, and without them, protein synthesis using the coding DNA sections would not occur.

SCIENCE AS A HUMAN ENDEAVOUR: Analysing patterns can result in new discoveries

Scientists often analyse patterns. Such analysis can lead to great discoveries and deeper scientific

understanding. For example:

e When Malcolm Simons, a New Zealand-born immunologist, was testing people’s tissue types, he discovered
that the pattern of the ‘junk’ DNA surrounding MHC genes was a very good predictor of tissue type.

e The results of the Human Genome Project led to the discovery that only around 2 per cent of our DNA codes
for proteins. Further research by scientists such as those involved in the ENCODE: Encyclopedia of DNA
Elements project reinforced the idea that what was once considered ‘junk’ DNA is crucial to the way our
genome works. They also proposed that some of this DNA functions as regulatory switches that turn genes

on and off.
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2.13.3 Viruses and jumping genes in our genome

The human immunodeficiency virus (HIV) is an example of a retrovirus. Retroviruses convert their RNA
genome into DNA before implanting it into host chromosomes. If the viral genome is incorporated into the
chromosomes in the host’s sex cells (referred to as germline), it can become a part of the genome of future
generations.

Are you aware that the incorporation of viral DNA has happened repeatedly in our own lineage? This
mechanism helps to explain the varied sources of the DNA in the human genome. It also explains why about
8 per cent of our genome is composed of sequences with a viral origin.

SCIENCE AS A HUMAN ENDEAVOUR: HERVs and health

Human endogenous retroviruses (HERVs) are the most common virus-derived sequences within our genome.
Bioinformatics is being used to research HERVs, HERV variations, molecular mimicry and links to human disease.
Evidence suggests that HERV variations may contribute to disease susceptibility. For example, some patients
with motor neuron disease (MND), multiple sclerosis, and some types of cancer and autoimmune diseases

(such as multiple sclerosis) have exhibited over-expressed HERV-encoded genes. Some other HERV variations,
however, can have beneficial effects. These include protection against infection by some viruses and production
of several essential proteins during reproduction. For example, HERVs are involved in the production of various
viral proteins that are crucial in fetal development (such as synctins) and in dampening the mother’s immune
system, so that it does not attack the developing fetus.

SCIENCE AS A HUMAN ENDEAVOUR: Jumping genes and Barbara McClintock

Barbara McClintock (1902-1992) was a cytogeneticist whose
scientific theories (and possibly her gender) clashed with the scientific
community of her early research years. McClintock investigated how
chromosomes change during reproduction in maize (Zea mays).

Maize proved to be the perfect organism for the study of transposable
elements (TE) or ‘jumping genes’.

FIGURE 2.127 Barbara McClintock

McClintock contributed to our understanding of the mechanism of
crossing over during meiosis and produced the first genetic map

for maize. She also linked regions of the chromosome with physical
traits and demonstrated the roles of telomeres and centromeres.
McClintock also discovered transposition and outlined how it could
be involved in turning the expression of genes on and off.

Changing scientific paradigms can take time

McClintock pioneered the study of cytogenetics in the 1930s. Before
the structure of DNA was even discovered, McClintock was the first
scientist to outline the basic concept of epigenetics, recognising that
genes could be expressed and silenced.

McClintock’s theories were revolutionary because they suggested that an organism’s
genome was not a stationary entity, but something that could be altered and rearranged.
This view was highly criticised by the scientific community at the time. She was
eventually awarded the Nobel Prize in Physiology or Medicine in 1983, when she was
over 80, for research she had done many years before.

transposition the ability of a
gene to change position on the
chromosome

cytogenetics the study of
heredity at a cellular level,
focusing on cellular components

Your jumping genes

Some of the repeating sequences within our non-coding DNA are known as
transposons or ‘jumping genes’. They may have originated from invading viruses. These
sections have the ability to copy themselves independently of the rest of the genome
and then randomly insert themselves in other sections of the genome. Some scientists
have suggested that these transposons have shaped our evolution.
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such as chromosomes
transposons a section of
chromosome that moves
about the chromosome within
a cell through the method of
transposition



FIGURE 2.128 a. DNA sequences known as transposons or ‘jumping genes’ can copy themselves
into other sections of the genome through two different methods. b. An example of an corn in which
transposons have acted

a. Two methods of transposition:
1. Cut-and-paste mechanism

«_Interrupted
DNA sequence
L Wi

2. Copy-and-paste mechanism

ﬁ-\lnterrupted

Target site  § ‘DNA sequence

Australian marsupials and jumping genes

Scientists have argued about how marsupials
such as kangaroos, opossums and Tasmanian
Didelphimorphia devils evolved in South America and Australia.

* .
Monodelphis s DNA sequencing and the fossil record tell two
Didelphis different stories. Do jumping genes hold the

FIGURE 2.129 Jumping genes in marsupials

Metachirus \\ answer to the mystery?

. German evolutionary biologist, Maria Nilsson
Paucituberculata . L . .
Rhyncholestes has been |n\{est|gat|ng this mystery by looking

at strange bits of DNA called retroposons.
Caenolestes Retroposons have the ability to break off
chromosomal DNA and then copy and paste

Microbiotheria themselves elsewhere in the genome. Once
Dromiciops )__E - they copy and paste themselves, their locations
g are stable, making them a reliable marker for
Notoryctemorphia determining evolutionary relationships.
Notoryctes
) u“.._, Nilsson’s retroposon data suggest that the
Dasyuromorphia Australian and South American marsupials

ghascogale could be divided into two distinct groups that
asyurus

Sminthopsis had little contact as they evolved. This supports
Myrmecobius the DNA sequencing data that they share a

. single South American ancestor that travelled
Peramelemorphia

Macrotis [ to Australia before the continents drifted apart,
Perameles /& and that they evolved separately afterwards.
Isodon !

Diprotodontia
Tarsipes
Pseudocheirus
Trichosurus

retroposons segments of DNA
that can break off a chromosome
and paste themselves elsewhere
in the genome

Macropus
Potorous
Vombatus
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2.13.4 Our bacterial origins

Much of what we inherit is thought to in fact have a bacterial origin.

The origin of mitochondria and chloroplasts

As well as the genetic material within your nucleus, genetic material is also found within mitochondria in
your cells. This is called mitochondrial DNA (mtDNA). Interestingly, mtDNA is circular rather than linear and
resembles bacterial DNA rather than eukaryotic DNA, suggested a bacterial origin.

The endosymbiotic theory states that mitochondria (alongside chloroplasts) originated as prokaryotic microbes
that had been ingested by an ancestral eukaryotic cell, and not only survived within it but also developed a
symbiotic relationship with it.

SCIENCE AS A HUMAN ENDEAVOUR: Our protein assassin

Australian and British scientists have identified the process through FIGURE 2.130 Where did perforin,
which our natural killer cells (part of our immune system) puncture
and destroy virus-infected or cancerous cells. A protein called
perforin is responsible for forming a pore in the diseased cell. The
natural killer cells can then inject toxins into the diseased cell to kill
it from within.

our protein assassin, come from?

By using powerful technologies such as the Australian Synchrotron
and cryo-electron microscopy, scientists have determined the
structure of perforin and how it creates pores. This protein
resembles cellular weaponry used by bacteria, and it is possible that
our immune system may have incorporated the genetic information
from bacteria within our evolutionary past.

DISCUSSION

Select one of the following options for discussion with your peers.

a. If it weren’t for viruses, ocean ecosystems would stop.

b. How do you feel about the possibility of having viral DNA in your DNA? Construct a PMI chart for a
discussion on this question with your peers.

c. Do you think that life (as we know it) could have occurred on planets other than Earth? Justify your response
and discuss it with your peers.

d. Do you think that all life on Earth descended from a common origin? Discuss this and justify your opinion.

e. If living things did not share an ancestor that shared ribosomes, ATP and the triplet code, why are these
found universally among all living things? Discuss and justify your reasons

Resources

Weblinks Barbara McClinton Nobel Prize lecture
ENCODE: Encylopedia of DNA Elements

assessm Additional automatically marked question sets

168 Jacaranda Science Quest 10 Victorian Curriculum Second Edition



2.13 Exercise learn

To answer questions online and to receive immediate feedback and sample responses for every question, go to
your learnON title at www.jacplus.com.au.

Select your pathway

LEVEL 1 LEVEL 2 LEVEL 3
Questions Questions Questions
1,2, 4 3,5,7,10 6, 8,9, 11

Remember and understand

1. State whether the following statements are true or false. Rewrite any false statements to make them true.
a. Genetic variation within the holobiont may occur in both the host and the microbial symbiont genomes.
b. The human genome contains viral DNA.
c. Human DNA is made up of coding and non-coding sections.
d. It is possible that our immune system may have incorporated genetic information from bacteria within our
evolutionary past.
. Some of the repeating sequences within our non-coding DNA are known as transposons or ‘jumping genes’
and may have originated from invading viruses.
f. DNA sequences known as transposons have the ability to copy themselves independently of the rest of the
genome and then randomly insert themselves in other sections of the genome.
g. If a viral genome is incorporated into the chromosomes in the host’s germline, it does not become a part of
the genome of future generations.
h. Once retroposons copy and paste themselves into the genome, their locations are stable, making them a
reliable marker for determining evolutionary relationships.
2. State another name for ‘jumping genes’.
3. Provide an example of a retrovirus.
4. Match the term to its description in the following table.

o

a. Holobiont A. Organism that lives in a symbiotic relationship

b. Hologenome B. Close association between two or more organisms of different species, which
may benefit one or both members

c. Retroposon C. DNA sequences that can copy themselves into other sections of the genome

d. Symbiont D. Piece of DNA that can break off chromosomal DNA and then copy and paste
itself elsewhere in the genome

e. Symbiosis E. The combined genomes of the host and the microbes within it

f. Transposon F. The host organism and all its symbiont microbiota

Apply and analyse

5. BH a. State three contributions that Barbara McClintock (1902-1999) made to our scientific understanding.
b. Describe why McClintock’s theories were initially highly criticised by the scientific community and then later
considered revolutionary.
. State what the hologenome theory of evolution emphasises.
. Outline why we no longer call regions in our DNA that do not code for proteins ‘junk’ DNA.
. Suggest how we know that germline endogenisation has occurred within our human lineage.
. Explain how research on retroposons has contributed to our knowledge about the evolution of Australian
marsupials.
7. If viruses kill about 20 per cent of all living material in the oceans every day, releasing their contents for other
organisms to grow, does that mean that they drive ocean ecosystems? Explain.

Q0 T o
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8. The genetic code consists of 64 possible triplet DNA combinations that code for one or more of the
20 different natural amino acids; all species on Earth use the same code. Suggest why this might be
used as evidence of only one genesis on Earth.

Evaluate and create

9. Given that chance plays a large part in the evolution of life, it is unlikely that life from a very separate origin
would have the same biochemistry. Discuss this statement. Do you agree with it? Justify your response.

10. Research one of the following scientific claims and then construct an evidence-based argument that either
negates or supports the claim.

e What was once referred to as ‘junk’ DNA has played a key role in making us human, because it distinguishes
primates from other mammals.

e  What was once referred to as ‘junk’ DNA in humans is due to the invasion of a million copies of jumping
genes.

e If viruses had not invaded the genomes of our ancestors, mammals as we know them today would not have
evolved.

11. [BEN Carl Woese relied on RNA sequences rather than structural features to determine evolutionary relation-
ships among prokaryotes. He discovered that prokaryotes were actually composed of two very different
groups: bacteria (cyanobacteria and heterotrophic bacteria) and archaea (halophiles and thermophiles).

Due to research by Carl Woese in the 1970s, many scientists now accept that prokaryotes can be divided
into two distinct groups and that those in the archaea group are older than bacteria. These ancient
ancestors of life on our planet were riddled with viruses. Does that mean that life on Earth originated from
viruses? Discuss your thoughts on this theory and find out what evidence allowed for this to be supported.

Eu/ra,}
Chromists O,é
Plants Alveolates

Animals Rhodophytes

(\a
e

Fungi

Flagellates
Cyanobacteria $

Heterotrophic

bacteria Basal protists

Fully worked solutions and sample responses are available on your digital formats.
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214 Thinking tools — Priority grids
2.14.1 Tell me
What is a priority grid?

Priority grids compare two aspects of an idea using two vertical axis. They allow you to discover the best
option to follow and why, in turn helping you make decisions and see how views and judgements compare
with others.

You can create a priority grid in a few different ways, with some examples shown in figures 2.131 and 2.132.

Priority grids allow you to determine how important different choices are in terms of their impact and the
effort required when undertaking them, allowing you to easily see tasks that are quick wins, rewarding yet
time-consuming, or thankless (tasks that take time with little impact).

FIGURE 2.131 Two examples of different ways priority grids may be constructed

a. b.
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1
Bad result Effort

Why use a priority grid?

Priority grids compare different choices to aspects of the idea, allowing for pros and cons to be easily
compared and prioritised. Other comparative types of grids or analyses, such as a SWOT analysis, consider
a variety of positive and negative aspects, with a focus on opportunity and threats. This can be useful when
examining a specific focus, whereas a priority grid provides a quick insight into different points of focus.

Y

2.14.2 Show me

In order to create a priority grid, you should complete the following.
1. Draw two continuums that cross through each other at right angles (you may wish to split the two lines
into equal parts to help guide you).
2. Put a label such as ‘Difficult’ on the left end of the horizontal scale and one such as ‘Easy’ on the right
end (as shown in figure 2.131a). You might also use a term such as ‘Effort’ to show this as a continuum
(as shown in figure 2.131b).
3. Put a label such as ‘High reward’ on the top of the vertical scale and one such as ‘Low reward’ at the
bottom of the vertical scale. You might also use a term such as ‘Impact’ to show this as a continuum.
4. Write a list of choices, activities or tasks appropriate to the topic you are examining.
Assess each choice using the two lines, and mark the location where you think it fits, ensuring you label this.
6. Discuss your choices with others and share your ideas, values and judgements, enabling you to make your
final priority grid.

I
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Figure 2.132 shows an example of using different types of priority grids when determining who to test for
genetic diseases (the letters A to D represent the same variable in each grid).

FIGURE 2.132 Using priority grids when determining who to test for genetic diseases

High impact A A. Testing at risk individuals where
treatment can occur with early intervention

oC oA oC B. Testing at risk individuals where early
T °©A intervention will not affect the course of a
e 1 - 5 genetic disease
el ﬁ g C. Testing every individual for diseases
S —t — g E which can be treated with early intervention
o a oC D. Testing every individual for all diseases,
E D T °B © °D where early intervention will not affect the
1 course of a genetic disease

2.14.3 Let me do it

2.14 ACTIVITIES

1. In your team, brainstorm statements or choices related to the genetic testing of embryos. Select five of these
statements and position them on a priority grid with the following labels.
Horizontal
Left side: Difficult decision
Right side: Easy decision
Vertical
Top: Good result
Bottom: Bad result

2. a. ldentify issues related to gene therapy.

b. Identify different possible uses of gene therapy.
c. Construct a priority grid to map out different potential uses of gene therapy.

3. Advances in technology may enable us to achieve wonders that were once only accessible in science fiction
stories. What do you know about these advances? What benefits and issues can you identify? What is your
opinion? Explore these questions by answering the following.

a. ldentify reasons people would want to clone humans.
b. Research media stories that raise issues related to cloning, particularly of humans. Summarise these issues
and identify some implications.

. ldentify reasons people would want to edit their DNA.

. Research scientific technologies that may enable the editing of the human genome (for example, CRISPR).

. Outline your opinions on the editing of the human genome using a priority chart.

Share and discuss your opinion with others.

S0 Q0

Fully worked solutions and sample responses are available on your digital formats.
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215 Project — The gene lab
2.15.1 Scenario

Think of how different dog breeds such as chihuahuas, great danes, dachshunds, blue cattle dogs and
dobermans are from each other. Yet all of our pet dog breeds — regardless of size, colour, coat and
intelligence — are still members of the same species. All dogs are descended from a long-gone species of
wolf. Over the thousands of years that they have been humankind’s companions, we have selectively bred
dogs together so that particular characteristics became more pronounced while others faded out. For example,
greyhounds with their long graceful legs were bred for speed while bull-mastiffs were bred for their size and
strength. Over time, these characteristics became fixed in that breed. The breeding process is continuous, with
new breeds being registered with the International Federation of Dog Breeders every few years.

Dog breeders try to produce dogs
that are the ideal examples of

their breed, and do so by carefully
selecting which dogs to mate.
Unfortunately, in their quest to
establish these perfect examples, the
dogs produced may inherit genetic
disorders as a result of unfortunate
genetic combinations or inbreeding.
Purebred labradors, for example, may
develop hip dysplasia, knee problems
and eye problems such as progressive
retinal atrophy which — as well as
preventing the dog from being shown &
in competitions — have serious

effects on the dog’s quality and

length of life.

FIGURE 2.133 Understanding genetics is important in dog breeding

Now that genetics and DNA are more fully understood, it is not uncommon for dog breeders to consult with
genetic scientists to ensure that the puppies they breed have no disorders.

2.15.2 Your task

You are part of a team of vets that works for the Dog Breeders Association of Australia as genetic counsellors.
Your client has a labrador bitch that has a family history of progressive retinal atrophy — a condition that
causes gradual blindness. The client would like to breed her to produce for show as many puppies as possible
that do not carry the gene for the disorder. The bitch can be mated with three available stud dogs. Given the
pedigree of each of these dogs, you must determine which of them should be selected to sire the litter. You will
give your recommendations to the client in the form of a genetic report explaining your decision — including
family trees, phenotype and genotype identification, and final breeding recommendations.

Resources

ProjectsPLUS The gene lab (pro-0111)
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216 Review

Access your topic review eWorkbooks

Topic review Level 1 Topic review Level 2 Topic review Level 3
ewbk-5333 ewbk-5335 ewbk-5337

Resources

2.16.1 Summary

Chromosomes, genes and DNA, and the history of DNA

DNA (deoxyribonucleic acid) is a nucleic acid made up of nucleotides.

Each nucleotide is made up of three parts: sugar (deoxyribose in DNA, ribose in RNA), phosphate and a
nitrogenous base (adenine, guanine, cytosine, thymine or uracil).

DNA has the shape of a double helix made up of two anti-parallel strands of nucleotides, with the outside
part of the ‘ladder’ made up of a sugar—phosphate frame (alternating sugar and phosphate).

Genes are specific segments of DNA that contain the codes for the production of specific proteins that can
result in the expression of particular traits.

Genes are organised into larger structures called chromosomes, which are located within the nucleus of
eukaryotic cells.

The location of a gene on a specific chromosome is called its locus, whereas genes that are located on the
same chromosome are said to be linked.

Chromosomes can be divided into two main types: autosomes and sex chromosomes (the X and Y
chromosomes).

Unlocking the DNA code

Proteins are made up of amino acids. The instructions for making proteins are coded for in the sequence
of nitrogenous bases in DNA.

RNA is another type of nucleic acid made up of nucleotides. RNA differs from DNA in that it is single
stranded, contains ribose instead of deoxyribose, and contains uracil instead of thymine. Messenger RNA
(mRNA) and transfer RNA (tRNA) are two types of RNA.

Three nucleotides in DNA that code for a particular amino acid, or a start or stop instruction, are called a
triplet, in mRNA a codon, and in tRNA an anti-codon.

Transcription is the process of making a complementary mRNA copy of the DNA message to make a
protein. mRINA passes through the pores of the nuclear membrane into the cytoplasm to take its genetic
copy of the protein instruction message to ribosomes.

Translation is the process of reading the mRNA message and making the protein it codes for.

tRNA transfers the appropriate amino acid to its matching code on the mRNA, and then these amino acids
are joined together by peptide bonds to make a protein.

Changing the code through mutations

DNA replication is the process by which DNA makes identical copies of itself.

Although the process of DNA replication includes checkpoints, sometimes mistakes get through, which
can result in a mutation — a change in the DNA.

In an induced mutation, the cause can be identified; in a spontaneous mutation, it cannot. A factor that
triggers mutations in cells is called a mutagen or mutagenic agent.

Point mutations may be due to the substitution of a nucleotide with a different nucleotide, or the addition
or deletion of a nucleotide.

Exploring patterns in the genome and genetic sequences

174

The development of automated DNA sequencers has reduced the cost and time required to sequence DNA.
Gene sequencing identifies the order of nucleotides along a gene.
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e A genome is the complete complement of genetic material in a cell or organism. The study of genomes is
called genomics. The genome size is often described in terms of the total number of base pairs (or bp).

e The key findings from the Human Genome Project (HGP) were that the human genome has a size of
around three billion base pairs (or 3000 Mb) and contains around 20000 to 25000 genes, and that all
humans share about 99.9 per cent of their DNA.

e Genome maps describe the order of genes and the spacing between them on each chromosome.

Dividing to multiple through cell division

e All cells come from pre-existing cells.

e Mitosis and meiosis are two types of cell division involved in cell production.

e Mitosis is the type of cell division involved in growth, development and repair of tissues. It results in cells
that are clones because they are genetically identical to each other and to the original cell.

e Meiosis results in sex cells (or gametes) that contain half the number of chromosomes (haploid). The
process of meiosis is a key source of variation due to independent assortment and crossing over of
chromosomes.

Passing on genes to the next generation

e The passing on of characteristics from one generation to the next is called inheritance and the study of
inheritance is called genetics.

o These alternative forms or expressions of a gene are called alleles.

e The combination of the alleles that you have for a particular gene is called your genotype.

e Your characteristics or features are examples of your phenotype. This is usually determined by both
environment and genotype.

e If the allele for a dominant trait is present, it will be expressed. An allele for a dominant trait is denoted
with a capital letter.

o The recessive trait is hidden in the presence of the dominant trait and can be expressed only if the allele
for the dominant trait is not present. An allele for a recessive trait is denoted with a lower case letter.

¢ Individuals may be heterozygous and have different alleles at a gene (for example, Bb) or homozygous,
and have the same alleles (BB or bb).

e The term carrier is also used to describe someone who is heterozygous for a particular trait.

Using Punnett squares and pedigrees

e A Punnett square is a diagram that is used to predict the outcome of a genetic cross for each offspring.

e A diagram that shows a family’s relationships and how characteristics are passed on from one generation
to the next is a pedigree chart.

e Pedigree charts can be used to observe the mode of inheritance, including autosomal dominant, autosomal
recessive, X-linked dominant and X-linked recessive.

Genetic testing

e Genetic tests can be used to help identify specific genetic variations within your DNA that may relate to
your genetic family relationships or to your health.

e As well as being used to determine gender, genetic tests can be used for the diagnosis, prediction or
predisposition to particular genetic diseases or other inherited traits.

Genetic engineering and biotechnology

e Genetic engineering is a type of biotechnology that involves working with DNA, the genetic material
located in cells.

¢ Genetically modified organisms have had their genetic information altered in some way. Transgenic
organisms contain a genetic material (such as a gene) from a different species.

e DNA fingerprinting and DNA profiling use variations in the patterns of base sequences in DNA between
individuals to identify them.

e CRISPR technology has been developed for genome editing.
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2.16.2 Key terms

alleles alternate forms of a gene for a particular characteristic

amino acid an organic compound that forms the building blocks of proteins

amniocentesis a type of prenatal screening in which a sample is collected from the amniotic fluid around a fetus

asexual reproduction reproduction that does not involve fusion of sex cells (gametes)

autosomes non-sex chromosomes

bioinformatics the science of analysing biological data through computers, particularly around genomics and molecular genetics
carrier an individual heterozygous for a characteristic who does not display the recessive trait

cell the smallest unit of life and the building blocks of living things

centromere a section of a chromosome that links sister chromatids

Chargaff’s rule a rule that states the pairing of adenine with thymine and cytosine with guanine

chorionic villus sampling (CVS) a type of prenatal screening in which tissue from the chorion is tested during pregnancy
chromatid one identical half of a replicated chromosome

chromosomes tiny thread-like structures inside the nucleus of a cell that contain the DNA that carries genetic information
clones genetically identical copies

codon sequence of three bases in mRNA that codes for a particular amino acid

complementary base pairs in DNA, specific base pairs will form between the nitrogenous bases adenine (A) and thymine (T)
and between the bases cytosine (C) and guanine (G)

complete dominance a type of inheritance where traits are either dominant or recessive

cytogenetics the study of heredity at a cellular level, focusing on cellular components such as chromosomes
deoxyribonucleic acid (DNA) a substance found in all living things that contains its genetic information
deoxyribose the sugar in the nucleotides that make up DNA

diploid the possession of two copies of each chromosome in a cell

DNA ligase an enzyme that joins DNA fragments together

DNA replication process that results in DNA making a precise copy of itself

dominant a trait (phenotype) that requires only one allele to be present for its expression in a heterozygote
epigenetics the study of the effect of the environment on the expression of genes

fertilisation penetration of the ovum by a sperm

gametes reproductive or sex cells such as sperm or ova

gel electrophoresis a technique used to separate molecules based on their size through an agarose gel

gene segment of a DNA molecule with a coded set of instructions in its base sequence for a specific protein product; when
expressed, may determine the characteristics of an organism

gene therapy altering genes with the intention to treat or prevent disease

genetically modified organism a organism where the genome has been altered

genetic engineering one type of biotechnology that involves working with DNA

genetic engineers scientists who use special tools to cut, join, copy and separate DNA

genetic genealogy the use of DNA along with other genealogical tests to infer relatedness between individuals
genetics study of inheritance

genome the complete set of genes present in a cell or organism

genome maps maps that describe the order and spacing of genes on each chromosome
genomics the study of genomes

genotype genetic instructions (contained in DNA) inherited from parents at a particular gene locus
haploid the possession of one copy of each chromosome in a cell

heterozygous a genotype in which the two alleles are different

holobiont a host and their associated microbiota

hologenome the sum of genetic information of a host and its microbiota

homologous chromosomes with matching centromeres, gene locations, sizes and banding patterns
homozygous a genotype in which the two alleles are identical

homozygous dominant a genotype where both alleles for the dominant trait are present
homozygous recessive a genotype where both alleles for the recessive trait are present

induced mutation a mutation of DNA in which the cause can be identified

inheritance genetic transmission of characteristics from parents to offspring

karyotype an image that orders chromosomes based on their size

kinetochore a region on a chromosome associated with cell division
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linkage analysis use of markers to scan the genome and map genes on chromosomes

locus position occupied by a gene on a chromosome

maternal chromosomes chromosomes from the ovum

meiosis cell division process that results in new cells with half the number of chromosomes of the original cell

messenger RNA (mRNA) single-stranded RNA transcribed from a DNA template that then carries the genetic to a ribosome to
be translated into a protein

mitosis cell division process that results in new genetically identical cells with the same number of chromosomes as the original cell
molecular genetics study of genetics at a molecular level

monohybrid ratio the 3:1 ratio of a particular characteristic for offspring produced by heterozygous parents, controlled by
autosomal complete dominant inheritance

monomers molecules that are the building blocks of larger molecules known as polymers

monosomy a condition where there is only one copy of a particular chromosome instead of two

mutagen agent or factor that can induce or increase the rate of mutations

mutations changes to DNA sequence, at the gene or chromosomal level

nitrogenous base a component of nucleotides that may be one of adenine, thymine, guanine, cytosine or uracil
nucleic acids molecules composed of building blocks called nucleotides, which are linked together in a chain

nucleotides compounds (DNA building blocks) containing a sugar part (deoxyribose or ribose), a phosphate part and a
nitrogen-containing base that varies

nucleus roundish structure inside a cell that contains DNA and acts as the control centre for the cell

ova female reproductive cells or eggs

paternal chromosomes chromosomes carried in the sperm

pedigree chart diagram showing the family tree and a particular inherited characteristic for family members
phenotype characteristics or traits expressed by an organism

point mutation a mutation at one particular point in the DNA sequence, such as a substitution or single base deletion or insertion
polymerase chain reaction (PCR) a process which amplifies small amounts of DNA

polymers molecules made of repeating subunits of monomers joined together in long chains

prenatal screening testing a fetus during pregnancy to detect any abnormalities

proteins molecules, such as enzymes, haemoglobin and antibodies made up of amino acids

Punnett square a diagram used to predict the outcome of a genetic cross

recessive a trait (phenotype) that will only be expressed in the absence of the allele for the dominant trait
recombinant DNA a molecule of DNA that contains fragments from more than one source

recombinant DNA technology technology that can form DNA that does not exist naturally, by combining DNA sequences that
would not normally occur together

restriction enzymes enzymes that cut DNA at specific base sequences (recognition sites)

restriction fragment length polymorphisms (RFLPs) variations in the lengths of DNA fragments in individuals with different
alleles of a gene

retroposons segments of DNA that can break off a chromosome and paste themselves elsewhere in the genome
ribonucleic acid (RNA) a type of nucleic acid that contains ribose sugar

ribose the sugar found in nucleotides of RNA

ribosomal RNA (rRNA) a special type of RNA that forms the structure of ribosomes

ribosome organelle found in the cells of all organisms in which translation occurs

sex chromosomes chromosomes that determine the sex of an organism

sex-linked inheritance an inherited trait coded for by genes located on sex chromosomes

sexual reproduction reproduction that involves the joining together of male and female gametes

single nucleotide polymorphisms (SNPs) genetic differences between individuals that can result from single base changes in
their DNA sequences

sister chromatids identical chromatids on a replicated chromosome

somatic cells cells of the body that are not sex cells

sperm male reproductive cell

spontaneous mutation a mutation of DNA that cannot be explained or identified

symbiotic a very close relationship between two organisms of different species

telomerase an enzyme involved in maintaining and repairing a telomere

telomere a cap of DNA on the tip of a chromosome that enables DNA to be replicated safely without losing valuable
information

transcription the process by which the genetic message in DNA is copied into a mRNA molecule
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transfer RNA (tRNA) molecules located in the cytosol that transport specific amino acids to complementary mRNA codons in
the ribosome

transgenic organism an organism with genetic information from another species in its genome

translation the process in which amino acids are joined in a ribosome to form a protein

transposition the ability of a gene to change position on the chromosome

transposons a section of chromosome that moves about the chromosome within a cell through the method of transposition
triplet a sequence of three nucleotides in DNA that can code for an amino acid

trisomy a condition where there are three copies of a particular chromosome instead of two

variation differences between cells or organisms

zygote a cell formed by the fusion of male and female reproductive cells

Resources
Digital document Key terms glossary (doc-35028)
eWorkbooks Study checklist (ewbk-5339)

Literacy builder (ewbk-5340)
Crossword (ewbk-5342)
Word search (ewbk-5344)

Practical investigation eLogbook  Topic 2 Practical investigation eLogbook (elog-0689)

2.16 Exercise learn

To answer questions online and to receive immediate feedback and sample responses for every question, go to
your learnON title at www.jacplus.com.au.

Select your pathway

LEVEL 1 LEVEL 2 LEVEL 3
Questions Questions Questions
2,3,7,10, 14 1,4,5,8,12, 15 6,9, 11, 13, 16, 17

Remember and understand

1. Identify the whether the following statements are true or false. Rewrite any false statements to make them true.
a. All nucleotides that make up DNA contain the same type of nitrogenous base.

. According to Chargraff’s base-pairing rule, adenine binds to cytosine and guanine binds to thymine.

. The process of making a complementary mRNA copy of the DNA message is called translation.

. Meiosis prevents doubling of the chromosomes at fertilisation because it produces cells with half the

chromosome number of the original cell.

The recessive trait can only be expressed if the allele for the dominant trait is not present.

Alleles on chromosomes inherited from each of your parents contribute to your genotype.

. Mutations in both germline and somatic cells are passed on to the next generation.

. Errors or changes in DNA, genes or chromosomes are called mutations.

Pedigree charts can be used to observe patterns and to predict the inheritance of traits within families.

CRISPR technology has been developed for genome editing.

. Gel electrophoresis can be used to separate DNA fragments.

Some of the repeating sequences within our non-coding DNA may have originated from invading viruses.

0T
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2. Arrange the sentence fragments provided to complete the sentence that has been started for you.

A living organism

is made up of
cells
DNA

which contain in the nucleus o
3. Copy and complete the following figures using the terms provided.

Homozygous dominant
Cytosine

Sugar

Nitrogenous base
Adenine

Phosphate
Heterozygous

Thymine

Homozygous recessive
Guanine

Nitrogenous
base

i

4. Distinguish between the following.
a. Mitosis and meiosis

c. Autosomes and sex chromosomes

which are made up of
chromosomes

which contain

genes

Nucleotide

Genotype

i1 1

b. Fertilisation and meiosis

5. Match the term with its description in the following table.

d. Dominant and recessive

Term ‘ Description

a. Diploid A. A type of cell division important for growth, repair, and replacement
b. Fertilisation B. The fusion of gametes

c. Gamete C. The number of chromosomes in human gametes

d. Haploid D. The number of chromosomes in normal human somatic cells

e. Meiosis E. A type of cell division to produce gametes

f. Mitosis F. Also known as a sex cell

g. Allele G. Alternative form of a gene

h. Gene H. Characteristics or features determined by genotype and influenced by environment
i. Genetics I. Combination of alleles for a particular trait

j. Genotype J. Segment of DNA that codes for the production of a particular protein
k. Inheritance K. The branch of science that involves the study of inheritance

I. Phenotype L. The passing on of characteristics from one generation to the next
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6. Observe the following figure and use your understanding from this topic to answer the questions.

_—

Nucleotides Complementary
Nucleotide join to pairing of

form chain nucleotide bases

of two chains to
form a DNA double
helix (DNA molecule)

Polymer

a. State the name given to a monomer (i) of nucleic acids.
b. If a mistake were made during DNA replication that resulted in thymine being replaced by cytosine in the DNA
strand (ji), describe the effect this would have on the structure and function of the double-stranded DNA (jii).
c. State the name of the term used to describe changes in DNA (or chromosomes).
d. Outline two factors that can contribute to causing changes in DNA.
e. Provide an example of a genetic disease that results from a change in the DNA or chromosome.
7. Observe the following figure and use your understanding from this topic to answer the questions.

DNA structure

Nucleotide
base pairs:

m Guanine

a. ldentify labels for Ato F.
b. Describe the relationship between nucleotides, DNA, genes and chromosomes.

Apply and analyse

8. Mitosis and meiosis are both processes involved in the production of new cells.
a. Outline two differences between these processes.
b. If an organism has 50 chromosomes, how many chromosomes would you expect in the following.
i. A cell produced through mitosis
ii. A cell produced through meiosis
c. In which of these does crossing-over occur? What occurs during this process?
d. Summarise the stages of mitosis.
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9. Use the mutation mind map provided and your own knowledge from this topic to answer the following
questions.

a.

Define the following terms.

i. Mutation

b.

State the name of the following.

i. A physical mutagenic agent
ii. A chemical mutagenic agent
ili. Genetic disorder characterised by a change in the number of autosomes
iv. Genetic disorder characterised by a change in the number of sex chromosomes
v. Genetic disorder in which a base substitution mutation has occurred

. Distinguish between the following.

ii. Mutagenic agent

i. Induced mutations and spontaneous mutations
ii. Physical and chemical mutagenic agents
iii. Base insertion, base substitution and base deletion mutations

i. A frameshift mutation
ii. The type of base mutation(s) that can cause it
ili. The effect that it may have
e. Suggest two more pieces of information that could be incorporated into the mind map on mutation.

Frameshift
mutation

. Describe what is meant by the following.

Base substitution Deletion |
one nucleotideis  _
replaced by another ~ Chromosome ©9- Translocation |
in DNA structure
Inversion |
e s €.g. Gen_e = Chromosome Jezlgle =] Duplication |
can one or more point mutations in P
result| nucleotides are added mutations
in into the DNA strand Kinds of Au.tosomes
. : Trisomy 21
Base deletion Mutations | Chromosome e.g| | (Down Syndrome)
one or more 2 Chan_ge in the gepetlc number Monosomy 21
nucleotides are removed material/ Change in the
from the DNA strand DNA base sequence Sex chromosomes
causative Klinefelter’s Syndrome
identified agent not identified (XXY)
Turner’s Syndrome
Induced Spontaneous (X0)
mutation mutation Trisomy X Syndrome
caus?d by (XXX)
Mutagenic agent/ Mutagen
e.g.
[ |
Physical Chemical
UV radiation Nitrous acid
Nuclear radiation Mustard gas
X-rays Formaldenhyde

10. Examine the pedigree chart provided. Let the dark hair allele be
represented by B and the red hair allele by b.

a.

individuals with red hair.

b.
c.

would have red hair?

Redraw the pedigree using pedigree symbols and shade all

Write the genotypes for the individuals B, G, H and K.

Write the phenotypes for the individuals D and F.

. If individuals G and H had another child, what is the chance that it

. If individuals F and | had a child, do you think it might be possible for

it to have red hair? Explain your reasoning.

Parents

F

A
Children
(F4 generation)

Grandchildren
(F, generation)
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11. Use the pedigree chart provided, showing inheritance of cystic Cystic fibrosis pedigree

fibrosis, to determine the following. .__O
a. Which type of inheritance is responsible for cystic fibrosis? Justify

your response. 1 2
b. Is individual 1I-3 a male or a female? Justify your response.
c. If N =normal and n = cystic fibrosis allele, state the genotype and

phenotype with respect to cystic fibrosis for the following. I O— O
i. Individual I-1 1 2 3 4
ii. Individual I-2
iii. Individual II-4
iv. Individual I11-3 6% ;?')
12. Assume that coat colour in mice is inherited by autosomal i O
inheritance and that black coat (B) is dominant to white coat (b). 1 2 3 4 5

Use a Punnett square to predict the phenotypes of the offspring of a
cross between the following.

a. A homozygous black mouse with a heterozygous black mouse

b. A homozygous white mouse with a heterozygous black mouse

c. Two heterozygous black mice

d. A homozygous black mouse with a homozygous white mouse

13. The pedigree chart provided shows the inheritance Huntington’s disease pedigree
pattern of Huntington’s disease within a family.
Huntington’s disease is an autosomal dominant trait. .__O
Individuals with Huntington’s disease are shaded in the 1 2

o

provided pedigree chart.
a. State how many generations are shown.
b. How many females are in the pedigree? " ‘ _O
c. How many males are in the second generation? ” > 3 4 z
d. Identify three individuals who have Huntington’s
disease.
. If H represents the allele for Huntington’s disease, state ; 8&
the genotypes of the following. i
1 2

i. Individuals I-1 and I-2 3 4
ii. Individuals II-2 and 1I-4

f. ldentify the chance that the next child of the following couples will have Huntington’s disease. (Use a
Punnett square to help you.)
i. Individuals 1l-4 and II-5
ii. Individuals II-1 and II-2

g. How would the pattern in the pedigree be different for an autosomal recessive trait?

14. Summarise each of the different types of genetic testing and provide a clear example of each.

Evaluate and create

15. Construct Venn diagrams and add shading to pedigrees like those shown in the following figures to illustrate

the similarities and differences between each of the types of inheritance.

6868 686m 6868 6858

Autosomal Autosomal X-linked X-linked
recessive dominant recessive dominant
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16.

17.

a. [l Use the following diagram to decide which of the statements is correct.

A. Pig A and pig B are genetically identical.

B. Pig D and pig C are genetically identical.

C. Pig A and pig C are genetically identical.

D. None of the pigs are genetically identical because the environment affects their genotype.

@ J ¢
i ° ¢ Skin cells P
" g b e taken from Skin cell is
L T s adult r placed next to
b T nucleus-free
i ,ﬁ A w0 egg and electric
i b - pulse causes
_ 3 L skin cell to fuse
Adult being cloned - with egg.
: ‘
e 5
T
~
- Nucleus
is removed
L
Unfertilised
egg removed
from adult
female
Adult female e %
. Cell division

.".
T
g ity

Early-stage embryo
is implanted in
surrogate mother

Cloned animal

b. Outline ethical implications of this process. Evaluate these implications and state your opinion about the use
of this gene technology.
Use the provided figures showing the relationship between DNA and chromosomes and your own knowledge
from this topic to answer the questions.
a. State the number of the following.
i. DNA strands in the double helix
ii. Molecule(s) of DNA in each chromosome
b. Suggest a reason DNA is wound around histone proteins.
c. Outline the relationship between the following.
i. DNA, histone proteins and chromosomes
ii. DNA, genes and chromosomes
d. Suggest why the artist used two different colours to represent the chromosomes in figure 2.
e. Are chromosomes always visible in the nucleus? Explain.
. Suggest two improvements for each figure. >

=h
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Figure 1 T4

structure of DNA

T Atthe simplest level, chromatin
is a double-standaed helical

AT A0 ’ : 1
i AV ,':?1 : il

Ny : .
SN

DNA is complexed with histones

-[ to form nucleosomes.

(6)-
7 ...that forms loops averaging
300 nm in length.

300 nm

The 300-nm fibers are
compressed and folded to
produce a 250-nm-wide fiber.

Figure 2

700 nm Chromosome

Each DNA
molecule
combines with
protein to form
a chromosome.

wali )

*i“i':‘ff TiTnsta.

B

DNA double helix 2"

)
'4

l

3%
Each nucleosome consists of
eight histone proteins around
which the DNA wraps 1.65 times.

Nucleosome core of

}

eight histone molecules .
9 T A chromatosome consists
of a nucleosome plus the

H1 histone
d H1 histone

11 nm ! = Chromatosome

i 5 \

i 7 The nucleosomes

. fold up to produce
a 30-nm fiber...

30 nm

. 8.." Al

\ 1400

"1 Tight coilling of the 250-nm nm
fiber produces the chromatid

of a chromosome.
Chromosomes
in cell nucleus Each
chromosome

contains one
DNA molecule.

Fully worked solutions and sample responses are available in your digital formats.

Resources

eWorkbook Reflection (ewbk-3038)

teach

Test maker

Create customised assessments from our extensive range of questions, including teacher-quarantined questions.
Access the assignments section in learnON to begin creating and assigning assessments to students.
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RESOURCE SUMMARY Resources

Below is a full list of rich resources available online for this topic. These resources are designed to bring ideas to life,
to promote deep and lasting learning and to support the different learning needs of each individual.

2.1 Overview Video eLessons

eWorkbooks

® Topic 2 eWorkbook (ewbk-5322)

e Starter activity (ewbk-5324)

e Student learning matrix (ewbk-5326)

Video eLesson
® Epigenetics — switching genes on and off (eles-4210)

Practical investigation eLogbook

® Topic 2 Practical investigation eLogbook (elog-0689)

® |nvestigation 2.1: Do you fit into your genes or do they fit
into you? (elog-0691)

2.2 Chromosomes, genes and DNA

eWorkbooks
® Genes and chromosomes (ewbk-5348)
® |abelling a chromosome (ewbk-5346)

Interactivities
e Cell structures (int-5870)
® Labelling a chromosome (int-8123)

Practical investigation eLogbook
® |nvestigation 2.2: Extracting DNA (elog-0693)

Weblink
e Karyotype

2.3 Discovering the structure of DNA

eWorkbook
® DNA (ewbk-5352)
e Labelling DNA (ewbk-5350)

Video eLessons

® Rosalind Franklin and Watson and Crick (eles-1782)

® Montage of images of the life and work of Francis Crick
and James Watson (eles-4213)

® DNA structure (eles-4166)

Interactivities
e Complementary DNA (int-0133)
® Labelling DNA (int-8124)

Practical investigation eLogbook
® |nvestigation 2.3: Constructing a model of DNA
(elog-0695)

Weblink
® The history of DNA timeline

2.4 Unlocking the DNA code

eWorkbooks

® Protein synthesis (ewbk-5356)

® Labelling the components of protein synthesis
(ewbk-5354)

® Transcription (eles-4167)
® Translation (eles-4168)
® Protein synthesis (eles-4295)

Interactivities

® Transcription (int-8125)

® Translation (int-8126)

® Labelling the components of protein synthesis (int-8127)

2.5 Changing the code through mutations

eWorkbook
e Mutations (ewbk-5358)

Video eLessons

® Polydactyl cat (eles-2698)

® DNA and Hiroshima (eles-1781)
® Types of mutation (eles-4214)

Weblink
® Scientists warn against vitamins

2.6 Exploring patterns in the genome and
genetic sequences

Weblinks

® Epigenetic transformation — you are what your
grandparents ate

® The Human Genome Project

2.7 Dividing to multiply through cell
division

eWorkbooks

® Mitosis (ewbk-5362)
Labelling the stages of mitosis (ewbk-5360)

Meiosis (ewbk-5366)
Labelling the stages of meiosis (ewbk-5364)

Video eLessons

® Amoeba (eles-2694)

Euglena (eles-2695)

Stages of mitosis (eles-4215)
Stages of meiosis (eles-4216)

Interactivities

® Mitosis (int-3027)

The stages of mitosis (int-3028)
Labelling the stages of mitosis (int-8128)
Labelling the stages of meiosis (int-8129)

Practical investigation eLogbook
® [nvestigation 2.4: Observing cell division (elog-0697)
® |nvestigation 2.5: What’s the chance? (elog-0699)
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2.8 Passing on genes to the next 2.12 Biotechnological tools to edit the

generation genome
eWorkbooks eWorkbook
e Alleles and inheritance (ewbk-5368) e Manipulating DNA (ewbk-5331)

® Mendel’s experiments (ewbk-5370) Video eLessons

Video eLessons ® Sample preparation for DNA electrophoresis (eles-2699)
® Genotype (eles-4222) e DNA amplification (eles-4164)

® Phenotype (eles-4223) ® Restriction enzymes (eles-4212)

® Co-dominance (eles-4224) ® Ancient resurrection (eles-1070)

Interactivities Weblinks

® Making families (int-0681) PCR

® Genotype (int-0668) Electrophoresis

® Generating the phenotype (int-0178) Click and clone

How CRISPR lets us edit DNA — Jennifer Doudna
What is CRISPR?

CRISPR in Australia

What you need to know about CRISPR — Ellen
Jorgensen

® Biotechnology timeline

Practical investigation eLogbook

® [nvestigation 2.6: How does the environment affect
phenotype? (elog-0701)

® |nvestigation 2.7: Genetics database (elog-0703)

2.9 Punnett squares and predicting

inheritance 2.13 Interwoven stories of DNA and the
eWorkbook genome
® Practising Punnett squares (ewbk-5372)
Weblinks
Interactivity ® ENCODE: Encylopedia of DNA Elements
® Punnett squares (int-8131) e Barbara McClinton Nobel Prize lecture
2.10 Interpreting pedigree charts 2.15 Project — The gene lab
eWorkbook ProjectsPLUS
® Pedigrees (ewbk-5327) ® The gene lab (pro-0111)
Video eLesson .
2.16 Review

® Autosomal recessive disorders (eles-4221)

Digital document

Int tivit
nieractivity e Key terms glossary (doc-35028)

® Pedigrees and genotypes (int-8122)
eWorkbooks

2.11 Exposing your genes through genetic Topic review Level 1 (ewbk-5333)
testin g Topic review Level 2 (ewbk-5335)
Topic review Level 3 (ewbk-5337)

eWorkbook

Study checklist (ewbk-5339)
Literacy builder (ewbk-5340)
Crossword (ewbk-5342)
Word search (ewbk-5344)
Reflection (ewbk-3038)

® Genetic testing (ewbk-5329)

Weblinks

e Cystic fibrosis and carrier screening

® What is genetic counselling?

® Can genetic testing services really predict your
future?

® New genetic testing technology for IVF embryos

® DNA chip

® The limits of ancestry DNA tests, explained

Practical investigation eLogbook
® Topic 2 Practical investigation eLogbook (elog-0689)

To access these online resources, log on to www.jacplus.com.au.
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LEARNING SEQUENCE

3.1 Overview...

3.2 Classification

3.3 Biodiversity and variation
3.4 The evolution revolution
3.5 Natural selection

3.6 Evolution and speciation

3.7 Geological time and biogeography

3.8 Yesterday’s plants

3.9 Fossils

3.10 More evidence for evolutio

3.11 Origin of whose species? .........

3.12 Exploring extinction

3.13 Tapestries within our biosphere

3.14 Thinking tools — Gantt charts

3.15 Project — Natural selection board game
3.16




3.1 Overview

Numerous videos and interactivities are embedded just where you need them, at the point of learning, in your
learnON title at www.jacplus.com.au. They will help you to learn the content and concepts covered in this topic.

3.1.1 Introduction

Five minutes to midnight? If we compressed Earth’s 4.5-billion-year history into a single year, Earth

would have formed on 1 January and the present time would be represented by the stroke of midnight on

31 December. Using this timescale, the first primitive microbial life forms appeared in late March, followed
by more complex photosynthetic micro-organisms towards the end of May. Land plants and animals emerged
from the seas in mid-November. Dinosaurs arrived early on the morning of 13 December and then disappeared
forever in the evening of 25 December. Although human-like creatures appeared in Africa during the evening
of 31 December, it was not until about five minutes before the New Year that our species, Homo sapiens,
appeared on Earth.

FIGURE 3.1 All environments change over time.

The great diversity of living things may be explained by the theory of evolution by natural selection. Variations
upon which natural selection acts may be determined by both genetic and environmental factors. The selection
of some variations over others is related to their possible effects on increasing the chances of survival and
reproduction of individuals that possess them, such as the caterpillar in the topic opener, who is able to
camouflage and hide from predators. In this way, favourable variations may be passed from one generation to
the next. But what is the evidence for this theory and how can it be evaluated and interpreted?

Resources

Video eLesson Ancient DNA (eles-1069)

Watch this video to understand how the DNA of ancient and not so ancient humans is
analysed at the Australian Centre for Ancient DNA.
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3.1.2 Think about evolution

Why do humans still have a tailbone despite being born without a tail?
. What has dating got to do with rocks?

. How much Neanderthal DNA do you think you have in your genome?
How can one species become two?

What does a clock have to do with your ancestors?

. Why should we celebrate our differences?

LI NER O

3.1.3 Science inquiry

Understanding the relatedness between species
When you look at living things around you, have you considered how closely related you are?

Every living thing on Earth is thought to have descended from one single entity. This was a sort of primitive

cell that floated around in the primordial soup over three billion years ago. It has been named the last universal
common ancestor or LUCA (as shown in figure 3.2). Considerable controversy surrounds this ancestor, because
it has left no fossil remains or any other physical clues of its identity. Researchers, however, are comparing genes
from all forms of life and have put together a portrait of this cell that could be the ancestor of us all.

FIGURE 3.2 The theory of the last universal common ancestor

Eukaryotes

Animals Fungi

Plants

o[l dme | I N
L 5

Single-celled

Archaea eukaryotes

Bacteria

Last universal
common ancestor (LUCA)

Scientific evidence suggests that LUCA was anaerobic and autotrophic and may have lived in deep iron-sulfur
rich hydrothermal sea vents. Advances in technologies over the last couple of decades have enabled scientists
to sequence genomes and to produce genome databanks. Interestingly, the expression of some of LUCA’s 355
genes may have enabled it to metabolise hydrogen as a source of energy and to tolerate very high temperatures.
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INVESTIGATION 3.1

Exploring relatedness and the last universal common ancestor

elog-0747

Aim
To gain an understanding of common ancestors and how features are retained or changed across species

PART A: Investigating similarities in closely related species

Materials
¢ Different species of plants

Method

1. Carefully observe the features of the four different species
of possums in the figure. Make lists of how the possums
are similar and how they are different in your results.

2. Go outside and explore four different species of plant.

You may wish to take photos of each. Make lists of how
the plants are similar and how they are different in your
results.

Results

1. Construct a table outlining ways in which the possums are different and ways in which they are similar.
2. Construct a table outlining ways in which the plants are different and ways in which they are similar.

Discussion

1. Suggest reasons for the differences.

2. Suggest how species may have become different.

3. Would plants and possums have common ancestors? What features do they have in common that may
suggest this.

Conclusion
Summarise the differences and similarities between species and why these might be important in evolution.

PART B: LUCA — your ancestor

Method

1. What do you think Earth was like three billion years ago? Find out whether your hypothesis supports current
evidence.

2. Suggest the features of organisms that could survive on Earth three billion years ago.

3. Suggest processes or features that may have increased the chance of organisms passing on their traits to
their offspring at this time.

4. Design an organism that could survive these conditions.

Results
Provide a labelled diagram of your organism that includes descriptions of all of its features.

Discussion

1. Do any organisms living today share any of these features?

2. Explain why the organism you designed would be able to survive in conditions from three billion years ago.

3. State what LUCA is an abbreviation for and outline why it is important.

4. a. All forms of life are coded by nucleic acids (DNA or RNA). Suggest a reason for this.

b. Compare your organism with others in your class. What differences would you expect in their DNA
and RNA?

Based on figure 3.2, identify the following.

a. Which group branched off the earliest from LUCA?

b. Are humans more closely related to fungi, plants, algae, bacteria or archaea? Explain how you drew this
conclusion.

o
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6. If scientists discovered evidence of a species such as the one you created, how do you think they
might show that this is the last universal common ancestor? What processes would they follow to
support this?

7. Scientific evidence suggests LUCA possessed the gene necessary to produce the enzyme reverse gyrase.
Find out this trait may have enabled LUCA to survive in its harsh environment.

8. Research what is meant by the terms anerobic and autotrophic. How might these traits relate to LUCA’s
survival?

9. Phylogenetists study the genetic relationships and evolutionary history of organisms. Discoveries from
investigations of the historical relatedness of genomes has resulted in some scientists shifting their support
for a two-domain phylogenetic tree. In the two-domain tree, scientists hypothesise that eukaryotes evolved
from endosymbiosis between archaea and bacteria, as shown in the following figure.

Eukaryotes A schematic of the two-domain tree, v_vi_th
Bacteria eukaryotes evolving from endosymboisis
Archaea between members of the two original
trunks of the tree, archaea and bacteria

Will further advances in technology support this new hypothesis, or will it lead to the synthesis of a new line
of thinking?
10. a. Research scientific evidence for and against the two-domain tree hypothesis. Summarise the secondary
data you found (include the sources of your information).
b. Was the research you explored valid and reliable? How do you know?
c. On the basis of your research, which phylogenetic LUCA tree do you support? Explain.
d. Discuss your findings and share your views with others.

Conclusion

Summarise what is meant by the last universal common ancestor and what features it might have had to survive
in a very different environment from today’s.

Resources

eWorkbooks Topic 3 eWorkbook (ewbk-6590)
Student learning matrix (ewbk-6594)
Starter activity (ewbk-6592)

Practical investigation eLogbook Topic 3 Practical investigation eLogbook (elog-0745)
Weblink The mysterious origins of life on Earth

I e a r n Access and answer an online Pre-test and receive immediate corrective feedback
and fully worked solutions for all questions.
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3.2 Classification

LEARNING INTENTION

At the end of this subtopic you will be able to define the term ‘species’, describe the relationship between
classification hierarchy levels, outline the binomial naming system and the five kingdom classification system,

and appreciate that classification systems are not fixed.

3.2.1 Classification can change

Classification is not fixed. With the wonders of new
knowledge and understanding comes the excitement — and
the frustration — of new theories and terminology.

Theories have shifted from a model of two kingdoms (plants
and animals), to a five-kingdom model (shown in figure 3.3),
and then with several further adjustments, including the
introduction of a three-domain system. Initially, the main
characteristics used to classify organisms into these groups
were structures visible to the human eye — based on features
of the organism itself. With the development of microscopes,
cell structure was also used. Now, new technologies enable
analysis at a molecular level. Such technologies provide
details of the chemical composition of organisms (such as
DNA sequences) which can also be used to classify them.

As our understanding of the basic structure of organisms
(as shown in figure 3.4) has improved, our classification has
become more refined over time.

FIGURE 3.3 The five-kingdom model
of classification still continues to have
variations to this day.

FIGURE 3.4 The basic structure of many living things. Is this the same for all living things?

Multlce_llular Systems Organs Tissues
organism

3.2.2 Changing tides of classification

Robert Whittaker proposed the five-kingdom classification

in 1969. In 1990, Carl Woese proposed a model that focused
on genetic rather than physical characteristics to divide
organisms into groups. This new grouping added broader
levels of classification (domains) that were then divided into
kingdoms. In 1998, Thomas Cavalier Smith instead proposed
two empires and six kingdoms, including a new kingdom,
Chromista. He (alongside other researchers such as Michael
Ruggiero) refined this again in 2015, adding Archaea back in
as a kingdom.

With new technologies, classification systems often

change, and are quite flexible over time as new information
becomes available. Classification systems have come a long
way since the initial division in the 1700s of organisms into
Vegetabilia and Animalia!
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Although classification systems are not fixed and can change when new information is discovered, they are
particularly useful for categorising organisms into groups. Classification systems help us to see patterns and
order, so we can make sense and meaning of the natural world in which we live.

DISCUSSION

With new technologies constantly becoming available, what other types of classification schemes do you
think might be suggested? Use the internet to find out the latest classification systems and reasons for their
differences from previous systems.

Resources

Weblink A higher level of classification of all living things

3.2.3 Binomial nomenclature

Classifying organisms into groups provides a framework that uses specific criteria and terminology and
improves our communication about organisms. The Swedish naturalist Carolus Linnaeus (also known as Carl
von Linn€) developed a naming system that could be used for all living organisms. It involved placing them
into groupings based on their similarities. He called the smallest grouping species.

FIGURE 3.6 The naming system from Linnaeus

Linnaeus’ naming system was called

the binomial system of nomenclature
because it involved giving each species
a particular name made up of two words
(The word binomial comes from the Latin
terms bi-, meaning ‘two’, and nomen,
meaning ‘name’). The scientific names
given to organisms were often Latinised.
In this system, the species name is made
up of a genus name as the first word
and a descriptive or specific name as the
second word. A capital letter is used for
the genus name and lower case for the
descriptive name. If handwritten, the
species name should be underlined; if
typed, it should be in italics.

FIGURE 3.7 A painting of Carolus
Linnaeus as a young man

species taxonomic unit
consisting of organisms capable
of mating and producing viable
and fertile offspring

binomial system of
nomenclature system devised
by Carolus Linnaeus giving
organisms two names, the genus
and another specific name

FIGURE 3.8 Naming a species involves using the genus and descriptive name

Species name Descriptive name

Homo sapiens sapiens
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3.2.4 Species

In the same way that classification schemes have changed, our definition of the term species has also changed.

SCIENCE AS A HUMAN ENDEAVOUR: Historical definitions of species

Historically, the definition of the term species has developed and become more refined.

¢ One of the earliest definitions of species was by John Ray in the late 1600s, who believed that species
did not change over time and were able to breed true, believing any variations were accidental rather than
definitions of different species.

¢ In the time of Carolus Linnaeus, a species was a separate group of organisms with shared physical
characteristics.

¢ Jean-Baptiste Lamarck believed that species could in fact change over time, supporting the early ideas of
speciation (the creation of new species).

e Charles Darwin, in 1859, appreciated the difficulty in defining a species. He stated that a species was a
more arbitrary term, and was a set of individuals that closely represented each other. However, Darwin did
appreciate the natural variation within species.

e In 1942, this definition was further refined by Ernest Mayr, who defined species as a group of individuals who
were able to interbreed and are reproductively isolated from other groups.

Our current definition of species

Although genetic technologies have blurred the lines of our classification system, our usual definition of species
refers to individuals that can interbreed to produce fertile offspring.

Species also fit into another grouping in terms of where they belong within an ecosystem. Ecosystems consist
of a number of different communities. Within these communities are populations of individual organisms of a
species living together in a particular place (habitat) at a particular time.

FIGURE 3.9 The interrelationship between ecosystems and species

o . . Individual
- Communities - Populations - Species - .
contain contain contain contain organisms
consist of contain
contain contain contain contain contain

Understanding what defines a species is vital in understanding biodiversity, and how

biodiversity within different species is driven by the process of evolution. population members of one

species living together in a
particular place at the same time

Resources biodiversity total variety of living
things on Earth
eWorkbook Classification of species (ewbk-6610) evolution the process in which
traits in species gradually change
assessm Additional automatically marked question sets over successive generations

194 Jacaranda Science Quest 10 Victorian Curriculum Second Edition



3.2 Exercise learn

To answer questions online and to receive immediate feedback and sample responses for every question, go to
your learnON title at www.jacplus.com.au.

Select your pathway

LEVEL 1 LEVEL 2 LEVEL 3
Questions Questions Questions
1,2,7,9 3,5, 8, 11 4,6,10, 12

Remember and understand

1. State whether the following statements are true or false. Rewrite any false statements to make them true.
a. Classification is fixed and does not change.
b. Classifying organisms into groups provides a framework that uses specific criteria and terminology and
improves our communication about organisms.
c. As you move from kingdoms to species, there are more differences between the members of the group.
d. Individuals that can interbreed and produce fertile offspring belong to the same species.
e. Binomial nomenclature involves giving each species a particular name made up of its phylum and its order.
2. Name the three domains that organisms can be categorised into.
3. Match the contributor to their contribution to classification in the following table.

Contributor Contribution to classification

a. Carl Woese A. Developed a naming system that could be used for all living organisms and
which involved placing them into groupings based on their similarities, with
the smallest grouping being called species.

b. Carolus Linneaus B. Proposed a model that focused on genetic rather than physical
characteristics to divide organisms into groups.

c. Robert H. Whittaker | C. Proposed the five-kingdom classification system.

4. a. Define the term ‘species’.
b. Outline the naming system used in the binomial system of nomenclature. Kingdom
5. Match the term to its description in the following table.

a. Homo A. Descriptive name Phylum
b. Homo sapiens B. Genus
c. sapiens C. Species name
Class
Apply and analyse
6. BEH a. Outline why scientists classify organisms into groups. Order
b. Explain why classification of organisms is not fixed.
c. Explain why the number of kingdoms has changed over time.
d. Suggest criteria that are used to divide organisms into different kingdoms.
7. Describe the relationships between the two terms in each of the following pairs. Family
a. Genus and genera b. Phyla and phylum
c. Homo and sapiens d. Genus and species
e. Species and populations f. Species and ecosystems

8. I Identify which of the following pairs contains members with the most in common and
then justify your response.
A. Kingdom and species B. Order and phylum
C. Genus and family D. Class and order

v

TOPIC 3 Evolution 195



Evaluate and create

9. Create a flowchart using the following terms to show their connections.

e Populations e DNA e Multicellular
e Ecosystems e Organism e Systems

e Tissues e Species e Cells

¢ Classes e Communities e Kingdoms
e Families e Phyla e Orders

e Genera e Nucleus e Organs

10. Research and report on one of the following contributors to classification. Evaluate how their contributions
affected our understanding of classification.
e Carolus Linnaeus ¢ Robert H. Whittaker e Carl Woese
11. Research and construct a table showing the key similarities and differences between the three domains.
12. EH a. Investigate recent research in different kingdoms of living things.
b. Outline evidence being used to suggest new classifications, or modifications to our current
classifications.
c. State and justify your opinion on whether changes should be made based on the evidence you have
outlined.
Fully worked solutions and sample responses are available on your digital formats.

3.3 Biodiversity and variation

LEARNING INTENTION

At the end of this subtopic you will be able to provide examples of biodiversity and variation, describe causes of
this and explain their relevance to the survival of a species.

3.3.1 It’s great to be different

Look at the dogs in the photograph in figure 3.10. What differences can you see? How did these come about
when all the individuals belong to the same species?

FIGURE 3.10 All these dogs are the same species but have a wide range of variation.
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Variation in humans

Have a look at the people around you. How many differences do you notice? How can you explain your
observations? One part of your response might deal with genetics and inherited traits; another part might deal
with the environment. The variation of characteristics or phenotypes within populations has contributed to the
survival of our species.

FIGURE 3.11 Lots of variation exists between individuals.

3.3.2 Genetic diversity

Biodiversity (or biological diversity) has to do with variation within living things. Biodiversity can exist on a
number of different levels. For example, it can be described in terms of an ecosystem, at the level of species,
or even at the level of individual genes.

Species diversity is the number of different species within an ecosystem.

In contrast, genetic diversity is the range of genetic characteristics within a single species. The most important
level in terms of evolution is that of the gene. Variation at a genetic level is an important factor that allows for
evolution to occur.

ACTIVITY: Finding variations within a species

Choose a species. Using the internet, magazines or other resources, collect pictures that show variation within
the species. Place these on a poster (you may create a physical or digital poster) and label the types of variations.

Causes of genetlc dIVGI’SIty variation differences between

Genetic diversity is important because it codes for variations of phenotypes, some cells or organisms

of which may better suit the individual organism to a particular environment than ecosystem community of living

others, giving it an increased chance of survival. If this individual survives, the e i 5T W't.h ez .
. . K X Lo other and with the environment in

chance of it reproducing to pass the advantageous gene to its offspring is increased, which they live

also giving them an increased chance of surviving. Overall, this genetic advantage species diversity the number

will increase the survival of the species within that particular environment. So, how of different species within an

ecosystem

genetic diversity variation in
genes between members of the
same species

does this genetic diversity come about?
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FIGURE 3.12 Causes of variation

Within individual

Within population

| | | |
Mutations Meiosis Ga.met‘e Gene flow RanQom_ Natural
combinations genetic drift selection
Changes in Random joining Change oceurs Some variations
Ang . of sperm and ova 9 provide increased
genetic material S by chance .
at fertilisation chance of survival
Independent Crossing 9ver: Immigration: Emigration: Pass on genetic
assortment: exchanging possible introduction possible loss of Over time,
random assortment parts of of alleles into alleles from increase in
of chromosomes chromosomes population population favourable variation.

3.3.3 Mutation

Mutations can occur in all organisms and is the source of new genetic variation. A change in the genetic code
in DNA can lead to a change in the protein that is coded for and produced by that segment of DNA. Examples
of mutations were explored in subtopic 2.5. This can change the organism’s characteristics.

In figure 3.13, for example, a change in DNA has led to the production of a protein that changes the colour of
the mouse from white to black. Mutations that occur in germline cells (such as sperm and eggs) are the source
of new alleles (alternative forms of genes) within populations.

FIGURE 3.13 Differences in DNA and genes can lead to variation between individuals.

DNA for DNA for
gene A mutant version Different
Protein A of gene A protein A
White
mouse Black
’ mouse
Adaptations

Variations that increase chances of survival may lead to new adaptations. An adaptation may be considered to
be a special feature or characteristic that improves an organism’s chance of survival in its environment.

Different types of adaptations are possible; for example:
e structural adaptations (such as hair to keep warm or the colour of a moth)
e behavioural adaptations (such as courtship display to attract a mate)
e physiological adaptations (such as the ability to produce concentrated urine to
conserve water).

Can you think of adaptations that you possess that increase your chances of survival
in your current environment?
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Resources

Video eLesson Blue footed booby mating dance (eles-2701)

Weblink The five fingers of evolution

3.3.4 Variation between individuals

Variation between individuals that reproduce sexually may
also be the result of several other factors besides mutation.
Variation between individuals can be described in terms of

FIGURE 3.14 Independent assortment and
crossing over during meiosis are two causes

of variation.
alleles — the alternative forms of genes. These alleles can
in turn be passed on to future generations. x
Chromosome 1
Variation can occur during meiosis due to: X | Chromosome 2
e the independent assortment of the chromosomes into A Chromosome 3
the gametes (figure 3.14). )( Chromosome 4
e crossing over of sections of maternal and paternal |
chromosomes (figure 3.15) Meiosis | f 1
These processes were introduced in section 2.7.5 in topic 2. ){ |
The combination of gametes that fuse together during \ ?(
fertilisation provides another source of variation, as does )‘ /
the selection of a particular mate. \ X
Meinﬁ‘ﬁ ¢_kﬁ

)"\ (.'|. “:"

FIGURE 3.15 The process of crossing over

alleles alternative forms of a

Homologous Recombinant . o
. gene for a particular characteristic
chromosomes chromatids o o
Bivalent meiosis cell division process that
T 1T 1 T = results in new cells with half the
' number of chromosomes of the
original cell

chromosomes tiny thread-like

structures inside the nucleus of
- - a cell that contain the DNA that

carries genetic information

gametes reproductive or sex
' cells such as sperm or ova

crossing over exchange of
alleles between maternal and

Non-sister Sister Chiasma paternal chromosomes

chromatids chromatids

ACTIVITY: Modelling variation

Construct a model (using plasticine, pipe cleaners or beads) that shows one of the following.
a. Independent assortment and crossing over
b. Possible variations of outcome from the fertilisation of gametes

TOPIC 3 Evolution 199



3.3.5 Variation within populations

Genetic variation within populations can be referred to in terms of the frequency
and number of different alleles within the population. While the genotype describes
the combination of alleles for a particular trait within an individual, a gene pool
describes the alleles for a particular trait within a population.

Within a population, gene mutations, sexual reproduction and gene flow may

all promote genetic biodiversity or variation within a gene pool. Genetic drift
(changes due to chance events) and natural selection (changes due to some
organisms having a survival and reproductive advantage under certain pressures),
can also have an impact on allele frequencies — and can result in changes that
reduce biodiversity within populations. Natural selection will be explored further
in subtopic 3.5.

gene pool the total genetic
information of a population,

usually expressed in terms of allele
frequency

gene flow the movement of
individuals and their alleles between
populations

genetic drift changes in allele
frequency due to chance events
such as floods and fires

natural selection process in which
organisms better adapted for an
environment are more likely to pass
on their genes to the next generation

FIGURE 3.16 Examples of genetic drift and natural selection. a. In genetic drift, changes in the gene pool
are due to chance events (in this case, all beetles had an equal chance of being stepped on). b. In natural
selection, specific organisms have a trait that gives them an advantage against a certain selective pressure

(in this case, orange beetles are more camouflaged).

a. b.

Selection
pressure

f@% rl%ﬁ

Genetic drift

Source: Bioninja.

CASE STUDY: Frogs and gene pools

When individuals of a species of frog mate, they recombine
their genetic material to produce offspring that show a
wide variety of characteristics. Such variability within a
species is important because it may enhance the chances
of survival of the individual’s offspring in a changing
environment. Some individuals may have genes (or alleles)
that assist in their survival. They may then pass these
favourable genes on to their offspring. On the other hand,
if a large number of frogs emigrated or were removed from
a particular habitat without mating, their genes (or alleles)
would be removed from the gene pool. Once removed,
they are gone forever.

FIGURE 3.17 A species of frog might
show a wide variety of characteristics; this
variability enhances the chances of survival.
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Gene flow

Movement of individuals between
populations provides another possible source
of diversity. Emigration (moving out)

may result in the loss of particular alleles; %\

immigration (moving in) may result in the ﬁ'

addition of new alleles into the population f?& ‘@
(particularly when the individuals reproduce ﬁ% é&ﬁ -&
in the new population). @_ ﬁ

Before advances in technology provided
humans with relatively easy long-distance
The separate identities of these groups was N
o i f Source: Bioninja.
maintained by geographical barriers such as

mountains and oceans, and by attitudinal and
social barriers.

FIGURE 3.18 Gene flow is the movement of individuals.

With the advent of faster and more accessible means of transport and improved communication technologies,
these barriers are now starting to break down, and migration and interbreeding between human groups is
widespread.

Sometimes the variation introduced into a population is not beneficial. An inherited anaemic disease,
thalassaemia, is common among people living along the Mediterranean coast. As people from this part of

the world migrated to Australia, they brought with them the thalassaemia allele. For an individual to have
thalassaemia, they need two parents who carry the allele. Therefore, an increasing number of people within the
Australian population have this disease.

In other cases, the introduction of a genetic trait into a population may increase the chances of survival of
individuals with the trait. This new variation may contribute to increasing the fitness of the population to the
current or future environment.

3.3.6 Reduced biodiversity

The use of reproductive technologies such as artificial selection, artificial insemination, IVF and cloning

has the potential to unbalance natural levels of biodiversity. These technologies can be used in horticulture,
agriculture, and animal breeding to select which particular desired characteristics will be passed on to the next
generation.

Artificial selection

emigration a type of gene flow

For thousands of years, humans have used selective breeding techniques to breed - g
in which an individual leaves a

domestic animals and plants. We have selected which animals will mate together population
based on their possession of particular features, to increase the chances that their immigration a type of gene flow
offspring will have features that suit our needs. This type of selective breeding in which an individual enters a
is called artificial selection. population

artificial selection the process in
Because fewer individuals are selected for breeding, genetic diversity is reduced, which humans breed animals or

plants in such a way to increase

and inbreeding may result. As well as decreasing variation in the traits of offspring, he|proportion/of desired fraits

inbreeding can increase the chances of inherited diseases.
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Artificial insemination

The sperm of a prize-winning racehorse may be used
to inseminate many mares, increasing the chance of
offspring that also possess the race-winning features
of their father. This leads to a larger contribution

of alleles from this horse than would naturally be
possible. It can also lead to reduced genetic diversity
within the populations of horses in which this occurs.

FIGURE 3.19 A liquid nitrogen bank filled with
straws of frozen bull semen used for impregnating
dairy cows

Artificial insemination is also used to impregnate
dairy cows. Straws of semen collected from bulls can
be tested or kept in liquid nitrogen to be stored for
future use.

IVF and embryo screening

In-vitro fertilisation (IVF) techniques allow the testing
and selection of embryos for particular characteristics
prior to their implantation. This can also have an
impact on genetic diversity. Imagine the effect of
implanting only female embryos or only those with a
particular recessive trait.

DISCUSSION

In small groups, discuss the theoretical implications on human populations if humans were able to allow for the
selective implantation of embryos that:

a. are male

b. possess recessive traits such as red hair or blue eyes

c. have a potential for a higher 1Q

d. have a potential for paler skin.

Cloning

Imagine the production of a population of genetically identical individuals. Although they may be well suited
to a particular environment, what might happen when the environment changes to one that they are not suited
to? Cloning can occur in many ways, as outlined in topic 2. (Refer to section 2.13.4 for some examples of this,
including information about the cloning of the first mammal, Dolly the sheep.)

FIGURE 3.20 Cloning in plants

Calluses grow
into clones of
Clippings grow into parent plant
masses of cells
called calluses ‘

e —————

Vo L Root clippings collected
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Consequences of reduced biodiversity

Reduci