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FOREWORD BY LYN BEAZLEY

| am delighted and honoured to provide a preamble for this very special book.

| have been inspired by biology since my youngest days back in England,
spurred on by a school visit to Charles Darwin’s house and a chance to look
through his microscope. | was then off to Oxford and Edinburgh to study
biology, but it was only when | moved to Western Australia that | realised just
how extraordinary the life forms on our planet truly are.

| came from a part of the world that has around 1500 species of flowering
plants. Western Australia, a world-recognised biodiversity hotspot, has many
times that number, spanning diminutive subterranean orchids to among the
tallest trees in the world. Then there are our amazing land animals — aestivating
frogs, marsupial moles, echidnas, honey possums (feeding exclusively on pollen
and nectar), numbats and kangaroos. The creatures on our coasts and in our
oceans range from elegant sea dragons and fairy penguins to mysterious whale
sharks, the largest fish in the world.

Our amazing biodiversity exists across a vast land mass that varies from
tropical to temperate, and is very occasionally icy. It has both lush forests and
deserts, and is framed by reef-fringed coasts and deep oceans. Australia has
been shaped in isolation over millions of years as it drifted north from the

4

supercontinent Gondwanaland. It has been less impacted by the disruptive effects of glaciation and volcanic activity
than many parts of our planet. Yet now we are withessing the impact of climate change within a human lifetime.

| can think of no better way to introduce biology to our school students than through a book such as this,
based on Western Australian examples of animals and plants with which they have grown up.

| hope the next generation of our students enjoy and benefit from this book, learn from it and are inspired,
so they in turn can play a part in ensuring this most precious part of planet Earth is protected and can sustain

generations to come.

AUTHOR AND REVIEWER TEAM

Author

Mya Skirving

During Mya Skirving's teaching career, she has completed a Master of
Science Education degree and been appointed as Science Curriculum
Coordinator, WACE and HSC Biology Marker (over a 12-year period),

Level 3 Classroom Teacher, and 2iC in the science department of an academic
selective school. Several of her students have been awarded a WACE Subject
Exhibition. She enjoys providing useful resources for other teachers as well
as students, and worked for a number of years with university students as a
Teacher Advocate. Her love of the biological world, coupled with her love of
education, inspired her to write this set of textbooks and NelsonNet material
to fill the need for a biology resource with a particularly Western Australian
flavour.

Yuyn Boahasy

Lyn Beazley AO, FAA, FTSE
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Reviewer

Jane Brandenburg

Jane fills a number of roles at a top-ranked Western Australian school, including Learning Coordinator, Creativity
Activity Service Coordinator and Year Coordinator. She is also a teacher of Years 11 and 12 Biology and Human
Biology, and of Science and Mathematics, including the International Baccalaureate Middle Years Programme.

Consultant

Helen Lydon

Helen is a key advocate for and influencer of biology education in Western Australia. She is also an Associate Principal
at the Department of Education and Training, Western Australia, and a practising Association of Independent Schools
of Western Australia teacher of Year 12 Biology.

AUTHOR'S ACKNOWLEDGEMENTS

| am sincerely appreciative of my very supportive and reassuring husband (David), our three kids (Saasha, Sophie
and Justin) and our dog (Leo). Their random acts of kindness (cooking and coffees, Reabold Hill and riding), endless
patience waiting for me to finish writing the various sections, and hugs eased any stress and made this experience
achievable and enjoyable. Thank you — you all bring sunshine into my life.

The students, colleagues and scientists | have worked with, past and present, have all taught and inspired me,
especially Ant, who had faith in my ability.

I am in awe of the beauty and resilience of our natural biological world. Nothing humans have created even comes
close. | hope this book plays a part in preserving it, and | hope it will inspire passionate science students to solve big
biological problems, such as infectious disease control, wise biotechnology advancement, and ecosystem rejuvenation.

Special thanks go to the following scientists, who even when busy made time for me, vastly improving the
integrity of the material presented here: Lyn Beazley, extraordinary former chief scientist of WA and inspiration for
many of us; Pauline Charman, former Education Outreach Manager, Harry Perkins Institute of Medical Research, a
science educator with a unique skill set and knowledge in the area of biotechnology; Stephen D Hopper AC, Professor
of Biodiversity, Centre of Excellence in Natural Resource Management, School of Agriculture & Environment, UWA;
Professor John S Mackenzie, Emeritus Professor, Curtin University, Co-initiator and Vice-chair of One Health, world
expert in Ross River virus and Australian bat lyssavirus, and Consultant for the WA Biosecurity Council and WHO
(Steering Committee of the Global Outbreak Alert and Response Network); Dr Peter Mawson, Perth Zoo Science
Program Leader, Department of Biodiversity, Conservation and Attractions, Western Australian Government; and
Samantha Setterfield, Associate Professor, School of Biological Sciences, University of Western Australia.

The support of the Harry Perkins Institute (a medical research facility in Perth, WA, and an educational outreach
program for high school students) and Plant Energy Biology (PEB), who have so many innovative and collaborative
projects happening around the globe) has been greatly appreciated.

Lastly, thank you to Jeanette Birtles and John Birtles (editors), Jane Fitzpatrick (proofreader), Helen Lydon
(consultant) and Jane Brandenburg (reviewer). Their queries and advice have helped shape the book into a clearer and
more up-to-date and reliable resource.

USING BIOLOGY WA ATAR

This new Biology WA ATAR (Units 1-4) series has been created and designed to fully meet the requirements of the
Government of Western Australia, School Curriculum and Standards Authority (SCSA) Syllabus (2017). The series uses
an enquiry-based approach to enhance and deepen learners’ conceptual understanding and their ability to apply
their knowledge. This educational package provides the resources necessary to address the Science Understanding
concepts and Science as a Human Endeavour applications and Science Inquiry Skills described in the syllabus. The
content is clearly illustrated, structured and presented, making it accessible to students of all levels so they can
achieve maximum understanding and academic success.
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Each page has been carefully planned so as to include all the information needed without appearing cluttered or
overwhelming. Navigating through each chapter is easy. Activities and/or practical investigations have been included
for each chapter, connecting the conceptual and the practical aspects of biology. Below is a list of the features to be
found in each chapter so that students can navigate and fully utilise this resource.

N\

UNIT3

CONTINUITY _a
OF SPECIES y ‘

/

Important ideas,
concepts and theories
are highlighted in

key concept boxes,
providing repetition
and summary for
improved assimilation

of new ideas.

Each chapter begins with a chapter opening page
including starter questions and the learning
outcomes from the SCSA Biology ATAR Syllabus

that will be covered in the chapter. This gives
students the opportunity to monitor their own
progress and learning.

The kidneys

Question set 111

S Question sets

throughout each

3 NITROGENOUS WASTES

chapter enable
formative assessment
in bite-size chunks
graded from
Remembering to

Creating, offering

regular opportunities
to recall new terms

and review recent

concepts.

Protecting human and animal health — a WHO discussion

@

There has been a rise in emerging infectious diseases, particularly zoonotic diseases. Zoonotic
diseases include influenza and TB. Factors that are affecting the spread of zoonctic diseases
include: changes in the environment, habitat destruction, and global movement. The World

Q
Health Organization (WHO) predicted in 2019, prior to the emergence of COVID-19, that the
next human pandemic was likely to be zoanotic
Questions
1 [nwhat way can changes in the environment or climate affect the spread of infectious
disease?
2 [nwhat way can habitat destruction affect the spread of infectious disease?
3 Inwhat way can an increase in global movement of people and wildlife affect the spread of
infectious disease?
4 Construct an inference about why zoonctic diseases are emerging faster than they did m
previous decades.
m

The problem of osmosis

Simple unicellular organisma, such as Amoeba, solve the problem of water gain from camosis by
accumulating the excess water in little bubbles in their cytoplasm. These contractile vacuols
swell to bursting point. and the surplus water is expelled from the cell surface as the vesicular
membrane suddenly contracts.

Application boxes offer opportunities for students

to accurately apply models and scientific principles

to complex systems in both familiar and unfamiliar

contexts.

Scientific literacy boxes discuss a scientific text or
media item, encouraging students to use evidence to

evaluate the claims and conclusions presented.

——@) The koala’s DNA has been sequenced

Koala popalacons in ¥ 5W and Guemaland
deopped by 52w betwesn 2990 wd 3010,
czanting 16 tha beber ol [ materind Spcsen
Scanthific Lommitten dnasare §:¢ the dxcline
Schaied chlamyda (i infactioss daeam)
bushdires degzoyng their habeats wild doge

arnl Burant

e Koalun arw grart knder ly
ilneabie tr - e ity b e thay
e bwanly codiact oo e fox L iz
wsad ool The severe prprubstion decllim
experian e by komlae hawe proepesd WW R
Juzralis end other grogpe to norEmAts

the kaals br uplisting fom vlsarsble 1o

R —

A tma of Austraban scd sterTatiarnal
scieciusts (led by Adjunct Frofesscr el
st i M, Ko< St st
A rertar Tebacca b wen (ot ad) and
Prcsfarmos Kt rizvm Budov wt U Ubsrvwesity
of Spduwy] complein] the wockd-fist full
veguen o of the osls genome i 0
The entive vequence of nucleotdes found ine
wnalss UNA was reconded

The Australan led Xoda Oencem

FICAURE 111 A beasa's g 13 ey
Conmetasm of W scmetans fram 3 Yoy wpers o

Case studies provide opportunities to see how
science is applied using up-to-date, real-world and

local Western Australian examples of context.

9780170452922



’ The activities and investigations offer
CHAPTER ACTIVITY AND INVESTIGATIONS

S = SOUTHERN opportunities to develop the Science
T Inquiry Skills listed in the SCSA
Biology ATAR Syllabus. Southern Biological and Cengage

= have collaborated to ensure they are effective, exciting and

current. Some of the investigations written by Southern

Biological are exclusive to Cengage, and all investigations

have been rigorously stress-tested by Southern Biological

to ensure that they will work in the classroom. Some

investigations have taking it further ideas at the end,

suggesting how to extend or adapt them for further study.

"""""""""""""""" — Chapter summary sections and a glossary of

CHAPTER EE] REVIEW QUESTIONS

important terms introduced in the chapter

support revision and self-reflection. Chapter

review questions provide, in larger chunks, further

scaffolding for summative assessment, including

Creating questions. Practice exam questions

(WACE exam questions) give practice in answering
exam questions specifically related to the content
students have been studying.

NELSONNET

NelsonNet is your protected portal to the premium digital resources for Nelson textbooks, located at
www.nelsonnet.com.au. Once your registration is complete, you will have access to comprehensive
digital resources that supplement each chapter, including:
e worksheets
e practice exams
e activities
Weblink o useful weblinks
e answers.
Icons in your NelsonNetBook will link you to these resources.
Teachers will have access to these resources plus chapter tests, answers to practice exams, practice
tests, videos of lab investigations (provided by Southern Biological), chapter PowerPoints, syllabus mapping
and teaching plan documents, and a PDF version of the student book.

NELSONNETBOOK

The NelsonNetBook is a customisable, interactive eBook that can be used online and offline. Accessible on desktops,
laptops, tablets and interactive whiteboards, it reproduces the student text in digital form. Annotate your eBook with
notes, highlights, weblinks and voice recordings, and access resources directly from the NelsonNet student website.
Teachers can share their personalised version of the eBook with the class or particular groups. It is also possible to
download an offline version of the book, and iPad and Android apps.

Disclaimer
Please note that complimentary access to NelsonNet and the NelsonNetBook is only available to teachers who

use this student book as a core educational resource in their classroom. Contact your Education Consultant for
information about access codes and conditions.

9780170452922
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CHAPTER 1 CONTENT

By the end of this chapter, you will be able to use the following
science inquiry skills.

SCIENCE INQUIRY SKILLS

»

»

»

»

»

»
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—9780170452922 ==
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identify, research and construct questions for investigation;
propose hypotheses; and predict possible outcomes

design investigations, including the procedure(s) to be
followed, the materials required, and the type and amount of
primary and/or secondary data to be collected; conduct risk
assessments; and consider research ethics, including animal
ethics

conduct investigations, including the use of probabilities

to predict inheritance patterns, real or virtual gel
electrophoresis, and population simulations to predict
population changes, safely, competently and methodically
for the collection of valid and reliable data

represent data in meaningful and useful ways, including the
use of mean, median, range and probability; organise and
analyse data to identify trends, patterns and relationships;
discuss the ways in which measurement error, instrumental
accuracy, the nature of the procedure and the sample size
may influence uncertainty and limitations in data; and select,
synthesise and use evidence to make and justify conclusions
interpret a range of scientific and media texts, and evaluate
models, processes, claims and conclusions by considering
the quality of available evidence, and use reasoning to
construct scientific arguments

communicate to specific audiences and for specific purposes
using appropriate language, nomenclature, genres and
modes, including scientific reports

ATAR Biology Syllabus, Government of Western Australia,
School Curriculum and Standards Authority

|
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UNIT 3 | BIOLOGY WA ATAR UNITS 3 & 4

BB INVESTIGATIONS

Investigations use a scientific process to answer a question, explore an idea or solve a problem. They
require activities such as planning a course of action, collecting data, interpreting data, reaching a
conclusion and communicating about these activities. They can involve observation, data collection,
research, field work, laboratory experimentation and manipulation of simulations. Investigations are
central to our understanding of the biological world.

Sometimes an important advance in science begins with a lucky accident. For example, after
hearing from milkmaids that people who contracted cowpox (a relatively harmless disease picked
up after working with cattle) were protected from deadly smallpox, the British physician Edward
Jenner effectively kickstarted the science of vaccination. Jenner used samples from open cowpox
sores on a dairymaid’s hands to inoculate a young boy and protect him against smallpox. In this
process, he introduced a microorganism that caused a mild form of the disease, and it resulted in the
boy developing immunity. However, nearly 100 years would pass and significant research would be
required before scientists were able to show that microorganisms caused infectious disease. Lucky
accidental discoveries like this may begin a new field of research, but they need to be followed up by
carefully planned investigation.

Usually, advances in science come from a process of systematic observation and
experimentation, inductive and deductive reasoning, and the formation and testing of hypotheses
and theories. How these activities are carried out can vary greatly, but there are some common
factors that we will explore below. The process by which science advances is known as the scientific
method.

When an investigation has finished, it is good practice to check whether the findings align with
current theories. Theory can be used to explain experimental results. A theory is ‘a set of concepts,
claims and/or laws that can be used to explain and predict a wide range of related observed or
observable phenomena. Theories are typically founded on clearly identified assumptions, are testable,

produce reproducible results and have explanatory power.’
ATAR Biology Syllabus, Government of Western Australia,
School Curriculum and Standards Authority

Key concept

The main role of science is to observe, question and investigate the natural world. The scientific
method enables science to proceed.

THE SCIENTIFIC METHOD

Investigations can vary greatly, so the generic steps for conducting an investigation will need to be
adapted to the task.

The generic steps are:

Make an observation (or observations).

Ask questions about the observation(s).

Form a hypothesis and make predictions based on that hypothesis.

AP W DN P

Test the hypothesis using a planned procedure that is reproducible, and uses the appropriate
models and instruments.
5 Record results, analyse the data (usually by graphing it) and draw conclusions; accept or reject
the hypothesis or modify the hypothesis if necessary.
6 Reproduce the experiment until there are no discrepancies between the observations and
the modified hypothesis.
7 Discuss and evaluate the results and the procedure.

9780170452922



CHAPTER1

ﬁ Observations ﬁ

Determine whether data
support or disprove
hypotheses.

Propose questions.

Perform background

Determine how conclusions research.
fit in with other information.
p Ng
Conclusions Hypotheses

Check experimental results

for reproducibility.
reproducibity Select or develop models.

Analyse data and
compare them with
predicted values.

L Controlled experiments Q

FIGURE 1.1 The scientific method

Design experiments to test
hypotheses.

Researching and refining your question

After recording your observation(s) and formulating a question, the next step is to find out what is
already known about the concepts. Use the Internet, your textbooks and the library to find out. Make
sure you keep a record of the information that you find, as well as the sources of the information.
You should start a logbook at this stage. Your logbook will contain the planning of your investigation,
the raw data you obtain, and the draft of your report. Good record keeping is important in scientific
research, and it begins at this stage of the investigation.

Read a range of scientific media and texts. Published journal articles (e.g. CSIRO articles) can be

helpful. Be critical of what you read. Do not assume that everything you read online, or even in books,

is true. Evaluate the claims and conclusions, and check that they were written relatively recently
and have not been superseded by more recent research. Scientists spend a lot of time reading other
scientist’s published work so as to build on current knowledge. For example, scientists working

on medications and vaccines for severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2),
the virus causing COVID-19, read widely about other pathogenic coronaviruses affecting humans,
including SARS-CoV-1 and the Middle Eastern respiratory syndrome coronavirus (MERS-CoV).
Immunologists at Harvard Medical School demonstrated in 2003 that SARS-CoV-1 used its spikes to
penetrate cells. In 2020, scientists at the Chinese Academy of Sciences confirmed that SARS-CoV-2
attaches to the same receptor. Scientists working on the SARS-CoV-2 vaccine are using previous
knowledge and recently developed vaccine technology (such as recombinant protein vaccines) to
develop a safe and effective vaccine (Figure 1.2, page 4).

When you are conducting an investigation, you may find examples of similar investigations to
the one you are thinking of. It is a good idea to look at these, so you can learn from the experience
of other researchers. However, in general, it is better not to try to replicate or copy someone else’s
investigation exactly. If you do decide to replicate someone else’s investigation, then you need to
acknowledge and carefully reference their work. See the section on referencing (page 16). If you do
not do so, it is plagiarism. This is a very serious form of academic misconduct.
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FIGURE 1.2 Scientists have found that the protein spikes on SARS-CoV-2 penetrate a cell by attaching to a host cell surface receptor protein
called the ACE-2 receptor. The enzyme TMPRSS2 facilitates virus entry. They are using this knowledge to develop an effective vaccine.

Forming a hypothesis

A hypothesis is a scientific statement, based on the available information, that can be tested by
experimentation. It can be thought of as ‘an educated prediction’. It should describe an expected
relationship between the independent and dependent variables in observable phenomena. Once you
have decided on your research question, what you are trying to find out, you need to turn itinto a
hypothesis.

If your research question is in the form of "What effect does a new fertiliser have on root growth?’
it can be turned into a hypothesis such as, ‘If a new fertiliser is applied to a plant, then the rate of root
growth will increase’.

If the hypothesis is written correctly, the independent and dependent variables should be easy
to identify. Usually, an investigation will have one dependent variable and one independent variable
in each trial. A variable is a factor that can change. There may be several factors that can cause
change in a particular variable. To conduct a trial that produces valid results, only one of these factors,
the independent variable, should be manipulated (changed). The other factors, which need to
be kept consistent between the control group and the experimental group, are called the
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controlled variables. The factor that changes as a result of the change in the independent variable

is called the dependent variable. It is the set of changes in the dependent variable that is observed,
measured and recorded and which becomes the investigation’s results. The results will either support
or not support the hypothesis. A sound hypothesis is falsifiable, and results that do not support the
hypothesis can be of as much value as those that do in accumulating scientific knowledge.

Even if your hypothesis meets these criteria, do not be surprised if you change or modify it during
the course of your investigation. In scientific research, the question you set out to answer is often only
a starting point for more questions.

For the hypothesis ‘If a new fertiliser is applied to a plant, then the rate of root growth will increase’,
are you able to determine the independent and dependent variables? (The term rate refers to change
in a quantity, usually per unit time. Root growth rate is likely to be measured in millimetres per day.) In
the first half of the hypothesis, we see that the factor to be varied by the investigator is the type of
fertiliser. This is the independent variable. In the second half of the hypothesis, we see that the factor
to be observed and measured is the rate of root growth, the dependent variable. A controlled variable
might be the amount of fertiliser added.

Key concept

A research question informs a hypothesis. A hypothesis describes the relationship between the
independent and dependent variables.

Planning

Keep the hypothesis and the purpose of the investigation clearly in mind during the planning of the
procedure. Your predictions about what you think may happen will help with your planning. It is
helpful to ask yourself some questions first.

» What data will you need to collect?

» What materials and equipment will you need?

* When and where will you collect the data?

» |f you are working in a group, who will collect the data?

* Who will be responsible for record keeping?

* How will the data be analysed?

The data that you collect will always
include primary data, and will usually include
secondary data. Secondary data are data
collected by a person or group other than
the person or group using the data. Primary
data are data collected directly by the person
conducting the investigation.

Consider how you will analyse the data.
Will you need access to specific software,
such as a graphing or statistics package?
Keep a record of your planning. This should
go in your logbook. Writing down what
you plan to do, and why, will help you stay
focused during the investigation. If you
are working in a group, then a record of
what each person agrees to do during the
investigation can be very important.

When variables have a numerical value, FIGURE 1.3 These seedlings are being grown under
you make quantitative measurements. You consistent conditions to control the independent variables.

k.com/Take Photo
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measure each numerical value in the appropriate units. For example, you might measure root length
in centimetres, or the weight of roots in grams.

Continuous variables can take any possible value, usually within a particular range. Length, time
and current are continuous variables. In the root growth example, root length is a continuous variable
because it can take any value within a range. A variable that can take only fixed values is called a
discrete variable. Data for discrete quantitative variables (e.g. number of electrons in an atom) are
usually whole numbers because the quantity cannot be broken into fractions. In the root growth
example, the number of roots is a discrete variable.

In some investigations, you may have qualitative measurements as data. Qualitative data can
include words or descriptions and can at times be subjective. For example, a chemical reaction may
lead to a colour change. You would usually describe the colour in words, such as ‘pink’ or ‘green’,
rather than using a number. Sometimes you use a combination of qualitative and quantitative data.
For example, you may describe roots as reaching a maximum length in centimetres (quantitative), but
growing in a particular direction or pattern (qualitative).

Once you have decided on the variables you will be measuring, you will be able to identify the
equipment and other resources you will need.

Risk assessment

You may be required to complete a risk assessment before you begin your investigation. Even if this is
not a requirement, it is a good idea to think about risks. You need to consider three things.

1 What are the possible risks to you, to other people, to property and to the environment?

2 How likely is it that there will be an injury or damage?

3 If thereis an injury or damage, how serious are the consequences likely to be?

A ‘risk matrix’, such as Table 1.1, can be used to assess the severity of a risk associated with an

investigation. The consequences are listed across the top, from negligible to catastrophic,
and the likelihood of each consequence occurring increases as you look down the rows. A
negligible consequence may be getting clothes dirty or a very minor injury such as a scratch.
A marginal consequence might be a bruise from falling off a bike, or a broken branch in a tree.
A severe consequence could be a more substantial injury or a broken window. A catastrophic
consequence could be a death or the release of a toxin into the environment. In general, you need
to ensure that your investigation is low risk. You can use a risk matrix either for individual identified
risks, or for the investigation overall.

TABLE 1.1 Matrix for assessing severity of risk

CONSEQUENCES — NEGLIGIBLE MARGINAL SEVERE CATASTROPHIC
LIKELIHOOD\l/

Rare Low risk Low risk Moderate risk High risk
Unlikely Low risk Low risk High risk Extreme risk
Possible Low risk Moderate risk Extreme risk Extreme risk
Likely Moderate risk High risk Extreme risk Extreme risk
Certain Moderate risk High risk Extreme risk Extreme risk

Once you have considered what the possible risks are, you need to think about what you will do
about them: what you can do to minimise them, and how you would deal with the consequences if
something did happen. This may be as simple as deciding to ‘Always wear a lab coat, gloves and safety
glasses’. You can use a risk assessment table similar to Table 1.2.
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TABLE 1.2 Example of risk assessment

The fertiliser might be spilled on clothes or skin during ~ Wear a lab coat, gloves and safety glasses.
application. Clean up spills immediately.

Safe use and disposal of biological material

When dealing with many biological materials, it is important to be aware of safe handling and disposal.
For example, when growing known or unknown microbes on agar plates, it is important to use safe
sterile techniques (discussed below) and to wear a lab coat, gloves, safety glasses and, if required, face
mask. Treat all microbes on agar plates as potentially pathogenic, and autoclave used plates before
disposing of them. An autoclave is a machine that can heat an object to very high temperatures. It is
sometimes used to kill pathogens.

Animal ethics

Activities that affect living organisms need to comply with the Australian Code for the Care and Use of
Animals for Scientific Purposes.

The main thrust of ethics is treating animals, other people and the environment with care and
respect. If your investigation will be using humans, then you need to make sure you do not harm
them, either physically or psychologically. If you are working with animals, then there are animal
ethics to consider. The welfare of animals used for the purposes of research is legislated by state and
federal laws, and respect for all animals (vertebrate and invertebrate) used in research is of the utmost
importance. When using animals for research, scientists must adhere to the ‘3Rs’". These are:

¢ Reduction alternatives: methods that obtain comparable levels of information from the use of
fewer animals in scientific procedures, or more information from the same number of animals.

* Refinement alternatives: methods that alleviate or minimise potential pain and distress, and
enhance animal wellbeing.

* Replacement alternatives: methods that permit the given purpose of an activity or project to be
achieved without the use of animals or with the use of non-sentient animals or animals of a lower
sentient value (those that lack a nervous system).

Stock.com/Maksym Panchuk

FIGURE 1.4 The use of animals for research purposes is governed by state and federal laws.
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Animal ethics

Anyone working with animals in Australia is
bound by guidelines and laws to safeguard
animals. Research is conducted on animals
other than humans for several reasons: some
animals have lower sentience; also, the time
between generations is shorter in some animals,
which reduces the waiting time for results. The
precise meaning of sentience is contested in
science and in philosophy, but it can be defined
as the ability to experience consciousness,
pleasure, self-awareness and pain. Some
invertebrates (such as jellyfish) do not have a
central nervous system that is as sophisticated
as that of humans, and they are considered to
have a lower sentience than humans.

RSPCA Australia promotes ethical
treatment of animals as observing what should,
rather than what could, be done to animals.
Scientists should have an understanding of the
pain physiology of the animals used in their
research. They also need to be able to recognise
normal and abnormal behaviour, so they can
assess an animal's welfare and make an ethical
decision about whether or not to continue a trial.

A model is ‘a representation that
describes, simplifies, clarifies or provides an
explanation of the workings, structure or
relationships within an object, system or idea’

ATAR Biology Syllabus, Government of Western Australia,
School Curriculum and Standards Authority
A model can be used to test outcomes that
might be expected in the real world: for
example, an animal that has a similar immune
response to humans can be used to test a

Key concept

vaccine; computer simulations can be fed real-
world data to generate predicted outcomes.
Animals such as mice, guinea pigs, rats, pigs
and non-human primates are commonly used
as models for research because, as mammals,
they share a lot of genetic code with humans
and have a likelihood of responding to tests in
a similar way. A range of vaccines, infectious
agents and chemicals have been tested on
animals such as these to find out the possible
effects on humans.

Since the discovery of the susceptibility
of ferrets (Mustela putorius furo) to influenza
virus in the 1930s, they remain one of the
most useful animal models for studying
influenza infection. They have a similar
respiratory system to that of humans, their
lung physiology is similar, they are susceptible
to similar viruses, and (unlike guinea pigs and
mice) ferrets sneeze, experience fever and
produce nasal discharge.

More recently, COVID-19 researchers have
been using ferrets for the testing of infection
and vaccines. The research team of Dr Rob
Grenfell, Director of Health and Biosecurity,
CSIRO, aims to understand how the infection
progresses and how it behaves so as to be able
to create an effective vaccine. However, ferrets
feel pain in the same way we do, so strict ethical
guidelines for the use of ferrets and other
animals in Australian research laboratories
must be followed. The guidelines are to be found
in the Australian Code for the Care and Use of
Animals for Scientific Purposes.

When using animals for research, scientists must adhere to the 3Rs: reduction, refinement and

replacement alternatives.

Procedure

The procedure is a planned set of steps enabling you to approach your research systematically. It is
important to describe clearly what you plan to do (noting any modifications you make) so you can review
the procedure later and communicate it to others. It is written in the past tense. A fellow student should
be able to follow your procedure and reproduce the results you have recorded. Let's examine an exemplar
procedure for a given hypothesis. The first task is identifying the independent variable (the variable that
you will vary), the dependent variable (the variable you will measure) and the controlled variables (those
you will keep constant). (Note: fungicides are chemicals that are used to treat fungal diseases, such as rust
in plants. The symptoms of rust include orange-brown patches on the leaves of affected plants.)
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HYPOTHESIS If a particular brand of fungicide is applied to the plant, then symptoms of rust will
disappear.

INDEPENDENT Type of fungicide

VARIABLE

DEPENDENT Extent of symptoms (orange-brown patches)

VARIABLE

CONTROLLED Volume of water used, time of day for watering plants, plant species, ambient temperate,

VARIABLES soil type, light conditions

PROCEDURE 1 One hundred plants of the same species infected with the same species of rust

(fungus) were obtained. All individual organisms had a similar leaf area of orange-brown
patches.

2 Fifty plants were treated with the fungicide and 50 plants were left untreated.

3 Other than presence or absence of the fungicide, the conditions listed as ‘controlled
variables’ were the same for both the experimental and control groups.

4 After a set time, each plant was examined to check the number and size of
orange-brown patches.

5 The results were recorded in an appropriate table.

6 Repeat trials were conducted, and again the results were recorded. Averages of the
number and size of orange-brown patches were calculated for the fungicide group and
the non-fungicide group.

Once you have written a procedure, a checklist is useful to ensure your procedure has been
written correctly. Check that:

e you have a relatively large sample size

» the independent variable will be present or varied in the experimental group, but absent or kept
constant in the control group

» all other variables will be kept constant

» data will be collectable within the time frame you have available

» the method for measuring the dependent variable and the units of measurement are clear

» multiple trials will be conducted and an average will be calculated.

Key concept

Good design of an investigation is systematic and clear. It includes a procedure, materials, data
collection, risk assessments and ethical considerations.

Results: recording the data

The raw data should always be recorded directly into a logbook, unless it is recorded using data
loggers connected to a computer. In that case, a printout of the data should be attached to the
logbook, and the file name and location recorded. Make sure that you measure and record everything
you will need for your analysis. Use appropriate units (e.g. centimetres for lengths and grams for
weights). Note that the accuracy of your measurements will often be restricted by the accuracy of
the instruments you use to take them. For example, a ruler may only have markings down to 0.1 cm.
Make a note of these restrictions, as they may affect the accuracy of your final results, especially if the
changes measured are very small.

If you are going to be collecting multiple data points, it is a good idea to record them in a
table. Label the columns in the table with the name and units of the variables. Do not put the
units in the table cells. The first column usually contains the measurements for the independent
variable. Table 1.3 (page 10) provides an example of a table of data. These data were recorded
during an investigation into the use of a specific fertiliser and its impact on the yield of a species
of wheat.
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TABLE 1.3 Results of investigation into soil fertiliser and wheat yield

FERTILISER APPLICATION TRIAL 1 YIELD TRIAL 2 YIELD AVERAGE YIELD
(kg/ha) (BUSHELS/ha) (BUSHELS/ha) (BUSHELS/ha)
0 29 31 30
25 40 42 41
50 51 49 50
75 60 58 59
100 70 70 70

Results: analysing the data

Once you have collected your data, you can begin to analyse it. Performing statistical calculations,
such as finding the mean, median, range and probability, allows you to represent the raw data in a
more meaningful and useful way.

Calculating mean, median and range

The mean or average of a set of numerical data is found by:
1 adding all the data points together
2 dividing by the number of data points.
The median of a data set is the value that has half of the data points above it and half below it.
The median of a data set can be found by:
1 arranging the data points in ascending order
2 selecting the middle data point; or, if there is an even number of data points, taking the mean of
the two central values.
The range describes the total spread of the data. It can be calculated by:
1 ordering the data from lowest to the highest
subtracting the lowest value from the highest value.
The inter-quartile range of a data set is the middle 50% of values in a data set when they are
ordered from lowest to highest. It is found by:
1 dividing the ordered data set into two halves
2 finding the median of the lower half of the set (Q1) and the median of the upper half of the set (Q3)

Quartiles and
3 subtracting the median of the lower half from the median of the upper half (Q3 — Q1).

inter-quartile range
This resource

works through an General graphing rUIeS

example of calculating
inter-quartile range. The most reliable way to present patterns in data, and help identify the relationships between

variables, is to plot a graph. Graphs show points of data for at least two variables. Because of their
visual nature, graphs can reveal relationships or trends that statistics and data tables cannot.

1 When presented with quantitative data, you need to decide whether they are discontinuous
(discrete) or continuous (measurable) data and select the appropriate type of graph to use.

2 Line graphs are used when the independent variable is continuous (can take any numerical value
within the range of the data) and the dependent variable is quantitative (can be measured or counted).

3 If the independent variable provides discontinuous quantitative data or qualitative data, a column
(bar) graph is usually selected. The bars in a column graph do not touch.

4 Histograms look like column graphs for continuous quantitative data, but the bars do touch. Each
bar on the x-axis represents a range of values for the independent variable. The y value is the
number of individuals associated with each range of x values.

5 Pie charts are an alternative way of displaying data for a qualitative independent variable and are
used to show what percentage or fraction of the whole each category represents. The data add
up to 100% or "1, respectively.
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6 Column (vertical bar) and bar (horizontal bar) charts are useful for comparing two data sets in
which at least one data set is qualitative. Examples would be average root length varying with
different types of fertiliser, or the number of endangered species in the different states and
territories of Australia. The bars do not touch (see Figure 1.6, page 12). However, do not use a
column or bar chart to try to show a mathematical relationship between variables.

7 The independent variable measurements are on the x axis. The axis is labelled, and the units are
included in brackets [e.g. Time (years)].

8 The dependent variable measurements are on the y axis. Again, the axis is labelled and the units
are included in brackets [e.g. Length (cm)].

9 Include a title to help the reader determine what the graph is showing. The title should
include the variables involved and, when appropriate, the specific time over which the
experiment was conducted (e.g. 'The effect of temperature on the amount of sugar dissolved
in tea after 2 minutes’).

10 The graph should take up more than 50% of the graph space provided. The scale should
be worked out to maximise the filling of the graph space, while allowing some space for
extrapolation of data. The data points should not extend outside of the given graph space. The
intervals can be worked out by dividing the range of data by the number of available intervals on
the axis. In Figure 1.7 (page 13), you will see an example of a set of data points for the investigation
on soil fertiliser and wheat yield.

The range of the data is 0 to 100 kg/ha on the x-axis and 0 to 70 bushels/ha on the y-axis. There
are 12 graph intervals on the x-axis and 16 graph intervals on the y-axis. Allowing some room for
extrapolation within the graph space available, using 10 of the 12 x-axis intervals for 100 units of
data, and 14 of the 16 y-axis intervals for 70 units of data works well.

If the number of intervals on the y-axis is 6, to allow some room for extrapolation, this could be
reduced to 5 intervals. Each interval thus represents 20 kg/ha.

As a guideline, use sensible interval values (such as 1, 2, 5, 10 or 50) to make the graph easy to
plot and interpret. Poorly spaced scales can lead to inaccurate readings. Always start from zero.
On rare occasions, to manipulate the scale to fit, you may need to ‘break’ the axis after zero and
then select equal intervals for the scale after the break.

11 When showing multiple sets of data on the same set of axes, a key should be used. You can use
symbols such as A, X or 0. The name of the data set that each line on the graph represents can be
written near it.

Graphs drawn in biological science

1 To see whether there is a trend, carefully rule short straight lines between each of the plotted
data points.

2 Do not extend the line further beyond the minimum or maximum recorded data. However, if
asked to extrapolate, you can rule a dashed line for a short distance beyond the last data point if
the graph is approximately linear.

3 The title should include the independent and dependent variables and, if appropriate, the time
period over which the experiment was conducted. It does not need to be brief. Words such as
‘versus' or ‘against’ are just restating the axis labels and should not be used in graph titles. Instead,
rephrase it for easier reading, as shown in Figures 1.5-1.8 (pages 12-13).

4 Do not draw a line of best fit unless you have good reason to expect there is a linear relationship
between the independent and the dependent variables. The relationship may not be linear, the
variables may not be controlled enough to produce a straight line, and there are often insufficient
data points to be confident about the values in between.
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5 Interpolation involves reading points, other than data points, within the region in which
you have data. It is a prediction made between two known data points. Linear extrapolation
involves reading points other than data points in the region beyond your measured points.
Interpolation is more reliable than extrapolation, because it involves a prediction within
the range of the known data points. Linear extrapolation is an estimation determined by
extending the last line, using the gradient of the last two data points if there is a relationship
between the variables. For the purposes of this course, when a relationship between the
independent and dependent variables has been established, extrapolation is done by
extending the line joining the last two data points for a short distance with a dotted line.
Note that many scientists, however, extrapolate by extending the line of best fit. If one of
the last two points is an outlier, the gradient of the line connecting them will not be a good
indicator of the trend. An outlier is a data point that does not fit the pattern shown by other
measured data points. The line of best fit is a line ruled through the data points with an equal
number of data points either side of it. It can be created mathematically for more accuracy,
and published scientific papers often contain examples of this technique.

Data points and line graphs

Biology for life Water temperature over 14 days

This website contains
some helpful advice on
deciding the number of

data points.

30

Graphing with Excel
After learning the skill
of hand-drawing graphs,
students interested in
creating graphs using
Excel can use these
tools.

25

Water temperature (°C)

20

o

Day number

FIGURE 1.5 A typical line graph in a biological sciences ATAR course

Effects of fertiliser on root growth

Standard deviation
Standard deviation
calculations can inform
a scientist about the
spread of the results. A
high standard deviation
indicates that the data
points are quite varied
from the average,
whereas a low standard
deviation indicates that
most points are very
close to the average.

Change in root length (cm)

0 .
Standard fertiliser ~ New fertiliser

FIGURE 1.6 Bar graph of two data sets, with amount of uncertainty indicated by the error bar at the top of each
data set
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The effect of a new fertiliser on wheat yield
(average no. bushels/ha)
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extrapolation from the results of the investigation on
soil fertiliser and wheat yield. Interpolation indicated
62 bushels/ha. Extrapolation indicated 74 bushels/ha.

Key concept

Interpolation is prediction of a data point within the range of the known data points.
Extrapolation is prediction of a data point outside the range of the measured data.

Discussion

The discussion needs to include an evaluation of the procedure and the results. It can be broken into
sections such as the following.
1 An evaluation of the reliability and validity of the procedure and the accuracy of the results

You can almost always make suggestions to improve the procedure.
Reliability is the degree to which an assessment instrument or protocol consistently and
repeatedly measures an attribute and achieves similar results for the same population.
When you repeat an experiment and get the same results, the data are considered reliable.
Reliable data can be obtained by repetition and replication if the procedure is valid and good
experimental technique is used. Repetition involves multiple trials within the same investigation
or using a large sample size. Replication is the same investigation being conducted several
times, possibly by more than one investigator. An average (mean) can often be calculated
from the quantitative results obtained by both repetition and/or replication. This can reduce
anomalous data/outliers.
Validity is the extent to which tests measure what was intended, and the extent to which data,
inferences and actions produced from tests and other processes are accurate. Valid data can
be achieved by identifying the variables that should be controlled and then controlling them. It
can also be gained by the use of a control group. A control refers to a standard or group that is
the same as the experimental group but for which the independent variable does not vary. The
purpose of the control group is to ascertain that the cause of any change in the experimental
group is due to change in the one independent variable.
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Accuracy is the extent to which a measurement result represents the quantity it purports

to measure; an accurate measurement result includes an estimate of the true value and an
estimate of the uncertainty. It is the degree of closeness of a measurement of a quantity to its
actual true value.

2 A discussion of the ways in which measurement error may have affected the data
Measurement error is the difference between the experimental result and its true value.
Systematic error, mistakes and random error can all contribute to measurement error.
Systematic error is error that is due to instrument accuracy and use; for example, the failure
to zero an instrument before use or using the wrong type of instrument for the investigation.
Reading an instrument from a consistent but non-90° angle can produce this type of error. A
potometer may leak water and indicate a higher rate of transpiration than is correct. If a student
consistently reads the volume of a liquid at the same but wrong part of the meniscus, there will
be systematic error. Systematic error can shift measurements in a consistent direction. This will
have an impact on the reliability of the results, because if the investigation is repeated without the
error, the results will not be the same.

Mistakes, or avoidable measurement error, may arise from carelessness or incorrect use of an
instrument. If a student knows to measure a water level at the bottom of the meniscus, but does
not take care that their eye is level with the meniscus, avoidable measurement error can occur.
Such error will also affect the results.

Finally, random error may occur. The only way to reduce this type of error is to increase the
sample size or the number of trials.

3 Future applications and implications of the investigation.

Interpreting your results: conclusions

If your results support your hypothesis, then this can be stated in a conclusion, along with a statement
about the relationship between the variables shown by the results.

A sample conclusion for the investigation on soil fertiliser and wheat yield could be as follows.

The results supported the hypothesis. As the fertiliser application increased from 0 to 100 kg/ha,
the average number of bushels per hectare rose from 30 to 70. An increase in fertiliser application
caused an increase in wheat yield.

There needs to be clear evidence for any relationship claimed in the conclusion. The evidence in
this case will be of a quantitative nature, because the data recorded were quantitative. If you gather
qualitative results, then key qualitative data are needed as evidence for the conclusion about the
hypothesis.

If the results do not support the hypothesis, this can be stated in the conclusion instead. Possible
reasons for this may be suggested in the discussion.

It may be that the nature of the procedure did not take into account all of the variables. For
example, in the root growth experiments, it may be that the new fertiliser works best at a particular
temperature, or over a longer time, or in conjunction with certain soil conditions.

It may be that the sample size used in the experiment was too limited to fully test the hypothesis.
Thus, you might conclude that further experiments are required to increase the total sample size
being tested.

Before you decide that the hypothesis was wrong, it is a good idea to check carefully that you
have not made any mistakes or ignored any variables needing to be controlled.

Key concept

The discussion and conclusion critically evaluate the procedure and results of an investigation,
discussing their reliability, validity and accuracy, and, when relevant, suggest ways the
investigation could be improved.
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COMMUNICATING YOUR RESULTS

If research is not reported, then no-one else can learn from it. An investigation is not complete until
the results have been communicated. The majority of scientific investigations are first communicated
to others through the publication of written reports.

Writing reports
A report is a formal and carefully structured account of your research. It is based on the data and
analysis in your logbook. However, the report is a summary. It contains only a small fraction of what
appears in the logbook. Your logbook contains all your ideas, rough working and raw data. The report
typically contains none of this.
A report consists of several distinct sections, each with a particular purpose. It usually includes
the following:
¢ Introduction
e Procedure
¢ Results and analysis
» Discussion
+ Conclusion
¢ Acknowledgements
* References
e Appendices.
Reports are always written in the past tense, because they describe what you have done.

Introduction

The introduction tells the reader why you did the investigation and what your research question and
hypothesis is. This is the place to explain why your research is interesting or important.

The introduction also provides any background information needed to be able to understand the
rest of the report. This is the place to summarise any existing theories. You need to do this to put your
hypothesis into context. You should also summarise any similar investigations. All of this should be
correctly referenced, as described in the section on referencing (page 16).

Procedure

The procedure describes what you did. It summarises what you measured and how you measured
it, step by step. Write your procedure using sentences, not dot points. There should be enough
detail for another student to be able to replicate the experiment. Remember that it needs to be
written in past tense. For example, you would write, ‘the length was measured’, not ‘measure the
length’. Include any diagrams, such as apparatus set-ups, that are needed to make your procedure
clear. The diagrams in your logbook will usually be rough sketches. The diagrams in your report
should be very neat and carefully labelled. Flow charts can be useful for describing any procedures
in which a series of steps has been followed. Each diagram should have a figure number, and you
should refer to it within the text of your report. Position the diagram close to the relevant part of
the text. Now is a good time to learn how to position figures neatly using your word processor
software. When including images taken on a microscope, a scale bar and magnification must
always be noted.
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APA referencing by
Murdoch University
A science bibliography
usually uses APA
referencing.

Results and analysis

The results section is a summary of your results. It is usually combined with the analysis section,
although they may be kept separate.

When you draw a table of results, the independent variable is usually positioned in the first
column and the dependent variable in the second column. If a table has more than a few rows of
data, it is better to represent that data in some other way. Usually this will be a graph. Think about
what sort of graph would be appropriate. (Refer to pages 10-13 for guidance.) Do not use a column
or bar chart to try to show a mathematical relationship between variables.

Discussion

The discussion should explain what your results mean. If you began with a research question, give the
answer to the question here. If you began with a hypothesis, state whether or not your results support
your hypothesis. If not, analyse your procedure and results to explain why. Was your hypothesis
incorrect? Or was the procedure or model used not suitable for the investigation?

If there are any implications of your work, such as implications for better agricultural processes or
the design of better medicines, put them here.

Conclusion

Refer to Interpreting your results: conclusions (page 14).

References

When writing a report that includes information from existing literature, use a citation to indicate
within the report that you are using someone else’s information or ideas, then include a list of
references at the end. A reference list acknowledges the sources you used, which helps you to avoid
plagiarism and strengthens your arguments. References can include journal articles, books, book
chapters, websites, newspaper articles, conference proceedings, podcasts etc.

American Psychology Association (APA) referencing is commonly used in science reports. The
APA citation style within the body of the report is an ‘author—date’ style: write, for example, '(Tian and
Castillo, 2016), ‘Roberts et al., 2019" or ‘Tian and Castillo (2016) observed ...". ‘et al.” means there are
more than two authors.

The reference list allows readers to locate sources easily and usually follows the chosen
referencing style, APA in this case. Write the surname of the author(s) followed by their initials with a
comma between authors, then the year of publication within parentheses, the title, the publisher and
the place of publication. For example:

Tian M, Castillo TL (2016) Solar heating uptake in Australia: rates, causes and effects. Energy
Efficiency Reports. Report no. 10, The Department of Sustainability and Environment, Canberra.

When a website without an author is used, the listing looks like this:

ABC News. (2003) $250 m funding boost for malaria vaccine. Retrieved from https://www.abc.
net.au/news/2003-09-22/250m-funding-boost-for-malaria-vaccine/1482220

Other ways of communicating your results

You may want to present the results of your investigation in another format. Scientists
communicate their findings in many ways: posters, seminars, journal articles, reports and
websites. Scientists usually use more than one means to communicate their research when it
is of particular interest.
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Look at examples of articles in the scientific literature and the T me——
popular media. This will give you an idea of how different styles . Power([;oint®
. . e
are used in different contexts. Think about the purpose of the anva
communication. Is it to inform, to persuade or both? What sort of Oral presentations
language is used? « Informative

Think about your audience and use appropriate language and * Persuasive

style. A poster is not usually as formal as a report. A website may be Journal articles

more or less formal, depending on the audience. « Research
« Case study

FIGURE 1.9 Examples of formats
for reporting an investigation

FIGURE 1.10 A poster session is a common way to present scientific findings at a conference.
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Chapter1
Activity sheet

CHAPTER

Science involves investigations. Prior

to an investigation, scientists: identify,
research and construct questions; propose
hypotheses; and predict possible outcomes.

e The scientific method is used to conduct
an investigation. The sequence followed in
an investigation may include: observation,
question, research, hypothesis, prediction,
procedure, results, graph, discussion and
conclusion.

e Scientists read and interpret a range of
scientific and media texts. Scientists use
critical thinking to evaluate claims and
conclusions, which leads them to construct
logical scientific arguments.

e Primary and/or secondary data are collected
to test a hypothesis.

e Prior to an investigation, a scientist should
conduct risk assessments and consider
research ethics.

e Any investigations that use animals
must consider the three Rs of animal

CHAPTER

Accuracy The extent to which a measurement
result represents the quantity being measured;
an accurate measurement result includes an
estimate of the true value and an estimate of the
uncertainty

Autoclave A device used to sterilise
equipment, reagents or contaminated waste;
autoclaves work by subjecting contents to
pressurised steam at 121°C for a set time

Continuous variable A variable that is able
to take any value within a range; length, time
and temperature are examples of continuous
variables

Control group A comparison group that is

as similar as possible to the experimental

group, except for the variable being tested (the
‘independent variable’); the independent variable
is absent or unchanged in the control group

Controlled variable A variable that is controlled

by the experimenter and kept constant during
the experiment

SUMMARY

ethics: reduction, refinement and
replacement.

e Scientists write a clear procedure to ensure
the investigation collects accurate, valid and
reliable data.

e Raw data are recorded in a logbook and
tables, and analysed using statistical
methods (e.g. mean, median, range,
probability and standard deviation).

e Data can be displayed in a meaningful way
by plotting graphs.

e The discussion and conclusion sections
of a written report evaluate ways in which
measurement error, instrumental accuracy,
the nature of the procedure or the sample
size may influence uncertainty in and
limitations of the data.

e Written reports are often used by scientists to
communicate their investigations. Posters, oral
and multimedia presentations at conferences,
and journal articles are also used.

GLOSSARY

Dependent variable A variable that changes as
a result of changes to the independent variable

Discrete variable A variable that may only take
certain values, e.g. number of individuals, or
number of legs on an animal

Extrapolation Extension beyond the measured
range of data to predict or construct new data
that has not been measured

Falsifiable Able to be disproved

Hypothesis (plural hypotheses) A scientific
statement based on the available information
that can be tested by experimentation (‘an
educated prediction’). It may describe an
expected relationship between the independent
and dependent variables based on observed

phenomena

Independent variable A variable intentionally
varied by an experimenter to see what the
outcome will be for another variable (the
‘dependent variable’)
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Inoculate To inject a harmless form of a disease
into an organism to induce immunity without
causing the disease

Interpolation Predicting or constructing a new
data point that has not been measured but is
within the range of the measured data

Inter-quartile range The middle 50% of values
in a data set when they are ordered from lowest
to highest, found by subtracting the median of
the lower half of the values from the median of
the upper half of the values

Investigation A scientific process of answering
a question, exploring an idea or solving

a problem; it requires activities such as
planning a course of action, collecting data,
interpreting data, reaching a conclusion and
communicating these activities. Investigations
can include observation, research, field work,
laboratory experimentation and manipulation of
simulations

Logbook The record of an experiment or
investigation kept by the scientist performing
the experiment; it is a legal record of the
experiments and their results

Mean The average of a set of values, found by
adding all the values together and dividing by
the number of values

Measurement error The difference between the
measurement result and a currently accepted or
standard value of a quantity

Median The central value in a data set, found
by placing the values in ascending order and
selecting the middle value or, if there is an even
number of values, taking the average of the two
central values

Model A representation that describes,
simplifies, clarifies or provides an explanation
of the workings, structure or relationships
within an object, system or idea

Outlier A data point that does not fit the
pattern shown by other measured data points

Plagiarism Presenting someone else’s work,
including their words or ideas, as your own

Primary data Data that you have measured or
collected yourself

Qualitative measurement A measurement with
descriptive or non-numerical results

9780170452922
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Quantitative measurement A measurement
with numerical values

Rate Commonly, total change in a variable
divided by the time taken; it is a mathematical
ratio of two measurements with different units;
sometimes the second variable is not time — a
rate can be the change in a variable per unit of
length or mass, etc.

Reduction Using only the minimum number
of animals needed to satisfy the statistical
requirements of research

Reference The source of a specific piece of
information or quotation

Refinement Decrease in the incidence or
impact of procedures applied to animals that are
needed for research

Reliability The degree to which an assessment
instrument or protocol is able to consistently
and repeatedly measure an attribute and
achieve similar results for the same population

Reliable data Data that have been judged to
have a high level of reliability

Replacement Substitution of insentient
materials for conscious living animals

Research question The specific question that
a particular experiment or investigation is
attempting to answer

Scientific method A process of systematic
observation and experimentation, inductive
and deductive reasoning, and the formation and
testing of hypotheses and theories

Secondary data Data or information that have
been collected by someone else

Sentience The capacity to feel and experience
emotions such as pain, fear, joy and pleasure

Theory A collection of models and concepts
that explains specific systems or phenomena;
scientific theories allow predictions to be made
and hence are falsifiable

Validity The extent to which tests measure
what was intended, and the extent to which
data, inferences and actions produced from tests
and other processes are accurate

Variable Something that can change or be
changed, as distinct from a constant, which does
not change
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CHAPTER REVIEW QUESTIONS

1 A scientist in Australia observed the effects of a potential vaccine on some ferrets and recorded
the data in a table. The Australian scientist sent the data to a scientist working for the World
Health Organization. Which scientist collected primary data and which scientist collected
secondary data? State the criteria for your selection.

2 Scientists have studied the effects of the amount of annual/seasonal rainfall (mm) on
agricultural beef production (measured in a standard cattle unit). Rainfall varies in different
areas of WA. Some pastoralists are exploring the use of supplementary irrigation systems to
grow improved tropical pastures such as sorghum and cowpea for the production of hay to feed
cattle during periods of low rainfall.

For the research already conducted on beef production, state the independent and dependent
variables.

3 If one student reads 27.5°C and another student reads 27.8°C when taking the temperature
of the same solution, suggest two strategies they could adopt to decrease the error, and thus
increase the reliability of their readings.

4  Identify whether each of the following statements is a prediction, hypothesis, inference or
conclusion.

a I deduce that a Year 12 student with dark circles around his eyes has had little sleep.

b If the amount of regular homework completed decreases, then a student’s assessment marks
will decrease. (The trend is going to be investigated with an experiment.)

¢ A Year 12 student will know more about biology than a Year 2 student.

d It was found that 93% of students who handed in homework regularly achieved a
satisfactory or above grade. This supported the hypothesis that regular homework has a
positive impact on assessment scores.

5 In recent years, WA has exported more than 350 000 live cattle per annum. WA has an excellent
clean animal health status and a National Livestock Identification System that allows the
strictest biosecurity protocols to be practised. For the time period of 2016/17, the main export
markets for WA live cattle were Indonesia, Vietnam, Israel, Turkey and Malaysia.

Construct a pie chart for the following data. Use a ruler and a protractor if you are drawing by

hand, or use a software program such as Excel.

Indonesia 46%

Vietnam 18%

Israel 18%

Turkey 15%

Malaysia 2%

Other markets 1%
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PRACTICE EXAM QUESTIONS

The numbers of seeds per flower for each of
the five plants were as follows.

Questions 1 and 2 relate to the information
below.

Some businesses provide life insurance for pets.
Data were obtained from one business on the
cause of death of insured cats over the period
1999-2006. The data are shown in the table
below.

CAUSE OF DEATH NUMBER OF INSURED CATS
Kidney failure 907
Traffic accidents 411
Other accidents 153
Skin cancers 165
Blood cancers 235
Other cancers 128
Viral infections 407
Bacterial infections 24
Heart disease 421
Hormonal disease 98

1 What proportion of cats in the data above
died from cancers?

A 0.04
B 0.12
C 0.14
D 0.18

[Q19 2019 SCSA]

2 Which of the following is a valid conclusion

from the data?

A Few owners vaccinate their cats against
viral infections.

B Kidney failure is the most common
cause of death in uninsured cats.

C Infectious diseases killed more insured
cats than heart disease.

D Cat owners mainly insure their cats
when the cats are ill.

[Q20 2019 SCSA]

3 Biologists counted the number of seeds
produced by the flowers on five plants
infected with a disease. The data are shown
in the table. Note that some plants had more
flowers than others.

9780170452922

Plant 1
Plant 2
Plant 3
Plant 4
Plant 5

FLOWER1 FLOWER2 FLOWER3 FLOWER 4

17 22 18 18
12 2 9 -
40 16 13 14
21 18 - -
a4 - - -

The mean number of seeds per flower for
Plant 2 is:

A 5.8
B 7.7
C 145
D 18.8.

[Q16 2017 SCSA]

In an experiment, the factor that is
manipulated by the experimenter is called:
A acontrol

a dependent variable

an independent variable

a replicate.

OO w

[Q22 2017 SCSA]

A man’s resting heart rate was measured
at weekly intervals over a 5-week period
during which the man undertook fitness
training. The data are tabulated below.

WEEK  RESTING HEART RATE (BEATS PER MINUTE)

1 84
2 80
3 71
4 69
O 66

These data indicate that the man’s resting

heart rate:

A was above 90 beats per minute before
the experiment began

B will drop below 60 beats per minute if
the fitness training continues

C declined at the fastest rate between
weeks 2 and 3

D increased by 20 beats per minute over
the 5 weeks.

[Q6 2016 SCSA]
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6 An increase in the sample size of an

experiment will:

A increase the reliability and validity of
the experiment

B increase the reliability of the experiment
but not the validity

C increase the validity of the experiment
but not the reliability

D not affect the reliability or validity of
the experiment.

[Q12 2016 SCSA]

The water flea Daphnia is a small
crustacean that lives in fresh water.

When Daphnia are examined under low
magnification with a microscope, the
heart is clearly visible and the beats can
be counted. A biologist wanted to study
the influence of temperature on the heart
rate of Daphnia. He collected 50 Daphnia,
randomly assigned 10 individuals to each
of five temperatures and measured the heart
rate of each individual after 15 minutes at
the assigned temperature. The results are
shown in the table below.

HEART RATE OF 10
DAPHNIA (BEATS PER 20 s)

TEMPERATURE (°C) MEAN RANGE
2 59 39-85

10 119 82-151

20 142 92-234

30 257 178-328

40 401 206-596

a  Graph the mean heart rate of the

Daphnia against temperature. (6 marks)

b i Estimate the heart rate for Daphnia
at 15°C. (1 mark)

ii Estimate the heart rate for Daphnia
at 45°C. (1 mark)

iii In which estimate do you have the
greater confidence? Give a reason for
your answer. (2 marks)

¢ i What is the independent variable in
this study? Give a reason for your
answer. (2 marks)
ii State one way of improving the
reliability of the study. (1 mark)

iii Propose a hypothesis for the study.

(1 mark)

d Explain why the biologist waited for
15 minutes before measuring the heart
rate of the Daphnia at the assigned
temperature. (3 marks)

e One of the Daphnia had a heart rate of
208 beats per 20 seconds. A biologist
concluded that this Daphnia must have
been assigned to a temperature of 30°C.
Evaluate this conclusion. (4 marks)

[Q32 2019 SCSA]

Soil salinity is a problem in agricultural
areas because many crop species cannot
tolerate high concentrations of salt.
Biologists conducted an experiment to
investigate why barley is more tolerant of
soil salt than lupins are. They germinated
90 barley plants and 90 lupin plants and
grew the plants in identical conditions
except for variation in the concentration of
salt in the soil. After 6 weeks, the biologists
measured the concentration of salt in the
xylem tissue of the plants. The results are
shown in the table below.

MEAN SALT
CONCENTRATION
IN THE XYLEM (mmol L)
SALT
CONCENTRATION BARLEY LUPINS
IN SOIL (mmol L)
0 0 0
25 2 No data
50 2 3
75 No data 7
100 5 6
125 No data 6
150 4 No data
175 No data 59
200 7 No data

a  Graph the mean salt concentration
found in the xylem for both barley and
lupins against the salt concentration in
the soil. (6 marks)

b i Estimate the mean xylem salt
concentration for barley for a soil
salinity of 175 mmol L*. (1 mark)

ii Estimate the mean xylem salt
concentration for lupins for a soil
salinity of 150 mmol L*. (1 mark)
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iii In which of the above estimates do except for the variation in soil salinity.
you have more confidence? Give a (3 marks)
reason for your answer. (2 marks) d Explain why the biologists used 90 plants
¢ Explain why the biologists grew the of each species rather than 18. (3 marks)
plants under identical conditions [Q34 2018 SCSAI

9 A group of biologists developed a model for predicting the spread of influenza in human
populations. As a part of this, they collected data on the number of individuals per household
in two locations, which are shown in the figure below.

Location 1 Location 2
100
B 8 140
2 80 2 120
g 2 100
3 3
5 0 2 80
S 40 5 60
o o
o o 40
20
£ £ 20
Z 0 Z 0
1 2 3 4 5 6+ 1 2 3 4 5 6+
Number of people per household Number of people per household

Compare the number of people per household in the two locations. Use the data provided in
the graphs to support your answer. (4 marks)
[Q32a 2016 SCSA]

10 Biologists suspected that a species of fruit fly was developing resistance to a commonly
used insecticide. They collected 1000 fruit flies from an orchard sprayed regularly with this
insecticide. In the laboratory, they sprayed the fruit flies from the orchard with the recommended
dose of insecticide and measured the percentage survival of the flies over the next 100 hours. At
the same time, they also sprayed a group of 1000 laboratory-reared fruit flies of the same species
that had never been exposed to insecticide and recorded their percentage survival over the next
100 hours. Fruit flies in both groups were kept under identical culture conditions. The data are
shown below.

e snce A oure %RUTIESHONTHE | #ugoturon: ot ur
0 100 100
20 97 8
40 51 4
60 50 2
80 49 2
100 49 0

a  Graph the percentage of fruit flies surviving over time for both the fruit flies from the
orchard and those from the laboratory. (6 marks)

b i State a hypothesis for the fruit fly experiment. (2 marks)
ii Does the fruit fly experiment have a control? Explain your answer. (3 marks)
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¢ i Calculate the number of flies from the orchard that died between 20 and 40 hours after
being sprayed. Show your workings. (2 marks)
ii Using your graph, estimate the time by which 50% of the fruit flies from the laboratory
had died. (1 mark)
iii Explain how you could modify the experiment to improve the accuracy of the estimate
of the time by which 50% of the fruit flies from the laboratory had died. (2 marks)

[Q33 2017 SCSAI




CHAPTER 2 CONTENT

By the end of this chapter, you will have covered the following
material.

STARTER QUESTIONS

1 Can you describe the processes required for the genetic code
to be transferred to the next generation?

2 How do single cells and whole organisms transfer their
genetic material to daughter cells? Is the transfer similar?

3 Do all cells duplicate their chromosomes before division?

SCIENCE UNDERSTANDING

» continuity of life requires the replication of genetic material
and its transfer to the next generation through processes,
including binary fission, mitosis, meiosis and fertilisation

» DNA is a helical double-stranded molecule that occurs
bound to proteins in chromosomes in the nucleus, and as
unbound circular DNA in the cytosol of prokaryotes, and in
the mitochondria and chloroplasts of eukaryotic cells

» variations in the genotype of offspring arise as a result of the
processes of meiosis, including crossing over and random
assortment of chromosomes, and fertilisation, as well as a
result of mutations

ATAR Biology Syllabus, Government of Western Australia,
School Curriculum and Standards Authority
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THE CONTINUITY OF LIFE

All living things are made of cells and all cells originate from pre-existing cells. Each cell contains
genetic information that codes for traits that are passed on to future generations. For life to continue,
the processes of cell division must occur. Cell division is the splitting of a cell into new functioning
cells. Organisms require cell division for growth, development, repair and reproduction. In biology,
heredity is the study of the processes that are involved in transmitting genetic material to the next
generation. For example, when black swans breed to produce a cygnet, the process of meiosis is
required to create the cells that will fuse (during fertilisation) to form the cygnet's first cell. After
meiosis and fertilisation, mitosis plays a major role in the growth of the cygnet.

FIGURE 2.1 This cygnet has been formed by the process of cell division.

All individual organisms have a finite life span, but their species continue to exist. This is because
some members of the species reproduce and pass on specific instructions embedded in their DNA
(deoxyribonucleic acid). DNA is a double-stranded helix with repeating units (building blocks) called
nucleotides. A nucleotide is made up of three parts: a five-carbon sugar, a phosphate group and a
nitrogenous base.

It is the DNA that determines the characteristics that define species. In all living things, DNA is the
molecule that contains the instructions, written in a chemical code, for the production of proteins
by the cell; the information it contains is sufficient for the making and maintaining of an organism. In
addition, DNA is the genetic material that passes on this information to the next generation.

Key concept

DNA is a helical, double-stranded molecule that contains the building blocks of life. It
determines the characteristics of all species and is passed down from generation to generation.

Living things that originate from one parent cell are said to be the product of asexual
reproduction. In this process, the offspring are produced without fusion of gametes. It usually
results in identical offspring that closely resemble their parent because they have only one source of
inherited information.

Organisms that reproduce via sexual reproduction have two sources of hereditary material.
Sexual reproduction is a process in which specialised male and female reproductive (sex) cells, called
gametes, are produced, and then fuse to form a zygote. Fertilisation occurs when the two gametes
join to form the zygote. Sexually reproducing organisms have a much greater potential for differences
in characteristics between generations than asexually reproducing organisms.
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Chromosomes of eukaryotes

Eukaryotic cells are complex cells containing many membrane-bound organelles, including a
nucleus. In eukaryotic cells, DNA is found in the nucleus bound to histone proteins. DNA is also found
in the chloroplasts and mitochondria; however, this form is not bound to proteins. The combination
of DNA and histone proteins found in the nucleus is called chromatin.

When the cell is not dividing, the chromatin is organised into a relatively loosely coiled form. As
the cell prepares to divide, chromatin coils more tightly and becomes visible as chromosomes. During
the process of cell division, the chromosomes appear in the nucleus as duplicated structures linked at
a point called the centromere. Chromosomes are normally only visible under the microscope during
cell division, and only then when stained (Figure 2.2).

Key concept

In eukaryotic cells, DNA is bound to histone proteins in the nucleus and is unbound in the
mitochondria and chloroplasts.

1400 nm

2nm
o) N\,
c
S b
30 nm
. 700 nm »
g L= |
11 nm

FIGURE 2.2 Levels of organisation of a human chromosome. a A tightly coiled and condensed human
chromosome (only visible during cell division and when stained). b A nucleosome, consisting of a section of
a DNA molecule looped twice around a core of eight histone proteins. ¢ Interacting proteins package loops
of coiled DNA and protein, called chromatin, which is organised as a cylindrical fibre. d Chromatin is further
condensed to make chromosomes.

Key concept

A chromosome is made up of a double-stranded DNA molecule wrapped around its associated

histone proteins.

In many eukaryotes, there are pairs of chromosomes, with one chromosome of each pair being
inherited from each parent. Examination of a prepared microscope slide of stained cells in the process
of nuclear division reveals a jumbled cluster of chromosomes that differ in size and shape. The
chromosomes visible in a photographic image of the microscope slide can be arranged into matched
and ordered pairs to create a karyotype, the standard graphical form used to display and analyse
chromosomes (Figure 2.3, page 28). Most of the chromosomes are ordered according to length, from
largest to smallest. Each species of organism typically has a particular number of chromosomes in
each cell.

9780170452922
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FIGURE 2.3 A male human karyotype showing 23 pairs of chromosomes
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The nucleus of each somatic cell (body cell) of a human contains 46 chromosomes, which
form 23 pairs, of which 22 are matched homologous chromosomes (Figure 2.4). The nucleus
of a Tasmanian devil somatic cell contains 14 chromosomes, which form 7 pairs, of which 6 are
homologous. The chromosomes are recognisable individually by their size, position of centromere
and banding pattern. The bands on the chromosomes correspond to large groups of genes.

Maternal Paternal
chromosome  chromosome

This locus
contains
gene A

This locus
contains
gene C

Centromere

Gene D : alleles D or d

Gene E : alleles Eore

Gene F : alleles F or f

FIGURE 2.4 Stylised representation of a pair of chromosomes. In the somatic cells of diploid organisms, one of
each pair of chromosomes comes from the male parent and the other from the female parent.
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The paternal chromosome in each pair of chromosomes comes from the male parent (via
the male gamete), and the maternal chromosome comes from the female parent (via the female
gamete).

The matched homologous pairs of chromosomes are also called autosomes. In humans the 23rd
pair of chromosomes is matched in females (XX) and unmatched in males (XY). As such, this pair of
chromosomes in males is called a heterosome. Because the X and Y chromosomes determine the
sex of an individual, they are also referred to as sex chromosomes. The 7th pair of chromosomes in a
Tasmanian devil's karyotype are the sex chromosomes.

Early in an embryo’s development, its germline cells specialise into male or female gametes
through the process of differentiation.

The number of chromosomes in each somatic cell is called the diploid number and is
represented as 2n. As chromosomes occur in pairs, n stands for the number of chromosomes in one
complete set found in one gamete, and the number of pairs that the particular species has in each
of its other cells. This is called the haploid number. A human somatic cell has 23 pairs, so its diploid
number is 2n = 46 and its haploid number is n = 23.

Along the length of each DNA molecule, there are regions of DNA (genes) that code for specific
proteins. These proteins determine the particular characteristics or traits of the organism. The
location of a specific gene on a chromosome is referred to as its locus (plural loci). In homologous
chromosomes, the corresponding gene is found at the same locus on each of the pair of
chromosomes. Alternative forms of the same gene are called alleles. Alleles are versions of the same
gene with slight differences. Sometimes there is just one single difference in the genetic sequence,
but it may be enough to cause large variation in the functioning of the gene. For example, a change
in the genetic sequence in a single gene causes juvenile hereditary cataracts (JHC) in French bulldogs
that have two copies of the changed allele. A normal, diploid organism has two of each gene in every
somatic cell with a nucleus. One is on the maternal chromosome and the other on the paternal
chromosome in a particular homologous pair, so one gene comes from each parent. For the majority
of genes, there is only one allele (or gene variant), but it is the different alleles that exist for some
genes that give individuals distinct traits.

Chromosomes of prokaryotes

Membrane-bound organelles, such as a nucleus, are not present in the single-celled organisms
known as prokaryotes. The DNA within these cells generally forms a single circular chromosome that
lies in direct contact with the cytosol (intracellular fluid) (Figure 2.5, page 30). The chromosome is
often joined to the cell membrane at a single point. Although not contained by an internal membrane,
the chromosome can be in a distinct region of the cell called a nucleoid. Additional small rings of
DNA, called plasmids, may also be present in the cytosol. Non-essential proteins are commonly
encoded on these plasmids. Plasmids can replicate independently of the main chromosome. They
have become important tools in genetic engineering, because they can be easily transferred from one
bacterium to another and replicate rapidly.

Key concept

In prokaryotes, DNA is found in the cytosol as unbound circular DNA.

Eukaryotic chromosomes are linear, with longer lengths of DNA than is present in prokaryotes,
and they need to condense into a small volume. A number of proteins work together to fold and
condense the DNA into chromatin. Prior to dividing, chromatin is condensed even further by
supercoiling to form chromosomes. Prokaryotic cells have less DNA because they are generally
haploid (i.e. only contain one copy of each gene) and they contain less repetitive non-coding DNA.
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Ribosomes Bacterial Cell
chromosome = membrane

Cell wall Cytosol Plasmid

FIGURE 2.5 DNA in a prokaryotic cell

Just as with many other strategies in nature, there are exceptions. Not all bacteria have a single
circular chromosome. There are some bacteria with more than one circular chromosome. Other
bacteria have linear chromosomes and linear plasmids. Another notable difference between the
chromosomes in prokaryotes and those in eukaryotes is the presence of histones. Most prokaryotes
do not have histones (with the exception of some species in the domain Archaea).

TABLE 2.1 Differences between typical prokaryotic and eukaryotic cells

Typical diameter 1-5 micrometres
Location of DNA In cytosol (in nucleoid)

Membrane-bound No membrane-bound organelles

10-100 micrometres
In nucleus, mitochondria and chloroplasts

Membrane-bound organelles, including a

organelles nucleus

Ribosomes Yes, they float freely in the cytosol Yes, they can float freely in the cytosol or
be attached to the endoplasmic reticulum

Chromosome(s) A single circular DNA strand (typically, DNA is wrapped around proteins

without histones) (called histones), creating units called

nucleosomes. This loosely coiled form of
DNA and protein is called chromatin. The
chromatin coils more tightly (‘condenses’)
to form chromosomes in preparation for
mitosis or meiosis.

Question set 2.1

REMEMBERING 3 Draw a pair of chromosomes and label the

1 Define: centromere, genes and loci.
a cell division UNDERSTANDING

b sexual reproduction
¢ asexual reproduction.

2 Describe the process of constructing a
karyotype.

4 Explain the difference between haploid
and diploid numbers of chromosomes,
using an example.
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5 Explain why fertilisation only occurs ANALYSING
during sexual reproduction. 8 Analyse the information about eukaryotic
6 Discuss the relationship between genes and prokaryotic cells, and describe three
and traits. of the similarities.

7 Distinguish between prokaryotic cells and
eukaryotic cells.

CELL DIVISION

Within an organism, eukaryotic cells pass on their instructions for growth and development from
one generation of cells to the next during cell division. To complete the process of cell division, both
nuclear division (mitosis or meiosis) and cytoplasmic division (cytokinesis) must occur. Mitosis is

a type of nuclear division occurring in somatic cells that maintains the parental diploid number of
chromosomes in the daughter cells; it is the basis of both bodily growth and asexual reproduction in
many eukaryotic species.

The terms ‘parent’ and ‘daughter’ cells are used for communication purposes to help distinguish
the original cell from the newly formed cells.

Under normal circumstances, cell division takes place through an orderly process. Mitosis and
cytokinesis result in the formation of two diploid daughter cells, which each contain identical sets of
chromosomes.

Meiosis is the form of eukaryotic cell division concerned with the production of gametes (sex
cells) in sexually reproducing organisms. Meiosis, a type of cellular division involving one cycle of DNA
replication and two rounds of cell division, results in the production of four haploid daughter cells
from each original diploid parent cell.

At fertilisation, two haploid gametes, a male and a female, combine to form a diploid zygote.

Key concept

Eukaryotic cell division involves a number of phases, including nuclear division (mitosis or
meiosis) and cytoplasmic division (cytokinesis). The processes of mitosis and meiosis allow for
the replication and transfer of genetic material to the next generation.

The cell cycle

The sequence of events from one cell division to another is called the cell cycle (Figure 2.6, page 32).
The cell cycle is the ordered sequence of events in the life of a cell. It begins when the cell is formed
from its parent cell and is completed with its own division. Even though we describe this cycle as
taking place in phases, in reality it is usually a continuous process. The cell division stage, in which
nuclear division and cytokinesis occur (known as M phase, or mitotic phase), is only a small part of the
cycle. The stage between cell divisions is called interphase, and it incorporates a period of metabolic
activity and growth (G1 phase, or first ‘gap’ phase), duplication of the chromosomes (DNA replication)
and of the centrosomes (S phase, or 'synthesis’ phase), and further growth and reproduction

of organelles as the cell prepares to divide (G2 phase). A further phase, GO, can also be seen in

Figure 2.6. Cells in GO are in the non-proliferating state — they are undergoing an extended G1 but are
not preparing to replicate their DNA and divide. Cells in GO have withdrawn from the active cell cycle
and can only re-enter the cell cycle under certain circumstances.
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The length of the cell cycle varies from cell to cell, and not all cells divide. For example, most
specialised cells, such as nerve cells and retinal cells in adult humans, do not divide. On the other

hand, during developmental growth and in areas of high wear, cells divide frequently. Cells can
Control of the Cell Cycle

Game divide to create new organs or tissues. For example, cells in a growing root tip may divide every
As a ‘cell division 20-24 hours. Cells in high-wear areas, such as in the skin or in the lining of the mouth or gut, divide
supervisor’ inside the to replace the dead cells 'sloughed off’ due to mechanical disturbance, or in response to new cells
cell nucleus, you are to .
steer the cell division growing below.
process to make sure
everything happens in GO phase

the right order. o
G1 phase

Cell growth before

Generalised DNA replication

animal cells

C phase
Cytokinesis

G2 phase
Cell prepares
for division

FIGURE 2.6 The life cycle of a cell. Most cells spend the majority of their time in interphase.

Question set 2.2a

REMEMBERING

1 Define:
a interphase
b mitosis
¢ meiosis.
2 List and define the six phases of the cell cycle.

UNDERSTANDING

3 Explain why the terms ‘parent’ cell and ‘daughter’ cell are used.
4 Distinguish between mitosis and cytokinesis.

ANALYSING

5 After analysing the cell cycle, draw and label a cell cycle of your own.
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Mitosis in eukaryotic cells

Prior to any cell division, a doubling of the genetic material needs to take place. This happens
during interphase (Figure 2.6). Chromosomes are not visible during interphase and cannot be clearly
distinguished under a light microscope or an electron microscope. As the cell leaves interphase
and begins mitosis, the chromatin threads get shorter and thicker, becoming visible under a light
microscope. The centrosome, which contains two centrioles, becomes visible and is duplicated
during the S phase in many cells. The centrosomes produce the spindle fibres during mitosis and
meiosis. They also facilitate correct separation of the chromosomes into the daughter cells.

Also during the S phase, the chromatin duplicates and the cell doubles its amount of genetic
material. Chromosomes form from the chromatin during the first phase of cell division in the cell
cycle, known as prophase. The DNA and histones condense, and each chromosome becomes
visible for the first time, appearing as an ‘X’ shape. The X' is made up of two chromatids attached
to each other over a small region of their DNA called the centromere (Figure 2.7). Even though
each chromosome consists of two chromatids, it is still considered to be one chromosome. The
centromere is important for the attachment of chromosomes to spindle fibres. Spindle fibres are
generated by the centrioles, which are the two small organelles inside each centrosome. Centrioles
use the spindle fibres to move the sister chromatids to opposite ends of the cell during cell division.

Homologous chromosomes Homologous chromosomes

%% |

| [ ]
Centromere M X K

Sister Sister
chromatids chromatids

FIGURE 2.7 Homologous chromosomes at two different stages of the cell cycle

Mitosis is a relatively short part of the cell cycle, and is broken down into four phases: prophase,
metaphase, anaphase and telophase. The phases of mitosis are described in detail in Table 2.2
(page 34). At the conclusion of mitosis, there is a diploid number of chromosomes in the daughter
cells, but they have half the genetic material of the parent cell in prophase. It is important to
remember that one chromosome can consist of either one DNA double helix or two DNA double
helices connected by a centromere. This helps clarify why the chromosomes of a parent cell at the
start of mitosis look different from those of a daughter cell at the end of mitosis, even though there is
a diploid number of chromosomes in both of them.

Following mitosis, cytokinesis occurs, which forms two separate, diploid daughter cells. The
daughter cells produced by mitosis are usually identical, and therefore very little variation in offspring
arises during mitosis. Mitosis is nuclear division, during which the genetic material in the parent cell is
replicated, and cytokinesis is the division and separation of the cytoplasm to create the new daughter
cells.

Key concept

Identical daughter cells are produced as a result of mitosis; in other words, variation between
daughter cells is limited in mitosis.

9780170452922
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TABLE 2.2 Mitosis — four main phases

PHASE LABELLED ILLUSTRATION

Hielslise Centromere
1 Chromatin threads condense to form chromosomes and become Spindle
visible under the microscope. fibre
2 Chromosomes consist of two sister chromatids held together by
a centromere.
3 The nuclear membrane disintegrates and the nucleolus (organelle
inside the nucleus where ribosomes are assembled) disappears.
4 The mitotic spindle begins to form and is completed by the end
of prophase. The spindle fibres attach to each chromosome atits ~ Cytosol

centromere.

5 The two centrosomes (each containing two centrioles) move
. Chromosome Nucleolus Centrosome
towards opposite poles of the cell.

FIGURE 2.8 Prophase

Metaphase Metaphase
1 The chromosomes move to the centre of the cell and line up plate

Centrioles

along the equator of the cell. The equator is also referred to as
the metaphase plate.

2 The centromeres of the chromosomes are aligned on the
equator.

3 The centrioles are located at opposite poles of the cell.

Cell
membrane

Spindle

Centromere fibre

FIGURE 2.9 Metaphase

Anaphase
1 The spindle microtubules shorten and pull on the centromeres;

the sister chromatids separate. Sister chromatids separate to become
separate chromosomes

2 The spindle microtubules pull the sister chromatids to opposite
poles of the cell.

3 The centromere, being attached to the microtubules (spindle
fibres), is the first part of each chromosome to be pulled towards
the poles. The ‘arms’ of each chromatid follow as they are pulled
along by the centromere.

4 At the end of this phase, each pole has a complete identical set of
maternal and paternal chromosomes. (The genetic material doubled
during the S phase, before cell division started, so the amount of

DNA at each pole is the same as that of the interphase parent in G1.)
5 The sister chromatids are now referred to as chromosomes.

Telophase

1 Chromosomes decondense to form chromatin, at which time
they can no longer be seen under the microscope.

2 Two new nuclear membranes (also known as nuclear envelopes)
form, one for each new daughter cell.

3 Nucleoli reappear and the spindle apparatus disappears.

4 The cell elongates and a cleavage furrow forms to become ready

Cleavage furrow

for cytokinesis.
FIGURE 2.11 Telophase
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. *
~ -
-
Prophase Metaphase
T S - /
Anaphase Telophase fj

FIGURE 2.12 These micrographs show prophase, metaphase, anaphase and telophase in onion root tip cells.

Cytokinesis in eukaryotic cells
Plant cells

The cytoplasm of plant cells divides with the formation of a structure called a cell plate. Figure 2.13
shows how parts of the cell wall fuse with parts of the spindle, forming the cell plate. Cellulose is
deposited at this site, forming a wall that divides the parent cell into two daughter cells, each one with

a cell membrane.
@ .

Spindle equator Vesicles gathering Cell plate growing Two daughter cells

FIGURE 2.13 Cytokinesis in a plant cell involves the formation of a cell plate; cellulose is deposited on the cell plate to complete the cell
walls of the two new daughter cells.

Animal cells

Animal cells do not have a cell wall, and so cytokinesis in animal cells does not require the formation
of a cell plate. In animal cells, the cytoplasm divides by a process known as cleavage. The cell
membrane around the middle of the cell draws together to form a cleavage furrow. The cleavage
furrow continues to develop until the cell membrane eventually meets at a point, and the cell is then
cleaved, or split, resulting in two new daughter cells (Figure 2.14).
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Cleavage furrow

FIGURE 2.14 a Micrographs of an animal cell during cytokinesis, showing the cleavage furrow from a distance and b close up. c After
formation of a cleavage furrow, the cell divides to produce two new daughter cells.

Centrosome
containing Spindle made up Condensed
Nucleus  pair of centrioles of microtubules  chromosomes chromosomes
begin to condense
Mitosis and meiosis
animations
Watch this animation
that explains mitosis
and meiosis side by side.
Nucleolus Nuclear
envelope
Interphase Early prophase Transition to metaphase

e

9
©

%

Metaphase Anaphase Telophase Interphase

FIGURE 2.15 Mitosis is a continuous process.
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Question set 2.2b

REMEMBERING

1 Name the four phases of mitosis.
2 Draw and label a chromosome prior to the

S phase and after the S phase in the cell cycle.

3 What is one major difference between
cytokinesis in plant cells and animal cells?

UNDERSTANDING

4 Draw a labelled diagram to show your
understanding of the following terms:
a maternal and paternal homologous
chromosomes
diploid
¢ spindle microtubules (spindle fibres)
d centromere.

CHAPTER 2 | Processes for the continuity of life 37

5 Discuss whether homologous
chromosomes have the same number of
genes or identical genes.

6 Compare the diploid number of
chromosomes at the beginning of mitosis
in the parent cell with the diploid number
of chromosomes at the end of mitosis in
the daughter cells.

APPLYING

7 Construct a diagram showing the
four phases of mitosis and cytokinesis
using three pairs of homologous
chromosomes.

Marsupial chromosomics: bridging the gap between

genomes and chromosomes

The number and general appearance of a
set of chromosomes within the nucleus of a
typical human body cell was first published
in 1956. The process of pairing and ordering
the chromosomes of an organism is called
karyotyping. A karyotype provides a snapshot
of an organism's genome (all of the genetic
material contained in an organism or a

cell). One of the first organisms that had its
chromosomes ordered and paired was Thale
cress, a small flowering plant that has five
chromosomes.

Over time, parts of chromosomes can
change. Researchers at CSIRO and the
University of Canberra have spent time
investigating these changes in marsupial
genomes. The first marsupial genome was

sequenced only a decade ago, but since
then advances in biotechnology have made
the sequencing of many more marsupials

possible. Comparing chromosomes of Evolution of marsupial

) ) genomes
different marsupial genomes can help What do genomes have
scientists start to unravel mysteries relating to say about marsupial

history?

to speciation, adaptation and survival.

Questions

1 Name one of the first organisms to have
its chromosomes’ DNA sequenced.

2 Describe the relationship between a
karyotype and a genome.

3 State one reason why it may take longer
to sequence a marsupial’'s genome,
compared with that of a plant such as
Thale cress.

Photo/Bill Bachman

FIGURE 2.16 Genomic studies of marsupials, such as this tiny western pygmy possum, are being used to

find their evolutionary relationships.
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Binary fission

Cell reproduction is more complex in eukaryotes than in prokaryotes. As prokaryotes lack a nucleus
and have only a single chromosome with no centromere, they cannot be properly said to undergo
mitosis. They reproduce by binary fission. Binary fission can be defined as a process of asexual
reproduction whereby a prokaryotic cell divides into two identical daughter cells. The process
includes DNA replication, chromosome segregation and cytokinesis. As in mitosis, binary fission
produces daughter cells with the same number of chromosomes as the parental cell.

There is limited variation in prokaryotic populations other than that due to mutation. However,
binary fission is a process that happens relatively fast compared with other cell division processes,
which means the mutation rate is much higher.

Prokaryotic bacterial cells replicate their single DNA strand, signalling the beginning of binary
fission. Following replication, each DNA copy attaches to a different part of the cell membrane. When
the cell begins to lengthen during cell division, the replicate (copy) and original chromosomes are
separated. A wall forms across the cell and divides it into two cells of identical genetic composition.

A process similar to binary fission occurs in eukaryotic cells when mitochondria and chloroplasts
divide to form new organelles. They divide independently of the nuclear DNA but segregate evenly
into the two daughter cells during cytokinesis.

Binary fission can be summarised into six steps, but it is helpful to note that, like mitosis and
meiosis, binary fission is actually a continuous process, not one that stops and starts.

. @ .. o L 1. Prior to binary fission, the single chromosome is tightly coiled.

| % . 2. The genetic material in the chromosome and any plasmids replicates and separates.

( )
> B o o NN » .
.o A . +| 3.Theoriginal and replicate chromosomes attach to the cell membrane and are
. "‘ . pulled to separate poles as the cell elongates.
L Y p b J
Y
. "‘ 4N O'I‘ . 4. The new cell wall starts to grow. As this process commences, a cleavage furrow
: -“ 3 - develops in the cell membrane.
AR J

O - Y
) @ 1 5. The new cell wall fully develops.

1 i @ 3 6. The two cells separate (cytokinesis), forming two identical daughter cells.
e ) . )
R . The chromosomes become tightly coiled again.

-
(U

FIGURE 2.17 Prokaryotic cells reproduce by binary fission.

Question set 2.2¢
REMEMBERING UNDERSTANDING
1 Place the following terms in order for the 2 Explain what causes variation in
main processes of binary fission. prokaryotes and why this may occur at a
Cleavage furrow develops Cytokinesis higher rate than in eukaryotes.
Chromosome replicates Cell elongates 3 Draw a labelled diagram to show the
New cell wall is completed sequence of events of binary fission. You

may like to create a binary fission poster.
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Meiosis in eukaryotic cells

Meiosis occurs in specialised organs in sexually reproducing animals and plants. It results in the
production of gametes, also known as sex cells. In animals, male and female gametes are called
sperm and eggs (ova). In many plants, male and female gametes are found within pollen and ovules.
In some plants, spores are produced that grow into haploid plants (gametophytes).

Meiosis is a unique type of cell division in that the daughter cells produced have only half the
number of chromosomes of the parent cell. This prevents the doubling up of the diploid number of
chromosomes at fertilisation. In meiosis, two divisions of the nucleus of the parent cell take place.

In the first division, the chromosomes of each pair separate and go to either end of the cell. In

the second division, the chromatids of each chromosome separate from each other. Four haploid
gametes are thus produced, each carrying half the original number of chromosomes. As the number
of chromosomes is reduced by half, meiosis is called a reduction division.

The reason why there are pairs of chromosomes in somatic cells, two of each chromosome
type, is because one is from the father and one is from the mother. The pair are often referred to as
paternal and maternal homologous chromosomes. As mentioned previously, scientists use the letter n
to represent the number of chromosomes in one gamete; it is also the number of chromosome pairs
in an organism. During meiosis, the chromosomes of each homologous pair separate to each gamete
at random, contributing to the variation in offspring.

The phases of meiosis represent the continuous process by which a diploid parent cell gives rise
to four haploid, non-identical daughter cells. Prior to meiosis, duplication of DNA occurs. The amount
of genetic material doubles, without changing the number of chromosomes. This results in each
chromosome taking the form of two identical sister chromatids joined to each other by a centromere.
In meiosis, in order to produce four cells, each with half the original number of chromosomes, a
second division occurs.

During meiosis |, the homologous chromosomes pair up and physically connect (each pair is now
called a bivalent) in a process called synapsis. During the first step of meiosis, prophase |, there is
an exchange of genetic material between maternal and paternal homologous chromosomes (i.e.
between non-sister chromatids of the homologous chromosomes). This process is called crossing
over. Crossing over allows DNA from the person’s maternal chromosome to swap with DNA from the
paternal chromosome. At the end of meiosis, the chromosomes in the gametes are a recombination

Cells alive

. . . Watch the meiosis
of maternal and paternal genes. In eukaryotic cells, crossing over, independent assortment and animation and

39

random fertilisation contribute to variation in a population. The independent assortment occurs due determine whether the

to random orientation of the maternal and paternal homologous chromosomes during metaphase |,

phases match those

. . . . ) T found in Table 2.3
which results in their random assortment into the gametes at the conclusion of meiosis. (page 40).
Key concept Chromatids with
Homologous non-sister chromatid
The crossing over and random assortment chromosomes Bivalent DNA

of chromosomes during meiosis contribute /\

L
to variations in offspring. x

Non-sister Sister Chiasma
chromatids  chromatids

A K

FIGURE 2.18 Crossing over
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TABLE 2.3 Phases of meiosis

PHASE

Prophase |

1 Chromatin threads condense to form chromosomes and become visible under the
microscope.

2 Maternal and paternal homologous chromosomes are attracted to each other and
pair up (synapsis); crossing over occurs.

3 Each chromosome consists of two sister chromatids held together by a centromere.

4 The nuclear membrane disintegrates and the nucleolus disappears.

5 The meiotic spindle begins to form and attaches to chromosomes at the
centromeres.

6 The centrosomes move to opposite poles of the cell.

Metaphase |

1 The maternal and paternal homologous chromosomes line up along the metaphase
plate (cell's equator) in pairs.

2 The lining up of the homologous chromosomes in metaphase | is called indepen-
dent assortment because each pair is lined up on one side or the other, independent
of every other pair. This results in a random assortment (random combination) of
chromosomes in the four daughter cells.

3 The spindle fibres are attached to centromeres.

Anaphase |

1 The spindle fibres shorten, pulling on the centromere of each chromosome.

2 One member of each pair of homologous chromosomes moves<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>