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PREFACE

Biology in Focus 2nd edition (Year 12) has been written to

the specifications of the NSW Syllabus for the Australian
Curriculum, Stage 6 Biology. The authors are academic and
classroom teaching experts, chosen for their comprehensive
knowledge of the biology discipline and best teaching
practice in biology education at secondary and tertiary levels.
They have written the text to make it accessible, readable

and appealing to students, covering contexts that ensure
students gain a wide perspective on the breadth and depth of
current biology. The rigorous and methodological approach
enables students to reach the highest possible standard. The
level of depth and interest are aimed at giving students the
necessary understanding to pursue tertiary studies in biology,
health sciences, medicine, conservation science, genetics,

biotechnology, bioinformatics and other STEM-related courses.

Each chapter of Biology in Focus follows a consistent
pattern. Learning outcomes from the syllabus appear on
the opening page. The text is then broken into manageable
sections under headings and sub-headings. All chapters
have been structured around the syllabus-identified inquiry
questions, and focus within the chapter is on students asking
and refining their own questions for investigation. Relevant
diagrams that are easy to interpret and illustrate important
concepts support the text. New terms are bolded and defined
in a glossary at the end of the book. Important concepts
are summarised to assist students in their note-making.
Question sets are found at the end of each section within
the chapter, and a comprehensive set of review questions
at the end of each chapter expands on the questions sets
for further revision and practice. Questions have been set to
accommodate the abilities of all students. Complete worked
answers appear on the teacher website.

Worked examples, written to connect important ideas and
solution strategies, are included throughout the text. Solutions
are written in full, including step-by-step instructions on how
to perform mathematical calculations. The logic behind each

X 9780170485067

step is explained and mathematical relationships are shown
in their biological context. In order to consolidate learning,
students are challenged to try similar questions on their own.
Answers to these questions appear on the student website.

The broad range of investigations demonstrates the
high level of importance the authors attach to exploring
and discovering the living world through practical activities
and research. Investigations are presented in a manner
that provides opportunities for students to develop skills in
designing experiments as well as in planning and conducting
valid and reliable procedures, taking into account safety
and conducting risk assessments. The hands-on activities
introduce, reinforce and provide opportunities for students
to practise first-hand the Working scientifically investigation
skills of the NSW syllabus. Opportunities for students include
experimental design, data collection, analysis and drawing
conclusions. There are more than enough investigations to
meet the 35 hour minimum requirement of the syllabus.
Chapter 1 explores the concepts of reliability, validity and
the nature of scientific investigation using the scientific
method, and provides valuable information for performing
and analysing investigations and carrying out depth studies.
Detailed information is provided that is designed to enhance
students’ experiences and to provide them with information
that will maximise their marks in this fundamental area, as is
reinforced throughout the course.

Students are encouraged to evaluate experimental design
and consider ideas for improvement, taking into account
accuracy, precision, uncertainty and error — concepts that
are introduced in Chapter 1. This invaluable tool supports
student learning as they work through chapter questions and
investigations.

Biology in Focus 2nd edition (Year 12) provides students
with a comprehensive study of modern biology that will fully
prepare them for exams and any future studies in the area.

Glenda Chidrawi (lead author)
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USING BIOLOGY IN FOCUS

Biology in Focus Year 12 has been crafted to enable you, the student, to achieve maximum understanding and success in this
subject. The text has been authored and reviewed by experienced Biology educators, academics and researchers to ensure
up-to-date scientific accuracy for users. Each page has been carefully considered to provide you with all the information you

need without appearing cluttered or overwhelming. You will find it easy to navigate through each chapter and see connections

between chapters through the use of margin notes. Practical investigations have been integrated within the text so you can see

the importance of the interconnectedness between the conceptual and practical aspects of Biology.

» MODULE FIVE

HEREDITY

exual and asexual reproduction
Cell replication
DNA and polypeptide synthesis

Genetic val on

~
-
-

Inheritance patterns in a popu\aw
S

The content is organised under four modules, as set
out in the NESA Stage 6 Biology syllabus. Each module
begins with a module opening page.

To improve comprehension, literacy and understanding,
a number of strategies have been applied to the preparation
of our text. One of these is the use of shorter sentences
and paragraphs. This is coupled with clear and concise
explanations and real-world examples. New terms are bolded
as they are introduced and are consolidated in an end-of-
book glossary.

Throughout the text, important ideas, concepts and
theories are summarised in key concept boxes. This provides

repetition and summary for improved assimilation of new ideas.

e The genetic consequences of mejosis:
- One cell undergoes two meiotic divisions to generate four haploid cells.
- The genes in each haploid cell are a new combination of the parental genes.

KEY CONCEPTS

- The new combination results from both crossing over and random segregation, allowing the
individual alleles of maternally and paternally derived chromosomes to assort independently.

e The genetic consequences of fertilisation:

xii

@ Sexual and asexual reproduction

How does reprodiuction
ensure the ontinuity of
aspecies?

Each chapter begins with a chapter opening page.
This presents the learning outcomes from the NESA
Stage 6 Biology syllabus that will be covered in the
chapter and also gives you the opportunity to monitor
your own progress and learning.

Learning across the curriculum content has been
identified by NESA as important learning for all students.
This content provides you with the opportunity to develop
general capabilities beyond the Biology course, and links into
areas that are important to Australia
and beyond. This content has been Literacy
identified by a margin icon.

Step-by-step instructions on how to
carry out particular procedures, such as drawing an annotated
diagram or a Punnet square, and the logic behind each step,
are provided in worked examples. Answers to the problems
at the end of the worked example are provided in the back of
the book and on the teacher website.

9780170485067




'WORKED EXAMPLE @

ANNOTATED DIAGRAM AND DESCRIPTION OF AN ORGAN OF PERENNATION
Annotate a diagram of a perennating organ and explain the advantage of the organ of perennation to
the survival of the species.

ANSWER Logic
Leaves = Draworinsert a diagram.
® Label all parts of the organ of perennation.

= Annotate the part that stores food.

= Annotate the part that contains buds.

Plant: Allum cepa

* Name the plant and the organ of
FIGURE 2.24 Stem bulb: onion (organ of perennation) perennation.

Biology is a science and you need to be given the
opportunity to explore and discover the living world through
practical investigations. Investigations introduce and
reinforce the Working scientifically skills listed in the NESA
Stage 6 Biology syllabus. In some cases, the investigations
are open ended. These provide you the opportunity to
design and carry out your own scientific investigation, either
individually orin a group. At times you are prompted to
consider ideas for improvement or further investigation to
illustrate that science is an ongoing and improving process. At
other times, investigations are secondary sourced, meaning
that you need to research the subject using data and
information gained by other people. Further information on
how to conduct a scientific investigation can be found in the
Working scientifically and depth study chapter on page 1.

, Secondary-source and practical i to model

Gl fertilisation and mutations

During meiosis, genetic variation arises as a result of the behaviour of chromosomes during:
synapsis and crossing over

independent assortment and random tion.

In your investigation, you need to mod
and mutation

variation is introduced in the process of meiosis, fertilisation

pendent assortment and random segregation) and predict

ons in the genotype of offspring (Part 8)
c g offspring if a mutation was to arise during meiosis and/or
uent fertilisation (Part C)

To research how meiosis ma
material. This m
such as the

PART A: CHROMOSOME BEHAVIOUR DURING MEIOSIS LEADS TO GENETIC VARIATION
AIM]

To model meiosis, including crossing over, segregation, independent assortment of chromosomes and the
production of haploid gametes

e modelled and gai
ion in this textb

for creative approac|
as online we

refer to secondary source
video clips and anir

Pipe cleaners (or playdough/plasticine/strips of paper) in two different colours, to represent chromosomes -
one colour represents paternal and the other m chromosomes. Make each homologous pair of

fi ngth - long, me nd short. To keep your model simple, demonstrate meiosis
e pairs of chromosomes

METHOD

In your model of meiosis, use a cell with:

made out of pipe cleaners, strips of paper or strings of beads
nal chromosomes

maternal and p:

tsized chromosomes to distinguish between the three homologous pairs (for example: long,
dium and short).

Move the chromosomes through each stage of meiosis on templates of cells drawn on A3 paper, or use the

Modelling meiosis template worksheet. Select a method of recording your results from ideas suggested in

the results section.

ation is introduced by the process of meiosis, showing the processes described below.

over ~ linked genes are exchanged between paternal and matemal chromosomes, increasing the
combinations of genotypes

156 MODULE FIVE » HEREDITY

The risk assessment table occurs within the investigation.
The table highlights the risks of the investigation and provides
suggestions on how to minimise these risks —
they are not to be considered !
comprehensive. Teachers are expected to ASSERslgf/lENT
amend this table in the case of substitutions
orin the case of any additional risks. This
may mean obtaining relevant Safety Data
Sheets (SDS) for certain chemicals. All teachers are required
to follow the safety guidelines of their specific school and
associated government legislation when students are in
their care.

Full understanding of a concept is often constructed from
many pieces of information. Due to the sequential nature of a
book, this information cannot always be presented together
because it is best placed in

other chapters. Links between You will learn more

about fluid transport

concepts that occur on other
P in Chapter 6.

pages or in other chapters are
indicated using the margin
notes.

Regular opportunities to recall new terms and review
recent concepts are provided as short check your
understanding question sets throughout each chapter.

CHECK YOUR
UNDERSTANDING

Describe the pollination two named Australian plants,

1 List the male reproductive parts of a flower and describe the function of each part
2 Draw andlabel the female reproductive parts of a flower and describe the function of each part
Z'WC/ 3 Distinguish between pol rilisation in plant reproduction,
= 4
5

Identify two ways in which the reproductive structures differ between wind-pollinated and insect-
pollinated plants.

6 Name the structure that each of the following develops into after fertilisation: ovum, seed, ovary wall
7 Identify two methods of seed dispersal in named Australian plants

The chapter review section, which appears at the end of
each chapter, provides:
= 3visual chapter summary that shows how the important
concepts are linked. This will be a valuable tool when you

are revising for tests and exams

9780170485067 USING BIOLOGY IN FOCUS Xiii



= end-of-chapter review questions that review
understanding and provide opportunities for application
and analysis of concepts and how they interrelate.

(@ CHAPTER REVIEW QUESTIONS

Each module concludes with a module review. This
contains short-answer questions that provide you with the
opportunity to assimilate content across the chapters that fall
within that module.

s Nelson MindTap

The depth study provides you with the opportunity to
pursue a topic of interest from within the course. It enables
you to study a topic in more depth and present your findings
in a format of your choice. Advice and support to assist you
in undertaking your depth study can be found in Chapter 1,
as well as suggestions for topics provided at the end of each
module review. Refer to the NESA Stage 6 Biology syllabus
for the full details on the scope and completion of your
depth study.

DEPTH STUDY

f flowering plants, with an emphasis on
SUGGESTIONS

at ensure continuity of the speces.

olution and may allow some algae to
mperature. Evaluate the possibility that this
gevent

> Investigate gametogenesis and compare and model differences in meiosis during the production
of egg cells and sperm cells in mammals.

> Lookinto th
against sexu

n hypothesis and find out whether it promotes natural selection for or

A flexible and easy-to-use online learning space that provides
students with engaging, tailored learning experiences.

® Includes an eText with integrated interactives and online assessment.
® Margin links in the student book signpost multimedia student resources found on MindTap.

For students:

Nelson MindTap provides you with material that
will help you understand, explore, engage and
organise your knowledge. On MindTap, you fill find
chapter resources such as:

Exam preparation at the end of every chapter
Interactive ebook

Interactive learning activities

Worksheets

Weblinks to online videos and further
information

XiV USING BIOLOGY IN FOCUS

For teachers*:

Nelason MindTap allows you to teach in a way
that caters to the needs of your students. Monitor
student progress and customize your course in

a way that makes sense for your classroom. in
addition to the resources found on students'
MindTap, you will also find teacher support
materials such as:

® Teaching plans
® |Lab tech notes
® Practice exams

Complimentary access to these resources is only available to
teachers who use this book as part of a class set, book hire
or booklist. Contact your Cengage Education Consultant for
information about access and conditions

9780170485067




SYLLABUS MAPPING

Working scientifically mapping

Content statements from the NESA Stage 6 Biology syllabus are shown in full on the chapter opening pages of the chapters

where they are dealt with. A full mapping of chapters and content statements can be found on the NelsonNet Teacher website.

Below is a mapping of the outcome statements for Working scientifically across all the chapters of Biology in Focus Year 12.

9780170485067

OUTCOME STATEMENTS
A STUDENT:

BIO11/12-1 develops and
evaluates questions and
hypotheses for scientific
investigation

BIO11/12-2 designs and
evaluates investigations
in order to obtain primary
and secondary data and
information

BIO11/12-3 conducts
investigations to collect
valid and reliable primary
and secondary data and
information

BIO11/12-4 selects and
processes appropriate
qualitative and quantitative
data and information using a
range of appropriate media

BIO11/12-5 analyses
and evaluates primary
and secondary data and
information

BIO11/12-6 solves scientific
problems using primary
and secondary data, critical
thinking skills and scientific
processes

BIO11/12-7 communicates
scientific understanding
using suitable language and
terminology for a specific
audience or purpose

CHAPTER
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Working scientifically

and depth studies

A student:

= Questioning and predicting
BIO11/12-1 develops and evaluates questions and hypotheses for scientific investigation

= Planning investigations
BIO11/12-2 designs and evaluates investigations in order to obtain primary and secondary data and information

= Conducting investigations
BIO11/12-3 conducts investigations to collect valid and reliable primary and secondary data and information

= Processing data and information
BIO11/12-4 selects and processes appropriate qualitative and quantitative data and information using a
range of appropriate media
= Analysing data and information
BIO11/12-5 analyses and evaluates primary and secondary data and information
= Problem solving
BIO11/12-6 solves scientific problems using primary and secondary data, critical thinking skills and scientific
processes
= Communicating
BIO11/12-7 communicates scientific understanding using suitable language and terminology for a specific
audience or purpose
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Science is the systematic study, by observation and experiment, of the natural and physical world (Fig. 1.1).
Science is characterised by a way of thinking and working, and, most fundamentally, by questioning.
The knowledge and understanding that arise from this questioning are not in themselves science. They
are the products of science, as is the technology that arises from this knowledge and understanding,
Science is empirical, which means that when scientists ask questions, they seek to answer them by using
evidence, in particular observational and experimental evidence.

Biology as a field of study was named in the 19th century and arose from
the studies of medicine and natural history, both of which date back to ancient
times. The term ‘biology’ comes from the Greek words bios (life) and logos
(word or discourse). Biology asks questions about all living things, including
plants, animals and micro-organisms. It asks questions about their structure
and functioning, how and why they have changed over time and continue to
change, about their interactions with each other and the environment, and

: b about biodiversity and the continuity of life — looking at heredity and variation.
‘_ & . . These fields of interest in biology are grouped into subdivisions such as botany,
zoology, microbiology, evolutionary biology, ecology and genetics. Given that
all living things are interdependent, biology is a fascinating science!

iStock.com / Bf@l

> 08 lﬂl-.,luuu-

FIGURE 1.1 Investigating in biology

The nature of biology

Questions lead to investigations and these in turn lead to scientific theories that are testable and
falsifiable. This applies to all sciences, including biology. For a theory to be considered scientific, it must
be possible to test it and, most importantly, to test whether it is not true. This is what falsifiable means:
‘able to be disproved’. This sets science apart from many other disciplines in which there are theories that
cannot be tested or disproved. Such theories are not scientific.
>, This is why scientists never talk about proving a theory, but rather about providing evidence to
L support a theory. When a large enough amount of evidence has been gathered that supports a theory,
Workeheat then that theory is accepted by the scientific community. Examples of theories in biology that have so
Laboratory rules much evidence supporting them that they are generally accepted are the Cell Theory and the Theory
of Evolution by Natural Selection.

However, no matter how much evidence you gather supporting a theory, it takes only one experiment
that disagrees to disprove a theory. As Einstein said: No amount of experimentation can ever prove me
right; a single experiment can prove me wrong’.

There are many examples of theories and hypotheses in biology that were proposed and later
rejected or changed when new evidence came to light. For example, the theory of spontaneous
generation is now obsolete, and a theory proposed as the one-gene-one-enzyme theory was later
changed when it was realised that a single gene may code for a number of different polypeptides.
There are also examples of theories that were based on hoaxes, such as that of Piltdown man. Some
hypotheses have been rejected because the scientific method used could not be repeated and was
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later shown to be invalid (for example, the hypothesis that proposed that autism could be caused by
a certain vaccination).

e Scientific theories are falsifiable; they can be disproved, but they cannot be proved. For a theory
to be accepted it must be supported by a great deal of evidence.

e A good hypothesis is falsifiable and it takes only one instance of results that disagree with the
hypothesis to disprove it.

e No amount of success in testing a hypothesis can prove it is right. Each confirming instance
only increases one’s confidence in one’s idea.

KEY CONCEPTS

The scientific method is the process of systematically gathering information and data by observation Critical and
and measurement, and using the information and data to formulate and test hypotheses. It is creative thinking
from such investigations that the body of scientific knowledge that we accept today has been
accumulated.

The scientific method is summarised in Figure 1.2.

FIGURE 1.2 The
scientific method

Scientific method

\

Think of a question

Formulate a hypothesis
informed by existing literature

Develop predictions

Peer Design an experiment
review to test predictions

Change
hypothesis
Perform experiment
numerous times
Communicate
results

Analyse data

Results support Results do not
hypothesis support hypothesis

Hypotheses

The scientific method begins with asking questions (sometimes called research questions). Based on
these questions, you formulate a hypothesis, which is a tentative answer to your question. This usually
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How to formulate involves reading the literature to see ifanyone has already answered your question or investigated a similar

a hypothesis is question. For example, we might hypothesise that if we use a particular fertiliser on a certain species of

S'SCQSSEd nmore seedling, then the seedlings will grow taller. We could test this hypothesis by performing experiments

etail on pages

1-12. where we measure the height of a particular species of seedling subjected to different fertilisers.

In scientific investigations, progress is often not a straight line, from one point to the next, but a series

of progressions that sometimes veer off the original path. Often, the result of your initial experiments

will make you reassess the direction you intend taking, and may lead you to change your hypothesis and

refine your experimental design (Fig. 1.2).

Experiment design and validity of results

An experiment is designed and performed to test a prediction, and the results are then analysed. If the
results of the experiment agree with the prediction, then the hypothesis is supported. Note that it is not
proved, only supported. There may be other explanations that would also be supported by the results. If
the results do not agree with the prediction, then the hypothesis is not supported and the scientist needs
to come up with another explanation.

Validity,reliabilty Experiments are considered valid when scientists test the hypothesis that they intended to test and

and accuracy are get consistent and accurate results when repeated. A valid experiment involves setting up controls and
discussed in more

detail on page 16 making sure that the only thing that changes in the experiment is the variable being tested. All other

conditions must be controlled to remain the same. Experiments are considered reliable when they can
be repeated to give the same results and random error is eliminated or minimised. An experiment is
considered accurate when its measurements are close to the true value - for this to be achieved, the
risk of error in measurement must be kept to a minimum. For an experiment to be valid, it must be both
reliable and accurate. This will be dealt with in more detail in a later section (page 16).

Communication and peer review

Reproducibility and peer review are important aspects of science. If an experiment cannot be repeated
to give the same results, then there is a good chance that a mistake was made and the experiment is not
valid. For example, if experiments cannot be repeated to give the same results because of uncertainties
in the original measurements, the result is that the hypothesis is clearly disproved.

Scientists communicate their work to each other to share new ideas and information and as a way
of contributing to the ongoing development of science. They usually communicate new findings to each
other in seminars and conferences, as well as writing articles for scientific journals. When you conduct
an experiment and write a report on it, the report is very much like a scientific paper.

Before a scientific paper is published, it is reviewed by other scientists — experts in the particular
area — who evaluate it. They try to determine whether:

» the experiments conducted were appropriate
» the conclusions drawn were valid
» the hypothesis is clearly supported or not.

If the paper is considered to make a useful contribution to science, and the experiments and analysis

>% are valid, then it will be published. Other scientists can then read the paper and use it to inform their own
b work. Scientists also communicate their work in other ways to the public and to students.
Weblink Descriptions of the scientific method are somewhat idealised. In practice, the scientific method may be
Science and a bit messy and not follow the steps in order. Sometimes scientists have only questions but no hypothesis
pseudoscience
Read this article to answer them. In these cases, experiments are done or observations are made to try to form a hypothesis
abou e scientitTic
method and come that can then be tested. Sometimes, in trying to answer one question, a new and more interesting question
:fpf;:atiyoonu;? m; arises, so a scientist will change the experiments to work on the new question instead. However, once a

difference between
science and

pseudoscience. method will be used to formulate and test hypotheses that arise to explain it.

scientific discovery is made, and even when a new and exciting discovery is made by accident, the scientific
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e A hypothesis is a predictive statement about the relationship between the variables in an
investigation and is an ‘expected’ answer to a question.

e The scientific method consists of questioning and formulating hypotheses, making
measurements to test the hypotheses, analysing the results, and communicating them for peer
review. It is the process by which science proceeds.

KEY CONCEPTS

Disciplines within science can be characterised by the sorts of questions that they ask. Biology asks
questions about the organisation and grouping of living organisms, how living things change over time,
why some species survive and others do not, and how living things interact with their environments
and with each other.

Biologists find that these questions may be answered by looking at the morphology and functioning
of living organisms, how they reproduce and are adapted for survival, their origin, distribution and
interactions, as well as inheritance patterns and increases in diversity. Biological studies ask questions
at various levels — macroscopic, microscopic and molecular. Developments in technology and advances
in knowledge and understanding in biology progress hand in hand, with each one assisting the other.

The more we find out in biology, the more questions are generated. There are many questions we
have not answered yet. As current and future biologists investigate and answer these questions, yet more
questions will arise that no one has thought of yet. Will all the possible questions about living organisms
ever be answered?

Over the years, scientists have asked questions and sought and, at times, found answers to those questions.
From their answers we have constructed models of how living things may be related and how and why
they change over time. These models are always changing, as we get more evidence and better answers
to existing questions, or as we seek answers to new questions. Models are representations of biological
reality - they are not the reality itself any more than a model aeroplane is a real aeroplane. Models can
be physical models, some are mathematical models made up of equations and data, and yet others
are conceptual models consisting of principles, laws and theories. Biologists use all sorts of models as
they ask and seek to answer questions. At times they combine models and switch between models.
Models in biology have two important purposes - to explain how things work, and to predict what
will happen. A model that does not accurately predict the results of an experiment will generally be
revised or replaced. Two models may give similar results in some situations but different results
in others. Model selection is important to get valid and reliable results. For example, the model of
Mendelian (autosomal recessive) inheritance and the model of non-Mendelian inheritance can both
be used to describe and analyse the pattern of inheritance of genetic traits. Overall, the two models
give similar results, with exceptional circumstances taken into account in non-Mendelian genetics.

For example, in the Mendelian genetics model, all genes are assumed to be inherited independently See Cr(‘jaFt’t_elr 5 for

maore detalls on
of each other and are either dominant or recessive. However, it has been found that some genes occur these models of
on the same chromosome or are located on sex chromosomes, and breeding experiments that involve inheritance.

these genes do not give the expected ratios typical of the Mendelian model. In studies of other genes, no
clear dominance is seen — both genes are expressed if present, or a blend of genes is expressed. In these
cases, non-Mendelian models such as sex-linkage, co-dominance or incomplete dominance are used to
analyse patterns of inheritance, taking the additional complexities into account. This doesn't mean that
either model is always Tight or ‘true’, just that Mendelian inheritance is the basic model, but the other
inheritance models may need to be applied to take into account further complexities in inheritance
patterns. Choosing the right model for a situation is an important skill in solving problems in biology.
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KEY

CONCEPTS

e Biology uses models such as physical, mathematical and conceptual models to describe
biological systems and to make and test predictions. Models are constantly being refined
as we learn more.

As you progress through your Biology course, you will learn a lot of useful skills, and practise working
scientifically by performing investigations and depth studies. You will also gain some knowledge and
develop a deeper understanding of biology.

The knowledge that has arisen from answering questions asked by biologists can be broadly
categorised into five major concepts: form and function; similarity and diversity; stability and change;
systems and interactions; and patterns, order and organisation. Figure 1.3 shows how the five concepts
in the Year 12 Biology course fit into unifying themes.

As you learn more of the content knowledge of biology, you need to create your own mental models
to help you understand it. Concept maps are a useful way of representing your mental models. They help
to remind you that biology is not simply a collection of facts. Every idea in biology is connected to other
ideas. For each module in biology, you should create a concept map both to record the content that you
learn and to make connections between different content areas and modules.

FIGURE 1.3 Unifying
concepts in biology

Form and function

Heredity and
reproduction

O Genetic

S
S Biology cbha(rnge ahd
S Unifying iodiversity
C,)”\/bfe ; concepts

Disease and
disorders

Solving scientific problems:
depth studies

Depth studies are your opportunity to work scientifically and solve scientific problems. When performing
a depth study, you will pose questions, develop hypotheses to answer your questions, and then seek
evidence to support or disprove your hypotheses. The evidence may come from the existing scientific
literature or from your own experiments. You will need to analyse data to determine whether your
hypotheses are supported. Analysing data usually requires you to represent it in some way, often
mathematically or graphically. Finally, as scientists do, you need to communicate your findings to others.
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There are many ways that you can do this, and you need to choose the method most appropriate to the
audience you wish to communicate with.

There are two broad types of depth study:

1 first-hand or practical investigations, where you design and perform experiments to gather primary
data, or to test a claim or device

2 investigations based on secondary sources, where you research and review information and data
collected by other people.

First-hand investigations to gather primary data may be:

» work undertaken in a laboratory
» field work, where observations are undertaken at home, school or elsewhere (for example, on
excursions or by engaging with community experts)
» the creation and testing of a model or device.
Secondary-source depth studies may include: How to write a

literature review
is discussed in

» investigating emerging technologies and their applications in biology more detail on
pages 9-10.

» undertaking a literature review

» analysing a science fiction movie or novel
» developing an evidence-based argument or a historical or theoretical account.

Depth studies may be presented in different forms, some of which include:

» written texts (experiment reports, field work reports, media reports, journal articles, essays and
management plans)

» visual presentations (diagrams, flow charts, keys, posters and portfolios)

» multimedia presentations

» physical models

» acombination of the above.

All depth studies will involve the analysis of data, either from primary data that you collect yourself
or secondary data that you collect from analysing other people’s research such as longitudinal data
or resource management data. Looking for patterns and trends in data will involve analysing and
constructing graphs, tables, flow charts, diagrams, keys, spreadsheets and/or databases. This will be
dealt with in more detail in the section Designing your investigation (see page 15). You may also wish to
refer to the NSW Stage 6 Biology syllabus document for more information.

Depth studies encourage us to identify areas of interest and enable us to deepen our understanding in
a chosen area, taking responsibility for our own learning. Although a field of study may be identified by
the teacher, students may pursue their own area of interest within this field, be it technology, current
research, biologists working in the field, or other areas.

Depth studies provide students with time and an opportunity to:
How to plan a

» use the research methods that scientists use depth study is
»  analyse works for scientific relevance and validity S';gf;id "
» broaden their range of reading in a field of interest pages 12-15.

» extend their depth of thinking and understanding

» ask questions and investigate areas that do not have definite answers

» investigate contentious issues and use critical thinking skills to consider the validity of views
expressed in a variety of sources
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» use inquiry-based learning and develop their creative thinking in an area of their own choosing, at
their own level.

The summary below outlines the four main stages of conducting a depth study, and the Working
scientifically skills (see the NESA Stage 6 Biology syllabus) that you will need to develop and apply at
each stage.
1 Initiating and planning involves:
Questioning and predicting
(BIO-1): develops and evaluates questions and hypotheses for scientific investigation
Planning investigations
(BIO-2): designs and evaluates investigations in order to obtain primary and secondary data and
information
2 Implementation and recording involves:
Conducting investigations

(BIO-3): conducts investigations to collect valid and reliable primary and secondary data and
information

Processing data and information
(BIO-4): selects and processes appropriate qualitative and quantitative data and information using a
range of appropriate media
3 Analysing and interpreting involves:
Analysing data and information
(BIO-5): analyses and evaluates primary and secondary data and information
Problem solving
(BIO-6): solves scientific problems using primary and secondary data, critical thinking skills and
scientific processes
4 Communicating involves:

(BIO-7): communicates scientific understanding using suitable language and terminology for a
specific audience or purpose

Biology Stage 6 Syllabus © NSW Education Standards Authority for and on behalf of the Crown in right of the State of New South Wales, 2017

Working Scientifically
Skills Outcome:
BIO11/12-1

The first step to beginning any investigation or depth study is deciding on a
question. A good research question is one that can be answered by conducting

o

an experiment, making observations or conducting a secondary-source
investigation.

Obviously, itis a good idea to investigate something that you find interesting.
Ifyou are working in a group, try to find something that is interesting to everyone
in the group.
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A good way to start is by ‘brainstorming’ for ideas (Fig. 1.4). This applies
whether you are working on your own or in a group. Write down as many ideas
as you can think of. Avoid being critical at this stage. Get everyone in the group
to contribute, and accept all contributions uncritically. Write every idea down.
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FIGURE 1.4 Brainstorm as many ideas as you can
in your group.



After you have run out of ideas, it is time to start being critical. Decide which questions or ideas are

Personal and
the most interesting. Think about which of these it is actually possible to investigate given the time and social capability
resources available. Remember that the most important resources you have are the skills of the people in

Critical and

the group. Make a shortlist of questions, but keep the long list too, for the moment. Once you have your
shortlist, it is time to start refining your ideas.

creative thinking

A good research question should define the investigation, set boundaries and provide some direction ot

to the investigation. The difference between developing a research question and formulating a hypothesis "<
can be summed up as known versus unknown. You need to do some research of known results in
Weblink

your area of interest (research questions) before deciding what you think the expected outcome of an

Six methods of
data collection
and analysis

experiment may be (hypothesis).

Your depth study will be from one of the areas described in Figure 1.3, which is based on the NSW Stage

6 Biology syllabus document. These areas are described in the remaining chapters. However, you will e

need to go beyond the basic syllabus content because the purpose of a depth study is to extend your Information and

knowledge while building your skills at working scientifically. o Q}jg‘;j on
The next step is therefore to find out what is already known about the ideas on your list. You need to capability

do a literature review. If your depth study is a secondary-source investigation, then the literature review

may be the investigation itself. A formal written literature review includes the information you have Critical and

found and complete references to the sources of information. It also includes interpretation and critique creative thinking

of what you have read. This is particularly important for a secondary investigation.

Why are literature reviews important?
Literature reviews are important because they help you to:

» increase your breadth of knowledge and identify what is and is not known about an area of research

» learn from others and think of new ideas that may be relevant to a research project

» identify gaps in current knowledge that you may wish to research or recommend be researched by
scientists in the future

»  identify methods that could be relevant to your project (avoid reinventing the wheel and/or making
the same mistakes as others)

» identify the variety of views (sometimes opposing views) in an area of research and consider how
these fit in with your own views.

Your literature review

A literature review is a search and evaluation of available literature in a particular subject area. It has a
particular focus and is always defined by your research question or hypothesis.

The process of conducting a literature review involves researching, analysing and evaluating the
literature. It is not merely a descriptive list of the information gathered on a topic, or a summary of one
piece of literature after another. It outlines any opposing points of view in the research and also expresses
the writer’s perspective of the strengths and weaknesses of the research being reviewed. A literature
review brings together results of different studies, pointing out areas where researchers or studies agree,
where they disagree, and where significant questions remain. By identifying gaps in research, literature
reviews often indicate the direction for future research.

When planning an investigation, you will find that using a literature review will give you an idea of
past findings, procedures, techniques and research designs that have already been used. This will help
you to decide which methods are worth copying, which need modifying and which to avoid (those that
have been inconclusive or invalid). You may plan your investigation to target a gap in research or try to
replicate an investigation to test and validate claims and ideas.
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The length of your literature review will depend on its purpose. If it is a depth study in itself, it will

need to be more detailed and draw conclusions about the research. If it is used as an introduction to
inform your research, it will be shorter and more focused. Discuss this with your teacher.

Reasons to write a literature review

To extract information from sources

To consider the validity of views expressed in each source

To consider how existing views fit in with a research project, to place it in context and demonstrate
how the research is linked to a body of scientific knowledge

As an end in itself (for example, as a secondary-source research assignment to use the findings to
support a concluding judgement)

As a starting point to begin planning a primary investigation, identifying both what is known and
where there are current gaps in research

Characteristics of a good literature review

Helps the reader know what knowledge and ideas have been established on a topic and the areas of
strength and weakness in the research

Organises the information gathered into sections that present themes

Does not attempt to list all published material, but rather brings together and evaluates the literature
according to a question, hypothesis or guiding concept

How to write a literature review

1

Getting started: define the topic or research questions (key concepts) and formulate a literature
review question (you may have to do some wide reading before finalising this step). Write a list of key
words.

Find articles: use library catalogues, databases and the Internet. Refine your search technique, using
specific words that narrow your search to the focus question. Interpret and evaluate your search
results. Record search words that are successful and, if necessary, modify your search strategy.

Structure and write your literature review:

i Introduction: define the topic, establish your reasons for reviewing the literature, state the specific
focus of the review and explain the organisation or sequence of your review.

ii Body: group the literature according to common themes, provide an explanation of the
relationship between the research question and the literature reviewed, and proceed from the
general, wider view of the research to the specific area you are targeting.

Include information about the usefulness, recency and major authors or sources of the
literature.

iii Conclusion: summarise important contributions of the literature, point out important flaws
or gaps in research if appropriate, and explain the link between your focus question and the
literature reviewed (if the literature review is your depth study) or why you have chosen your area
of investigation (if the literature review was conducted to refine your investigation).

Evaluating sources

Always be critical of what you read. Be wary of pseudoscience, and any material that has not been peer
reviewed. Apply the CRAAP (currency, relevance, authority, accuracy, purpose) test to websites that you
find. The most reliable sites are from educational institutions, particularly universities, and government



and scientific organisations such as the CSIRO and WHO, and professional
journals such as the Medical Journal of Australia and international equivalents.
You can narrow your search to particular types of sites by including in your
search terms ‘site:edu’ or ‘site:gov’ so that you find sites only from educational or
government sources.

Make sure you keep a record of the information that you find as well as the
sources, so that you can correctly reference them later (Fig. 1.5). It is a good
idea to start a logbook (page 18) at this stage. You can write in references or
attach printouts to your logbook. This can save you a lot of time later on. Your
logbook may be hard copy or electronic but, either way, begin keeping it now.

Finally, talk to your teacher about your ideas. They will be able to tell you TR Start researching your topic
whether your ideas are likely to be possible for investigation given the equipment and make sure you keep a record of all your
available. They may have had students with similar ideas in the past and can ;’i::]etir}icce?“3Se‘;?ghr’eac:éditkssgii:fg tirr:;f?tratgztcjp
make suggestions about what worked well and what did not. the investigation.

After you have researched your questions and ideas, you will ideally be able
to narrow the shortlist down to the one question that you want to tackle. If none
of the questions or ideas looks possible (or interesting), then you need to go
back to the long list.

Proposing a research question or hypothesis

If you are doing a primary-source investigation (of, for example, the effect of
the environment on phenotype), then you need to define a research question
and/or hypothesis.

For example, you may begin by thinking: T wonder if a new fertiliser will
affect plant growth’. This idea is too general, so you need to turn it into a
more specific research question. The research question may be: "What effect
does a new fertiliser have on root and stem growth in a plant? The question
needs to be specific enough to guide the design of your experiment. It needs
to include what you will be varying (for example, type of fertiliser) and what
result you will expect (root and/or stem growth). Once you have decided on
your research question, further reading will guide you to design a suitable
experiment (Fig. 1.6). You would read up about the chemical components of
different fertilisers, ways of measuring root and stem growth, and what types
of plants have and have not had growth benefits from fertilisers in the past.
You need to decide on what specifically you will be changing (for example,
you may decide to select a new fertiliser with twice as much nitrogen as the
old fertiliser) and exactly what you will measure (shoot height, root length

FIGURE 1.6 You need to frame your research
question carefully. This student is investigating
and root mass in a seedling). The research question can then be turned into ~ plant growth with different fertilisers.

a hypothesis: If a fertiliser that contains more nitrogen is introduced, then a
particular seedling’s shoot height, root length and root mass will increase.

e Frame your research question carefully by making it specific enough to guide the design of the
investigation.

e Poor research question: ‘How can we make a seedling grow the best?’ ‘Best’ is a vague term.
What you mean by ‘best’ may not be what someone else means.

KEY CONCEPTS

@ Good research question: ‘Which one of two fertilisers gives the maximum growth of roots and
stem in a seedling?’ This question is not vague. It tells you what you will be varying and what you
will be measuring. It also gives a criterion for judging whether you have answered the question.

9780170485067 CHAPTER 1 » WORKING SCIENTIFICALLY AND DEPTH STUDIES 11



Formulating a hypothesis

A hypothesis is a predictive statement about the relationship between the variables and is an ‘expected’
answer to your question. Itis often writtenasan If ... then ... statement, to explain an expected relationship,
such as: Tf x is introduced/increased/decreased, then y will increase/decrease/stay the same!

An example of a hypothesis is:

Ifthe amount of nitrogen in the fertiliser provided to a seedling in the soil is increased, zen the height
of the stem and/or length of the roots of the seedling will increase.

Your hypothesis should give a prediction that you can test, ideally quantitatively (that is, by taking
measurements).

A hypothesis is usually based on an existing model or theory. It is a prediction of what will happen in
a specific situation based on that model. For example, investigators may use a model that describes how,
in the nitrogen cycle, nitrates from the soil are assimilated into proteins for plant growth. A hypothesis
based on an increased nitrate model may predict that, with plants that normally grow in nitrogen-poor
soils, introducing additional nitrogen in a fertiliser may increase growth.

A good research question or hypothesis identifies the variables that will be investigated. Usually you
will have one dependent variable and one independent variable. For a depth study you may have two or
more independent variables that you control (for example, you may test two different fertilisers if time
and resources allow). You should only change one variable at a time in any investigation.

If your experiments agree with predictions based on your hypothesis, then you can claim that they
support your hypothesis. This increases your confidence in your model, but it does not prove that it
is true. Hence, an aim for an experiment should never start “To prove ..., because it is not possible to
actually prove a hypothesis, only to disprove it.

If your experimental results disagree with your hypothesis, then you may have disproved it. This is
not a bad thing! Often the most interesting discoveries in science start when a hypothesis based on an
existing model is disproved, because this raises more questions.

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

e Investigations begin with a question, which is used to formulate a hypothesis.

e A literature review helps you refine your question or hypothesis. It helps you know what knowledge
and ideas have been established on a topic and the areas of strength and weakness in the research.

e A good hypothesis is a statement that predicts the results of an experiment, states the expected
relationship between the variables and can be tested using quantitative measurements.

KEY CONCEPTS

Planning your depth study

There are many things to consider when planning and designing an investigation. You need to think about

g f‘ftalctiavleatﬂhdmkmg how much time you will have, what space and equipment you will need, and where you will go if you
want to make measurements or observations outside. If you are doing a secondary-source investigation
or some other type of depth study, such as a creative work (e.g. building a physical model), you still need
to plan ahead to make sure you have the resources you need.

You may be working in a group or on your own. Most scientists work in groups. If you can choose who
you work with, think about it carefully. It is not always best to work with friends. Think about working
with people who have skills that are different from your own.

vaotf:r srlde Having a plan allows you to ensure that you collect the data, whether from a primary or secondary

source, that is needed to test your hypothesis. The longer the investigation, the more important it is that
you have a clear plan. Table 1.1 lists several things to consider.
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TABLE 1.1 Planning your depth study

PRIMARY-SOURCE INVESTIGATION SECONDARY-SOURCE INVESTIGATION

What data will you need to collect?

What information will you need to gather?

What materials and equipment will you need? What sources will you use?
When and where will you collect the data? When and where will you gather the information?
If you are working in a group, what tasks are assigned If you are working in a group, what tasks are assigned

to which people?

to which people?

Who will collect the data?

Who will collect what information?

Who will be responsible for record keeping? How will record keeping be done to avoid plagiarism?

How will the data be analysed?

How will the information be analysed?

How will sources be referenced?

Devising a plan for your investigation

How will sources be referenced?

Working
Scientifically
The most common problem that students have is time management. It is important to plan to have Skills Outcome:
enough time to perform the experiments, including repeat measurements, and to analyse them and sloT /22
report on them.
A good plan will help you keep on track. Your teacher may ask you to hand in a plan of your depth Personal and

study before you begin the implementation stage. Table 1.2 gives an idea of the types of things you should

think about.

social capability

TABLE 1.2 Depth study plan

INTRODUCTION TO DEPTH STUDY PLAN

Title Choose a title for your depth study.

What?

Rationale Explain why you have chosen this area of research.

Why? Describe what you are hoping to achieve through this investigation. Include any ways you think
your investigation may benefit yourself, your class and possibly your family, friends and the school/
wider community (if applicable).

Type of depth study and State the type of depth study you intend conducting (e.g. literature review, practical investigation).

resgarc7h model (if applicable) Where applicable, describe any theoretical models that you will use for your depth study. Include

Which! references to your reading and explain why you chose this model.

Timeline

Action and time frame
When?

Working scientifically skills
How?

1 Initiating and planning
When? (For example,
weeks 1-2)

Questioning and predicting: formulate questions and/or a hypothesis; make predictions about ideas,
issues or problems.

Planning: wide reading - research background information; assess risks and ethical issues; plan
valid, reliable and accurate methods; select appropriate materials and technologies; identify
variables; plan experimental controls and how to measure them.

2 Implementation and
recording
When? (For example,
weeks 2-4)

Conducting investigations: safely carry out valid investigations; make observations and/or accurate
measurements; use appropriate technology and measuring instruments.

Processing and recording data and information: collect, organise, record and process information
and/or data as you go.

3 Analysing and interpreting
When? (For example, week
4-mid week 5)

Analysing data and information: reduce large amounts of data by summarising or coding it; begin
looking for trends, patterns or mathematical relationships.

Problem-solving: evaluate the adequacy of data (relevance, accuracy, validity and reliability) from

primary and/or secondary sources. »
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» INTRODUCTION TO DEPTH STUDY PLAN

4 Communicating Presenting your depth study: use appropriate language, scientific terminology, calculations,
When? (For example, weeks diagrams, graphing and other models of representation; acknowledge your sources.
5-mid week 6).

Final presentation Due date: end of week 6

Data collection

Note that what you submit in your final depth study may be different from your initial planning list.

a Action: independent b Outcome: dependent variable c Validity: controlled variables
variable What will you measure and how What will you need to keep constant to make this a
Describe what you will will you measure it? (Quantitative/ fair test? What control(s) will you use (if applicable)?
change in your investigation. qualitative data?)

Data analysis and problem solving

d Data analysis e Conclusion
What method(s) will you use How will you judge whether the experiment was valid?
to analyse the data, and how How will your data allow you to test your hypothesis or answer your question?

will you represent the trends
and patterns?

Working Scientifically
Skills Outcome:

BIOT1/12-3 A well-framed question or hypothesis will help you choose the equipment that you need. For example,
if your hypothesis predicts a temperature change of 0.5°C, then you will need a thermometer that can
measure to at least this precision (precision and accuracy are discussed on page 19). You also need to
know how to use the equipment correctly. Always ask if you are unsure. The user manual will usually
specify the precision of the device and let you know of any potential safety risks, so read it.

Zvnotrekrparlde You need to think about how you can minimise uncertainties and errors. Minimising uncertainty
Personal and is not just about using the most precise equipment you can find; it is also about clever experimental
social capability technjque‘

Working safely: risk assessment

You may be required to complete a risk assessment before you begin your investigation. You need to
think about three things.

1 What are the possible risks to you, to other people, and to the environment or property?
2 How likelyis it that there will be an injury or damage?

3 If there is an injury or damage to property or environment, how serious are the consequences
likely to be?

A risk matrix’ can be used to assess the severity of a risk associated with an investigation. ‘Negligible’
may be getting clothes dirty. Marginal’ might be a bruise from falling off a bike, or from a broken branch
in a tree. ‘Severe could be a more substantial injury or a broken window. ‘Catastrophic would be a death
or the release of a toxin into the environment. You need to ensure that your investigation is low risk.

Once you have considered what the possible risks are, you need to think about what you will do
about them. What will you do to minimise them, and what will you do to deal with the consequences if
something does happen? You can use a risk assessment table like the one shown in Table 1.3.

Consider where you will perform your experiments or observations. Will you need to consider the
convenience or safety of others? Talk to your teacher about what space is available.
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TABLE 1.3 Example risk assessment table for managing risks

Potassium Eye irritant Wear safety glasses. If the solution comes in contact with
permanganate the eyes, use an eyewash.
Glassware Broken glass may cut the skin Handle all glassware with care. If glass breaks, sweep it

up with a brush and dustpan.

Ethical considerations

There are ethical frameworks for biological investigations, protecting the lives of animals and humans.
You need to take into consideration ethical principles before you begin your research. Think about basic
human values, animal rights, the rights of children, and whether the use of some technologies has ethical
repercussions. Ethical principles in biology could be a whole depth study of its own.

In your research for your literature review, include information about ethical codes of conduct related
to your investigation.

In a secondary-source investigation, take precautions with cyber safety and remember to keep your
personal information private.

e In primary-source investigations, you collect and analyse your own data. In secondary-source
investigations, you analyse someone else’s data.

e Investigations need to be planned carefully so that they answer your research question. You
also need to consider safety, ethical issues and the possible environmental impacts of your
investigation.

KEY CONCEPTS

Data: reliability, accuracy, validity and relevance

When designing your investigation, think about how you can minimise uncertainties and overcome
failure. For example, root growth will be affected if plant roots are attacked by fungus (mould). Try to
think of all the things that could go wrong in your experiment and put preventative measures in place.
You may also need to come up with a backup plan, so start early in case things go wrong and you need
to re-do your experiment.

If you are conducting a secondary-source investigation, then your literature review will be the basis
of your investigation. Remember that a literature review is not simply a summary of what you have
read - you need to add meaning. This may come from comparing and contrasting competing models
and constructing an argument, or by analysing and presenting secondary-source data. When using
secondary sources, remember to make comparisons between data and claims in a number of reputable
sources, including science texts, scientific journals and reputable Internet sites, and to reference these
appropriately.

If you are doing a primary-source investigation, a brief literature review will form the background
information and you will then make measurements to gather data yourself. You can collect data
by performing experiments or making observations in the field. You will gain practice at making
measurements if you do some of the investigations in the following chapters. These investigations can
form the basis of your depth study.

RISK
ASSESSMENT

Ethical
understanding

«l
4
O‘.

Weblink
Use of live organisms
in schools

Working
Scientifically
Skills Outcome:
BIO11/12-3

Information and
communication
technology
capability

Critical and
creative thinking

Literacy

9780170485067 CHAPTER 1 » WORKING SCIENTIFICALLY AND DEPTH STUDIES 15



Variables

When doing experiments, you need to decide which variable you will change, what you will measure
and which variables you will control. Consider which variables you can control, and which you cannot.
Typically, an experiment will have three types of variable:

1 anindependent variable, which we are testing and we therefore purposefully change

2 adependent variable, which is the result that we measure - this changes as a result of changing the
independent variable. We assume that the dependent variable is in some way dependent on the
independent variable

3 controlled variables, which are kept constant so that they do not interfere with our results.

Reliability

Whenever possible you should make repeat measurements. This allows you to check that your
measurements are reliable. Your results are reliable if repeat observations and/or measurements taken
under exactly the same circumstances give the same results within experimental uncertainty. If a result
is not reproducible, it is not a reliable result. The cause may be that a variable other than the one you
are controlling is affecting the value of the dependent variable. If this is the case, you need to determine
what this other variable is, and control it if possible. Results may also be unreliable if random errors
occur in the method. A reliable experiment is one which, if repeated multiple times, gives the same
result (within an acceptable margin of error). Reliable sources, such as scientific journals and texts, are
sources whose information is trustworthy because they are is written by qualified professionals and

Numeracy . .
are consistent across multiple sources.

Accuracy

Accuracy may refer to a result or to an experimental procedure. Accuracy of a result (data) is a measure
of how close it is to an expected value given in scientific literature (for example, scientific journals).
Secondary-source information is accurate when it is found to be similar to information presented in
peer-reviewed scientific journals.

Nmerscy To improve accuracy in experiments, we use the most precise measuring instruments available, avoid
human error (for example, measuring errors), carry out repeat trials, and find an average to smooth out
random errors so that the value we obtain approaches the expected value more closely.

Accuracy is also linked to any uncertainty in measurement. For example, we can determine the size of
red blood cells by estimating their number in a field of view and dividing by the size of that field of view.
Alternatively, we can measure their size with less uncertainty using a mini grid slide or a calibrated digital
microscope.

Plausible accuracy is accuracy that is estimated, taking into consideration the evident sources of
error and the limitations of the instruments used in making the measurements.

Validity
To ensure that results are valid, in a primary investigation you must carry out a fair test.

» Identify variables that need to be kept constant.

» Develop and use strategies to ensure these variables are kept constant.

» Demonstrate the use of a control.

»  Use appropriate data collection techniques.

»  Trial procedures and repeat them, checking that the results are the same each time.

In a control, you remove the factor being tested in the experiment to see whether, without that factor,
a different result is obtained.

These steps ensure that the process used and the resultant data measure what was intended. Results
need to be valid if you are going to be able to draw a conclusion from them.
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An investigation is valid if factors that may vary within an experiment are deliberately held constant
to ensure a fair test. These ‘controlled variables are kept the same so that the only factor that is allowed
to change in the experiment is the independent variable. The result is that the investigation measures
what was intended and the data obtained is accurate and reliable.

Evaluating your investigation

Some good questions to ask to assess reliability, validity and accuracy are shown in Table 1.4.

TABLE 1.4 Assessing reliability, accuracy and validity in investigations

PRIMARY INFORMATION AND DATA SECONDARY INFORMATION AND DATA

Reliability | Have | tested with repetition and obtained How consistent is the information with
consistent results? information from other reputable sources?
Have | done multiple trials and found an Are the data presented based on repeatable
average to eliminate random errors? processes?

Accuracy Do the results of the investigation agree with Is this information similar to information
the scientifically accepted value? presented in peer-reviewed scientific journals?
Have | used the best measuring equipment
available?

Validity Does my experiment measure the variable of Do the findings relate to the hypothesis or
interest? Does it actually test the hypothesis problem?
that I want it to? Have all variables apart from Are the findings accurate and the sources
those being tested been kept constant? Have reliable?
errors been kept to a minimum? Are my results
accurate and reliable?

e An experiment will have three types of variables: dependent, independent and controlled.

e Reliability of first-hand data is the degree to which repeated observation and/or measurements
taken under identical circumstances yield the same results.
— To assess reliability, compare results from repeat experiments to see if they are the same.

— To improve reliability, control all variables other than those being tested, repeat and average
results to reduce random errors, and use precise measuring equipment so that the same
result can be obtained each time the experiment is repeated.

KEY CONCEPTS

e To assess accuracy, examine how close a measurement is to its true value or how similar the
information is to that in peer-reviewed scientific literature.

— To improve accuracy, minimise uncertainty, reduce systematic errors and use the most
precise measuring equipment available. Use peer-reviewed secondary sources.

e To assess validity in a primary investigation, evaluate how closely the processes and resultant
data measure what was intended.

— In a secondary investigation, assess whether the information is relevant to the topic and if it
is from reliable sources.

— To improve validity, refine the experiment design to reduce complex variables that cannot be
kept constant, as well as reducing random and systematic errors.

Gathering data

You also need to consider how many data points to collect. In general, it is better to have more data than
less. However, you will have limited time to collect your data, and you need to allow time for analysis
and communicating your results. A minimum of 6-10 data points is usually required to establish a
relationship between variables, if the relationship is linear. A linear relationship is one where if you plot

Numeracy

one variable against the other you get a straight line. If you think the relationship might not be linear, then
take more data points and think carefully about how they will be spaced. You should try to collect more
data in the range where you expect the dependent variable to be changing more quickly. For example, if
you are measuring temperature of a hot object as it cools as a function of time, then you should collect
more data early, when cooling is more rapid.
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You will need to keep a record of what you do during your investigation. Do this in a hard copy or
electronic logbook.

Keeping a logbook

ey Scientists keep a logbook for each project that they work on. A logbook is a legal document for a working
scientist. If the work is called into question, then the logbook acts as important evidence. Logbooks are
sometimes even provided as evidence in court cases (for example, in patent disputes). Every entry in a
scientist’s logbook is dated, records are kept in indelible form (pen, not pencil), and entries may even be
signed. Never record data on bits of scrap paper instead of your logbook!

Your logbook will include:

Personal » notes taken during the planning of your investigation
BT » arecord of when, where and how you carried out each experiment
» diagrams showing the experimental set-ups, biological drawings, and other relevant information
»  all your raw results
» all your derived results, analysis and graphs
» all the ideas you had while planning and carrying out experiments, and analysing data
» printouts, file names and locations of any data not recorded directly in the logbook.

It is not a neat record, but it is a complete record (Fig. 1.7). Your teacher may check your logbook at
various intervals to assess your progress.

Your logbook

Always write down what you do as you do it. It is easy to forget what you did
if you do not write it down immediately. Your logbook may be hard copy or
electronic. Either way, your logbook is a detailed record of what you did and
what you found out during your investigation. Make an entry in the logbook
every time you work on your depth study.

Logbooks are important working documents for scientists. All your data
should be recorded in a logbook, along with all records of your investigations.

Recording data and creating scientific tables

FIGURE 1.7 Make sure you keep an accurate
record of what you do as you do it.

If you are going to be collecting multiple data points, then it is a good idea to
draw a table to record them in. Scientific tables are always drawn with a ruler,

e and they are fully enclosed tables with appropriate headings. Label the columns in the table with the name
and units of the variables. If you know that the uncertainty in all your measurements is the same, then you
can record this at the top of the column as well. Otherwise, each data entry should have its uncertainty
recorded in the cell with it. When constructing a results table, put units in the headings and not in the

Working body of the table. It is best practice to put the independent variable in the first column and the dependent
Scientifically Skills variable in the second, if you are drawing a vertical table. For a horizontal table, the independent variable

Outcome: BIO11/12-4
. is placed in the top horizontal row and the dependent variable in the first vertical column.

Itis a good idea to start your analysis while you are collecting your data. If you spot an outlier and you
are still making measurements, then you have the opportunity to repeat that measurement. If you made
amistake, then put a line through the mistake and write in the new data.

Plotting and analysing data as you go is sometimes beneficial because it allows you to spot something
that may be of interest early on in your investigation. You then have a choice between revising your
hypothesis or question to follow this new discovery, or continuing with your plan. Many investigations
start with one question and end up answering a completely different one. These are often the most
fun, because they involve something new and exciting. Some of the most significant finds (for example,
penicillin) have come from unexpected results of experiments or serendipity.
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Accuracy, precision and errors in measurement

When making measurements, your aim is to be as precise and accurate as possible.
An accurately measured result is one that represents the ‘true value” of the measured quantity as

Working
Scientifically
Skills Outcome:
BIO11/12-5

closely as possible. When we take repeated measurements, we assume that the mean (average) of the
measurements will be close to the ‘true value’ of the variable. However, this may not always be the case.
For example, if you have ever been a passenger in a car with an analogue speedometer and tried to read
it, your reading will be consistently different from what the driver reads. This is because of parallax error.
The needle sits above the scale, and when viewed from the side does not line up correctly with the true
speed. Beware of parallax error with any equipment using a needle. This is an example of a systematic
error, in which measurements differ from the true value by a consistent amount. Note that often we do
not know what the ‘true value is.

Scientists should be aware of the possibility of error in all stages of an investigation. Notes on possible
sources of error should be kept in the logbook.

» Planning stage: errors may arise as a result of limitations of time and/or materials. Assess the Critical and
possibility and adjust the method so that errors are minimised. crestive thinking
» Datacollection and processing stages: remember to assess the degree of uncertainty and to keep note

. . «l
of the accuracy of measuring devices. s
» Concluding stage: evaluate the validity of the investigation and discuss any sources of error, as well as
possible ways of reducing error in future investigations. Worksheet

Validity, reliability,
accuracy and

Sometimes it is difficult to remember the difference between accuracy and precision. For example, e

on a dart board, think of accuracy as how close to the centre your dart hits, and your measurement of
precision as how closely you can group your shots (Fig. 1.8).

FIGURE 1.8 Ona
dart board, accuracy
is determined by how
close to the centre
(bullseye) your dart

.‘ *ﬁ lands. Precision is how

closely you can group
your darts.
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Low accuracy
High precision

High accuracy
Low precision

High accuracy
High precision

When looking at precision and accurac
y P v Actual, target or FIGURE 1.9 Graph

distinguishin
A reference value 9 9
between accuracy

and precision

in scientific measurements, measurements
that are close to the known value are said to
be accurate, whereas measurements that
are close to each other are said to be precise.

[ ——Accuracy —p|

Therefore, for measurements to be accurate
and precise, they must be close to the mean
value and the measurements need to be close

Probability density

to each other.

A graph may also be used to show the
relationship between accuracy and precision
(Fig. 1.9).
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FIGURE 1.10 Ina
plot of number of
measured values
versus reading, the
results in a have a
small spread about
the mean (true value)
and are therefore
more precise. The
results in b have a
larger spread about
the mean and are less
precise.
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Weblink
Accuracy and
precision

Critical and
creative thinking
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4
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Weblink
Resolution and
precision
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In the scientific definition, precision is described as a measure of the variability of the measurements,
so it affects the spread of the repeated measurements about the mean value. The smaller the spread,
the greater the precision. This is shown in Figure 1.10. Figure 1.10a shows precise measurements, and
Figure 1.10b shows less precise measurements. Note that both data sets are centred about the same
mean, so they have the same accuracy.

Number of measured
values

/.

True value'
Reading

Number of measured
values

v
v

True value'
Reading

There is always the risk that errors in measurement may arise when actually doing the measuring,
but some errors also arise when we are calculating derived data. We need to keep both types of error to
aminimum if our results are to be reliable, accurate and valid.

Visit the weblink Accuracy and precision to increase your understanding of minimising error and to
clarify some concepts about processing of raw data that may seem complex at first. This weblink deals
with precision and accuracy, and gives an easy but realistic example of how and why it is necessary to
process raw data and to calculate percentage, mean and standard deviation.

Estimating uncertainties

When you perform experiments, there are typically several sources of uncertainty in your data. Sources
of uncertainty that you need to consider are the:

»  limit of reading of measuring devices
» precision of measuring devices
» variation of the measurand (the variable being measured).

For all devices there is an uncertainty due to the limit of reading of the device. The limit of reading is
different for analogue and digital devices.

People often confuse precision with the resolution of a measuring device. The resolution tells us
about the degree to which an instrument can be read’. Precision is the degree to which an instrument
can be read repeatably and reliably’.

Analogue devices have continuous scales and include swinging needle multimeters and liquid-in-
glass thermometers. For an analogue device, the limit of reading, sometimes called the resolution, is half
the smallest division on the scale. We take it as half the smallest division because you will generally be
able to see which division mark the indicator (needle, fluid level, etc.) is closest to. So, for a liquid-in-glass
thermometer with a scale marked in degrees Celsius (Fig. 1.11a), the limit of reading is 0.5°C.

Digital devices such as digital multimeters and digital thermometers have a scale that gives you a
number. A digital device has a limit of reading uncertainty of a whole division. So a digital thermometer
that reads to whole degrees (Fig. 1.11b) has an uncertainty of 1°C. For a digital device the limit of reading
is always a whole division, not a half, because you do not know whether it rounds up or down, or at what
point it rounds. The digital device (Fig. 1.11c) has a greater resolution than (a) or (b) because it measures
to one decimal place. The limit of reading is 0.1°C.
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FIGURE 1.11 a Analogue and b and ¢ digital thermometers with different resolutions (reading limits)

The resolution, or limit of reading, is the minimum uncertainty in any measurement. Usually the
uncertainty is greater than this minimum.

Measuring devices such as data loggers usually have their precision given in the user manual.

Many students think that digital devices are more precise than analogue devices. This is often not
the case. A digital device may be easier for you to read, but this does not mean it is more precise. The
uncertainty due to the limited precision of the device is generally greater than the limit of reading (see
Figs 1.11a, 1.11b).

e Systematic error is due to the measuring device (for example, if it is not calibrated correctly) or
technique (for example, parallax error or through incorrect positioning of the instrument).

Random error is due to unavoidable variations in reading a measurement.

KEY CONCEPTS

Accuracy refers to the closeness of a measured value to a standard or known value.

Precision refers to the closeness of two or more measurements to each other.

The uncertainty in any measurement depends upon the limit of reading of the measuring
device, and the precision of the device.

Working
Scientifically
When you have collected all your data, you will need to analyse it. Record all your analyses in your Skills Outcome:

logbook. If you have more than a few data points, it is a good idea to display them in a table. Tables of BIoTI/12-5
data need to have headings with units for each column, and a caption stating what the data means or

how it was collected (see how to construct a table on page 18). Tables are used for recording raw data and Critical and
also for organising derived data. creative thinking

Calculating derived data from raw data

Raw data is what you actually measured (with units and uncertainties). Derived data is data that you have
calculated using raw data. For example, your raw data may be the length of roots and height of shoots in
each plant. From this data you may choose to derive the average length and height of roots and shoots
and/or you may wish to calculate the overall percentage growth.

Numeracy

Drawing and using graphs

If you look at any science journal, you will see that almost every article contains graphs. Graphs are not
only a useful way of representing data, but they are also commonly used to analyse relationships between
variables. You should have lots of graphs in your logbook as part of your exploration of the data. It is often
useful to plot your data in different ways, especially if you are unsure what relationship to expect between
your dependent and independent variables.

Graphs should be large and clear. The axes should be labelled with the names of the variables and
their units. The independent variable is placed on the x-axis and the dependent variable on the y-axis.
Choose a scale so that your data takes up most of the plot area. This will often mean that the origin is not
shown in your graph. Usually there is no reason why it should be. The scale is plotted in equal increments.
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Weblink
Data points
Some helpful advice
on deciding the
number of data
points

To determine a relationship you need to have enough data points and the range of your data points
should be as large as possible. A minimum of six data points is generally considered adequate if the
relationship is expected to be linear (give a straight line), but always collect as many as you reasonably
can, given the available time.

For non-linear relationships, you need more data points.

Types of graphs
There are different types of graphs so you need to know which type to use. Your choice will depend on
what you have measured.

Scatter plots are used when you are looking for a relationship between variables. A scatter plot is a
graph showing your data as points (Fig. 1.12a). Do not join them up as in a dot-to-dot picture. Use a line
of best fit if they appear to fall in a straight line.

Line graphs are also used to find a relationship between variables. When both the independent and
dependent variables are continuous, a line graph is drawn to show how one variable will affect the other.
For example, the independent variable may be the number of hours seedlings were exposed to light and
the dependent variable may be the average height of the shoots (see Table 1.5).

TABLE 1.5 Height of shoots in seedlings exposed to variable periods of light

TIME EXPOSED TO LIGHT PER DAY FOR
2 WEEKS (hours) HEIGHT OF SHOOTS (mm)

0 24
2 18
4 17
6 15
8 13
10 11
12 9
14 7

Frequency distribution graph for wetland birds

Effect of fertiliser on root growth 0 4
A ]
8 -
R —e— Standard fertiliser g J
E New fertiliser 3
£ 67 5
5 5 6-
Q =
= 8
o 4 E 4-
£ z
[
g 2
2 24
(@]
O -
Q Q
0 T —> Lﬁ% \(\(Z')O
0 5 10 & <
o S
Q’b

Amount of fertiliser (mg/cm?3 soil)

FIGURE 1.12 a A scatter plot demonstrating a mathematical relationship; b a column graph displaying results from counting categories
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Column or bar graphs are used if groups of things have been counted or measured. An example is the
heart rates of different types of animals. A bar graph has categories on the y-axis and numbers on the
x-axis. A column graph has numbers on the y-axis and categories on the x-axis (Fig. 1.12b). The columns
or bars have a gap between them and do not touch.

A histogram is similar to a column graph, but the columns touch each other. These are used for data
where a continuous variable has been divided into consecutive categories. An example is the average
monthly rainfall in Sydney during autumn and winter in 2016 (Table 1.6).

TABLE 1.6 Average rainfall in Sydney during autumn and winter, 2016

MONTH AVERAGE RAINFALL (mm)

March 130
April 129
May 120
June 133
July 97
August 81

A sectoror pie graphis used to compare parts of a whole. An example is the composition of a predator’s
diet (Table 1.7 and Fig. 1.13). A protractor must be used when drawing a pie chart.

TABLE 1.7 Components of diet of red fox (Vulpes vulpes) FIGURE 1.13 Datain

Dietary contribution (%) Tl 1.7 diewn asa
FOOD DIETARY CONTRIBUTION (% i
Rabbits 30 Rabbits
Carrion /

Lambs 20

Small marsupials 10 Birds
Frogs 10
Lizards 10 Lizards
Birds 5
Carrion 5
Frogs
Fruit 5 4 Lambs
Other 5 Small marsupials —

Linear lines of best fit

A good graph to start with is simply a scatter plot of the raw data. You will usually be able to tell by
looking whether the graph is linear. If it is, then fit a straight line (line of best fit).

Removing outliers
Numeracy

When you plot your raw data, you may find that one or two points are outliers. These are points that do
not fit the pattern of the rest of the data. These points may be mistakes. For example, they may have been
incorrectly recorded or a mistake may have been made during measurement. They may also be telling
you something important. For example, if they occur at extreme values of the independent variable, then
it might be that the behaviour of the system is linear in a certain range only. You may choose to remove or
ignore outliers when fitting a line to your data, but you should be able to justify doing so.
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Non-linear lines of best Fit

Relationships between variables are often not linear. If you plot your raw data and it is a curve, then do
not draw a straight line through it. In this case you need to think a little harder. If your hypothesis predicts
the shape of the curve, then try fitting a theoretical curve to your data. If it fits well, then your hypothesis
is supported.

Note that a line of best fit is not the same as joining the dots. It is rarely useful or appropriate to join
the dots, even though this is often the default setting in spreadsheet software.

EE e Data is usually recorded in tables.
w
=) e Graphs are used to represent and analyse data.
5] o Linear graphs are useful for analysing data.

Working Scientifically
Skills Outcome: ) ) ) )
BIO11/12-6 Once you have analysed your results, you need to interpret them. This means being able to either answer

your research question or state whether your results support your hypothesis.
You need to take into account the uncertainties in your results when you decide whether they support

Numeracy your hypothesis. For example, suppose you have hypothesised that the maximum range in which the
enzyme pepsin will function is between 35°C and 40°C, yet your results show that the maximum activity
occurs at 42°C. You may think that this result does not support your hypothesis. To say whether the result
agrees with the prediction, you need to consider the uncertainty. If the uncertainty is 1°, then the results
disagree with the hypothesis. If the uncertainty is 2° or more, then the results do agree and the hypothesis
is supported.

If your hypothesis is not supported, it is not enough to simply say our hypothesis is wrong'. If the
hypothesis is wrong, what is wrong with it?
ot It may be that you have used a model that is too simple. For example, when designing an experiment

" using catalase, you may base your hypothesis on the model that enzymes in the human body work best

at around human body temperature (37°C), like many digestive enzymes. In your experiment, you then
Enzyras model find that the optimum temperature for catalase is 10°C. This may be because you were not aware of the
temi“;f:ttufz o model that proposes that, in order to function in cells lining the digestive tract, catalase needs to avoid
catalase activity being digested. To do this, it changes shape to its functional form and works best at a low optimum

temperature between 0°C and 10°C. At body temperature catalase is indigestible but not the optimum
shape for peak performance. Therefore, your hypothesis may be better described by a model that takes
into account the idea that catalase must avoid being digested and achieves this by functioning best at
temperatures lower than body temperature. Before you decide that the model is at fault, however, it is a
good idea to check carefully that you have not made any mistakes.

It is never good enough to conclude that ‘the experiment didn't work'. Either a mistake was made or
the model used was not appropriate for the situation. It is your job to work out which. In doing so, you
will come up with more questions.

Experiments that do not support predictions based on existing models are crucial in the progress
of science. It is these experiments that tell us there is more to find out, and inspire our curiosity as

scientists.
EE e You must know the uncertainty in your results to be able to test your hypothesis.
g e If your hypothesis is disproved, you need to be able to explain why.
(S
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Communicating your understanding Working

Scientifically
Skills Outcome:
BIO1/12-7

If research is not reported on, then no one can learn from it. An investigation is not complete until the

results have been communicated. Most commonly, a report is written. Scientists also use other means to

communicate their research to each other, such as posters and talks. To communicate their work to the

public, scientists may use science shows and demonstrations, public lectures, websites, videos and blogs. Literacy
All of these are useful ways of communicating your understanding, and you need to select the mode that

best suits the content you wish to communicate and the audience to whom you wish to communicate.

A report is a formal and carefully structured account of your investigation or depth study. It is based on
the data and analysis in your logbook. However, the report is a summary. It contains only a small fraction
of the information that you collected.

A report consists of several distinct sections, each with a particular purpose. When writing a report
for a science journal, you will need to provide an abstract and an introduction, but for secondary school
purposes the following headings are suggested:

» Background information
» Aim

» Hypothesis

» Risk assessment

» Materials

»  Method

» Results and analysis
» Discussion of results
» Conclusion

» Acknowledgements
» References

»  Appendix.

Reports in scientific journals are always written in the past tense, because they describe what you
have done. They start with an abstract — a very short summary of the entire report, typically between 50
and 200 words. The abstract appears at the start of the report but is always the last thing that you write.
Try writing just one sentence to summarise each part of your report.

At school level, your report may be written in the present or past tense. Start with a clearly stated aim,
making sure it includes variables and the change you will be measuring.

Background information

The background information tells the reader why you did this investigation or depth study and how
you developed your research question or hypothesis. This is the place to explain why this research is
interesting. The introduction also includes the literature review, which gives the background information
needed to be able to understand the rest of the report. The introduction for a secondary-source report
is similar to that for a primary-source investigation. In both cases, it is important to reference all your
sources correctly.
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Aim
In any experiment, the aim describes what you intend to do. For example, you may aim to investigate, to

measure, to model, to compare, to verify or to calculate. The aim should be brief and it should link with
the hypothesis that predicts what you expect to find.

Hypothesis

The hypothesis is written as a predictive If ... then ... statement of your expected result, and it must be
falsifiable (that is, it must be able to be disproved). It does not give a reason why you expect that result.

Risk assessment

Risk assessment is discussed on pages 14-15.

Materials

Alist of all the materials and equipment (including quantities and concentrations, if applicable) that you
used during the experiment is provided.

Method

The method summarises what you did. It says what you measured and how you measured it. It also
explains, briefly, why you chose a particular method or technique. The method is written in point form.
If in the present tense, each sentence usually starts with a verb. The method also describes how you
measured your results and recorded your information.

For a primary-source investigation, the method describes how you carried out your experiments or
observations in enough detail that someone with a similar knowledge level could repeat your experiments.
It should include large, clear diagrams of equipment set-up, such as water baths in enzyme experiments.
You should have diagrams in your logbook, but these are generally rough sketches. Diagrams should be
redrawn neatly for a report, as in Figure 1.14.

The method section for a secondary-source investigation is generally shorter. If you are doing a review
of the current literature on a topic, then your method will say what literature searches you carried out
and how you decided which sources to use.

FIGURE 1.14 A
potometer is used to
measure the rate of
absorption in relation
to transpiration.

M f— Leafy twig transpiring

—— Reservoir

Rubber stopper Tap to re-set
with hole for air bubble H]?Ie for uptake
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Results

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

Tables comparing the results of different experiments or secondary sources are useful. Avoid including
long tables of raw data in your report. Wherever possible, use a graph instead of a table. If you need to
include alot of raw data, then put it in an appendix attached to the end of the report.

Think about what sort of graph is appropriate. If you want to show a relationship between two
variables, then use a scatter plot. Display your data as points with uncertainty bars and clearly label any
lines you have fitted to the data. Column and bar graphs are used for comparing different data sets. Do
not use a column or bar graph to try to show a mathematical relationship between variables.

Any data and derived results should be given in correct S| units with their uncertainties. If you
performed calculations, then show the equations you used. You might want to show one example
calculation, but do not show more than one if the procedure used is repeated.

Discussion

The discussion should summarise 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 supported
your hypothesis. If not, explain why. If your investigation led you to more questions, as is often the case,
say what further work could be done to answer those questions.

Conclusion

The conclusion is a very brief summary of the results and their implications. Say what you found. A
conclusion should be only a few sentences long and should not contain any inferences. Make sure
your conclusion relates back to your aim and hypothesis. This is where you state whether or not your
hypothesis is supported.

Acknowledgements and references

Scientific reports often include acknowledgements thanking people and organisations that helped with
the investigation. This includes people who supplied equipment or funding, as well as people who gave
you good ideas or helped with the analysis. In science, as in other aspects of your life, it is always polite
to say ‘thank you'.

The final section of a report is the reference list. It details the sources of all information that was
actually used to write the report. This list will generally be longer for a secondary-source investigation.
Wherever a piece of information or quotation is used in your report it must be referenced at that point.
This is typically done either by placing a number in brackets at the point (for example, [2]), or the author
and year of publication (for example, (Smith, 2016)). The reference list is then provided in either a footnote
at the end of each page or a single complete list at the end of the report. There are different formats for
referencing, so check with your teacher about what format they prefer. There are several good online
guides to referencing.

References versus bibliographies

A reference list is not the same as a bibliography. A bibliography is a list of sources that are useful to
understanding the research. The sources may or may not have been used in the report. You should have
a bibliography in your logbook from the planning stage of your investigation. The references will be a
subset of these sources. A primary-source investigation does not include a bibliography. A secondary-
source investigation may include a bibliography as well as references, to demonstrate the scope of your
literature search. For some secondary-source investigations, such as an annotated bibliography, the
bibliography itself may be a major section of the report.

Working
Scientifically
Skills Outcome:
BIO11/12-3
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~ Appendix

o @
b Appendices often contain information that is not essential in explaining the findings of an investigation.
Worksheet For example, any lengthy and repetitive information that supports your finding, such as relevant raw
Agood sorictical data, is presented in an appendix.
E e A formal report has the same form as an article written by a scientist. It begins with an abstract
S (in a scientific journal) or an aim and, at school level, background information. It includes
5 information from a literature review on both the scientific principles behind the research and
§ the research method selected. It includes a risk assessment, materials, method, results and
~ analysis, discussion and conclusion. All sources need to be referenced correctly.
You may want to present the results of your investigation in some other way. Scientists communicate
their work in many ways. Sometimes a poster is presented or a seminar is given. An article or blog may
be written or a web page created. Scientists usually use more than one means, and sometimes several
means, to communicate a really interesting investigation.
Look at examples of science investigations reported on websites, in the newspaper, on the TV and so
on. This will give you an idea of the different styles used in the different modes. Think about the purpose.
Is it to inform, to persuade, or both? What sort of language is used?
Think about your audience and purpose, and use appropriate language and style. A poster is not
usually as formal as a report. A video or web page may be more or less formal, depending on your audience.
Posters and websites use a lot of images. Images are usually more appealing than words and numbers,
but they need to be relevant. Make sure they communicate the information you want them to. An
example of a poster is provided on pages 30-31.
- If you are creating a website, consider accessibility. On websites, fonts need to be large enough
Ks and clear, and digital images should have tags. You can follow the weblink for more information on
accessibility and web-page design.
ac‘:’e"s‘;fg‘fity If you make a video, then consider who your audience is and what will appeal to them. Think about
The Royal Society how you will balance content with entertainment.
for the Blind has
formation on A formal report uses referencing to show where you found information. Other means of
making websites . ) . . .
accessible. communicating about your depth study or investigation also need to acknowledge the sources of

information you used. You also need to be very careful about using copyright content - for example,
you cannot copy images from other peoples websites unless the site's owner gives permission. Talk to
your teacher about how they would like you to acknowledge your sources.

However you communicate your work, make sure you know what the message is and who the
audience is. Once you have established that, you will be able to let other people know about the interesting
things you have discovered in your investigation.

Asyouprogress through this book, you will see investigations in each chapter. Some of these investigations
are described in detail. They are designed to be useful as training exercises in how to perform primary
investigations — how to set up equipment, make measurements and analyse data. Even if your depth
study is from secondary sources, it is important to gain experience in doing experiments because biology
is based on experiments.

At the end of each module, there is a short section called ‘Depth study suggestions’. Here you will find
ideas for primary- and secondary-source investigations, which build on the content of the preceding
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chapters. These suggestions are sourced from experienced teachers and university academics, and from
biology education literature. Your teacher will also have ideas and suggestions. You can also generate
your own ideas by reading about topics you are interested in. Consider what skills from other areas
you might bring to a depth study, particularly if you are artistically creative or musical. Many biologists
combine their love of science with creative pursuits.

By carrying out depth studies, you will extend your knowledge and understanding in biology and,
more importantly, you will learn how to work scientifically — you will learn how to do biology.

KEY

CONCEPTS

e There are many ways of communicating your findings. Choose a method that is appropriate to
your investigation and your intended audience.
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Poster: A new fertiliser stimulates seedling
growth of the newly discovered and rare
Eucalyptus pyrenea

Arthur B. Ruse, Jacqueline Hammond, Rufus C. Smith, Karen Trace and Leigh B. Waters, Pyrenees State High
School, Warrenmang, Victoria, Australia

Introduction

The recent identification of a new rare Eucalyptus
species in the Pyrenees region of north-west Victoria,
Eucalyptus pyrenea (Figure 1), has prompted efforts
fo try fo cultivate the species (1). This would allow
for regeneration of local areas with the native tree,
promoting conservation of this species and enriching
the natural biodiversity of the area.

Growing E. pyrenea seedlings has proven
difficult without the addition of a fertiliser, although
the standard low-phosphorus fertiliser used for
Eucalyptus species, Super Ready, has not stimulated
the same enhanced growth that is usual in other
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species (2).
A new fertiliser, ExtraGro, has recently become
available for native Australian plants. It contains FIGURE 1 An example of a Eucalyptus gum.
identical levels of phosphorus, potassium and trace
elements to those in Super Ready but has double the ExtraGro, containing greater nitrogen, enhanced
amount of nitrogen, which promotes foliage growth E. pyrenea growth above that stimulated by Super
(3). The aim of this study was to determine whether Ready.
Method

Genetically identical seedlings were obtained from a
nursery at a length of 10cm+2cm and grown in 300g
of standard Australian native plant potting mixture
(Figure 2). Plants were exposed fo full sunlight and
were watered every second day with 25mL tap water.

Fertiliser (2mg per seedling) was applied to the
soil immediately prior fo each watering.

After two weeks, seedlings were analysed for totfal
length, shoot length, root length, total dry weight,
shoot dry weight and root dry weight.

Six replicate seedlings were ftested per condition.

FIGURE 2 Seedlings in their growing containers. Left pot, seedling
treated with standard fertiliser (Super Ready) and right pot, ExtraGro

Tng DYP, Janos DP, Jordan GJ, Weber E and Bowman DMJS (2014) Phosphorus limits Eucalyptus
grandis seedling growth in an unburnt rain forest soil. Front. Plant Sci. 5:527. doi:0.3389/
fpls.2014.00527 Licenced under CC BY 4.0 http://creativecommons.org/licenses/by/4.0/
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Results: ExtraGro stimulates enhanced root growth

Effects of fertiliser on root growth
15

10

Change in root length (cm)

Super Ready ExtraGro
FIGURE 3 Change in root length of seedlings after two weeks of
treatment, normalised to untreated seedlings (difference in treated
seedling length divided by difference in untreated seedling length).

n.s.

Root dry weight (g)

ExtraGro

No fertiliser

Super Ready

FIGURE 4 Root dry weight after two weeks of treatment. *P<0.05,
n.s. = not significant. Bars show mean + standard deviation, n = 6.

Results: ExtraGro promotes greater shoot growth

FIGURE 5 Representative seedlings
after two weeks of treatment. Left,
untreated seedlings. Centre, seedlings
treated with Super Ready and right,
seedlings treated with ExtraGro.

Sarah A. Jones, Mullan, G. D. and White, P. J.
2001. Seedling Quality: Making informed choices.
Bushcare and the Department of Conservation
and Land Management. Photo by G. Mullan.
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FIGURE 6 Effects of fertilisers on seedling height after two weeks of
treatment

Treatment of E. pyrenea seedlings with the standard
Australia native plant fertiliser, Super Ready, increased
seedling height over a growing period of two weeks
above the height reached by freatment with water
alone. However, ExtraGro caused superior seedling
shoot growth in terms of biomass (e.g. Figure 5) and
height (Figure 6).

In addition fo stimulating shoot elongation and
biomass accumulation, we found ExtraGro to have
superior roof-enhancing properties over Super
Ready. Root length increased significantly more over
two weeks following treatment with ExtraGro than
with Super Ready (Figure 3). However, root biomass
was not increased by ExtraGro (Figure 4), suggesting
that the increased nitrogen in this fertiliser stimulated
the growth of longer but thinner roofs.

Conclusions

We tested whether the ExtraGro fertiliser, containing
twice as much nitrogen, stimulated enhanced E.
pyrenea seedling growth over that stimulated by
the standard Australion native plant fertiliser Super
Ready.

ExtraGro promoted greater shoot elongation and
biomass accumulation. In addition, it stimulated
increased root elongation, although it did not alter
root biomass gain over a two-week period.

Therefore, we have found that E. pyrenea
seedlings respond better to a high-nitrogen fertiliser
than standard fertiliser. This significant finding may
inform future efforts fo cultivate this species.
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@ Sexual and asexual reproduction

How does reproduction
ensure the continuity of

9780170485067

a species?

v

Students:

explain the mechanisms of reproduction that ensure the continuity of a species, by analysing sexual and
asexual methods of reproduction in a variety of organisms, including but not limited to:

animals: advantages of external and internal fertilisation

plants: asexual and sexual reproduction

fungi: budding, spores

bacteria: binary fission

protists: binary fission, budding

analyse the features of fertilisation, implantation and hormonal control of pregnancy and birth in mammals

evaluate the impact of scientific knowledge on the manipulation of plant and animal reproduction in
agriculture

Biology Stage 6 Syllabus © NSW Education Standards Authority for and on behalf of the Crown in right of the State of New South Wales, 2017
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Assessments 2.3 A secondary source investigation of
e Ch . scientific knowledge and its application to
Chapter review reproductive technologies in agriculture
® Review quiz
® Exam preparation Worksheets
® The male and female reproductive systems

I“veStlgatlons ® \What are the social and ethical implications

21 A practical and secondary-source of applying IVF technology?
investigation to examine organs of Hormonal control of reproduction
perennation in plants

2.2 Practical investigation of asexual
reproduction (budding, binary fission, spore
formation, propagation) in living organisms

Human embryonic stem cell debate

To access these resources, Vvisit

K4 Nelson \ViiiglelETe cengage.com.au/nelsonmindtap

-
1

Living organisms grow, develop, respire, feed, reproduce, excrete and eventually age and die. For
continuity of life, the most critical characteristic of living organisms is reproduction. Organisms must be
able to reproduce to pass on their genes, whether by replicating themselves or by mating with another
individual to produce fertile offspring.

Offspring carry the same genetic traits or a mix of traits from their parents into the next generation
(Fig. 2.1), ensuring that, even though individuals die, the gene pool and the species continue.

3Paulussen/Shutterstock.com

LightField Studios/Shutterstock.com

FIGURE 2.1 Offspring resemble their parents, physical evidence of genetic material being passed on from one generation
to the next to ensure the continuation of the species.

Asexual and sexual reproduction -
one parent or two?

Reproduction is a fundamental evolutionary process ensuring the continuity oflife. Considering the origin
of life and the evolution of living organisms, reproduction must have been one of the first characteristics
oflife to arise. The ability of a chemical system to make copies ofitself and, later, the ability of an organism
to make copies of itself, are of primary importance in ensuring the continuity of species.

The reproductive success of an organism is determined by its ability to produce fertile offspring that
survive to reproductive maturity and produce offspring of their own, in this way replacing the parent.
Biological fitness is a measure of an individual’s reproductive success. Biological fitness is calculated
as the average contribution to the gene pool made by a certain genotype within a population and the
relative likelihood that those alleles (variants of a gene) will be represented in future generations. An
allele with higher fitness is more likely to be represented in future generations than an allele of the same
gene with lower fitness. Reproductive success is a feature of an individual, while biological fitness is a
feature of an allele in a population.
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There are two main methods of reproduction. Asexual reproduction involves only one parent and
gives rise to offspring that are genetically identical to each other and to the original parent.

Sexual reproduction usually involves two parents who produce offspring that have a mix of the parents’
genes and therefore differ from each other and from the parents. (Occasionally, organisms are bisexual
and if self-fertilisation occurs, the offspring would arise by sexual reproduction from one parent.)

e Reproduction means making a copy or a likeness. For living organisms, this means producing
offspring that are identical to the parent or resemble the two parents that gave rise to them.

e Individuals have a finite lifespan, so in order for a population or a species to survive, genetic
material must be passed from one generation to the next. This ability to reproduce is known as
the reproductive success of an individual.

KEY CONCEPTS

e The genetic material of all organisms in a population makes up the gene pool. The likelihood of
genes appearing in the next generation and being passed on is known as biological fitness.

e In evolutionary terms, reproduction is less significant for individual success and more
important for the continuation of the species.

Sexual reproduction involves the meeting of special sex cells called gametes, which carry genetic
information from both parents to the offspring. As a result, the offspring contain a mix of parental genes
and are not genetically identical to the parents or to other offspring, and this introduces genetic variation
into the population. The greatest advantage that sexual reproduction is thought to provide, in terms of
continuity of life at the species level, is genetic diversity.

Some offspring may possess random variations that make them better suited to new and changing
environmental conditions. They may out-compete their parents and/or other individuals in the
population, thereby gaining a selective advantage. In the face of environmental change, the survival of
some individuals gives the overall population or species a better chance of survival.

The disadvantage of sexual reproduction is that this process demands a greater expenditure of time
and energy, involving processes such as finding a mate, courtship behaviour, gamete production and
mating, before the production of young. These processes may also make organisms more vulnerable
to predators. Because sexual reproduction requires far more investment by an individual than asexual
reproduction, it tends to be the first functional process that is sacrificed in times of hardship.

During sexual reproduction, a combination of genetic material from two parents is passed on to
offspring. Every species has a characteristic number of chromosomes per cell. For example, humans have
46 chromosomes, camels have 70, tomatoes have 24 and chickens have 78. Each species usually has two
sets of chromosomes, arranged in homologous pairs. The number of chromosomes does not necessarily
reflect the complexity of the organism and even varies among closely related species. For example, the
housefly has 12 chromosomes, whereas the fruit fly has only 8. The important thing to remember for
studies of genetics is that the chromosome number is constant for each species and does not change
from one generation to the next.

In sexual reproduction, to prevent the chromosome number from doubling in each successive
generation, a mechanism to ensure that each parent contributes only half of his or her chromosomes
to their offspring is necessary. Meiosis, a type of cell division that takes place in the reproductive organs
of plants and animals, is important to maintain the characteristic chromosome number during sexual
reproduction. When a cell involved in sexual reproduction divides by meiosis to produce gametes (sex cells),
the chromosome number halves - that is, each resulting gamete contains only one set of chromosomes.

The terms diploid and haploid refer to the number of sets of chromosomes within any cell. In most
organisms, the somatic cells (body or non-reproductive cells) contain two sets of chromosomes - that is,
the diploid number of chromosomes (in humans this number is 46 or 23 pairs).
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Offspring inherit one set of chromosomes from the mother (maternal
chromosomes) and one set from the father (paternal chromosomes)
(Fig. 2.2). A fertilised egg or zygote arises as a result of the fusion of haploid
gametes, when the chromosome number changes from haploid to diploid.
The diploid zygote divides by mitosis to become an embryo with identical

-
)

Sperm (n) Egg (n Offspring (2n)

body cells that all have the diploid number of chromosomes.
FIGURE 2.2 The sperm and the egg are haploid If n=1set of chromosomes, then in humans, 7 =23. Human somatic cells
?:;:g;isc::)a:,give i el el e Epiling [ Skl are diploid (27) and have 46 chromosomes, whereas human gametes are
haploid (7) and have 23 chromosomes (as a result of meiosis). Fertilisation
of an egg by a sperm restores the diploid number (Fig. 2.3).

Mother's Father's
chromosomes chromosomes
2n = 46

Meiosis 0w

Eggcellsn =23 Sperm cells n = 23

Fertilisation
KNXX XX XX XK XX
Zygote 2n) = 46 KKXKKK KX XX XNKK XK XK XK
(fertilised egg cell) KK XK XK XK XX XX KX or XX XKKK XK XK XK XK
XX XK XK XK XX XXXK XK XK XK
KKXK XX XXXK XY
Mitosis

‘ v

Embryo lEach cell
is2n = 46
chromosomes

Q Ferale child d Male child

FIGURE 2.3 Maintenance of the diploid number during sexual reproduction in humans
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e Sexual reproduction requires the production of male and female gametes (sperm and ova) by
the process of meiosis (reduction division).

e Each gamete is haploid (n) - that is, it has half the normal number of chromosomes.

e The gametes fuse during the process of fertilisation to create a zygote (fertilised egg) with the
full diploid (2n) complement of chromosomes.

KEY CONCEPTS

e In offspring, 50% of the chromosomes come from the mother and 50% from the father.

e The cells of the zygote divide by mitosis, keeping the chromosome number constant, and the
resulting embryo continues to grow and mature into a new individual.

e Fertilisation and meiosis are reciprocal processes - that is, one is a fusion from haploid to
diploid, and the other is a reduction from diploid to haploid.

CHECK YOUR
UNDERSTANDING

Explain what is meant by each of the following terms: diploid, haploid, gamete, somatic cell, paternal,
maternal.

Distinguish between asexual and sexual reproduction.

Define reproductive success and ‘biological fitness. What is the difference between these two terms?
Give one advantage and one disadvantage of sexual reproduction.

What is meiosis? Why is this process important to a species?

o O N W DN

What is the importance of variation in a population?

Sexual reproduction in animals

Sexual reproduction is a mechanism that has evolved to ensure continuity of species. In animals, a
number of sexual reproductive strategies ensure that reproduction occurs effectively in the environment
in which an organism lives.

Most animals are unisexual - there are separate male and female individuals. However, a small range
of animals are bisexual or hermaphrodites, where each individual has both male and female reproductive
organs. Hermaphroditism can be advantageous to species with low population densities, or in animals that
are non-motile (such as coral), where finding a mate is difficult. The disadvantages of hermaphroditism
are that individuals must expend larger amounts of energy to grow and maintain two sets of reproductive
organs. Then if self-fertilisation occurs, the gametes carry fewer possible combinations of genes and
therefore the offspring will have less variation.

Other reproductive strategies include the type of fertilisation (internal or external), the number of
gametes produced, the timing of gamete release, where the young develop (outside or inside the body)
and the nature of parental care. If these strategies are advantageous within the particular environment in
which an organism lives, they can increase its reproductive success.

Fertilisation — external or internal?

In animals, the union of male and female gametes (sperm and ova) can occur outside the body (external

Invertebrates are
animals without
is that the gametes, each of which is a single haploid cell surrounded by a cell membrane, must meet a backbone, such
as coral polyps,
insects and snails.

fertilisation) or inside the body (internal fertilisation). The key to successful fertilisation of ova by sperm

and not dehydrate in the process. Therefore, external fertilisation is better suited to organisms that
reproduce in an aquatic environment (such as marine creatures) or a very moist environment (such

as earthworms), whereas internal fertilisation is typical of many terrestrial organisms (such as insects, Vertebrat
ertebrates are

animals with a
and freshwater environments (amphibians) and then evolved once vertebrates such as reptiles, birds backbone, such as

. . . . . . . fish, amphibians,
and mammals colonised the land and the air. The change in type of fertilisation (external or internal) is reptiles,pbirds and

consistent with the accepted sequence of species’ evolution. mammals.

lizards and kangaroos). Vertebrate sexual reproduction is thought to have started in the ocean (fish)
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The chances of successful external fertilisation are increased by synchronisation of reproductive
cycles, mating behaviours and the release of gametes. When fertilisation and development of the young
take place externally, there is little or no parental care. This means that less time and energy are required
of the parents, but a larger number of gametes must be produced to ensure that some young survive.
The advantage of external fertilisation is the wide dispersal of young. Some marine animals release their
gametes into the sea, and fertilised eggs are carried away to settle in an area far from their parents. This
reduces competition for food and living space, and also allows rapid recovery of populations away from
damaged areas.

Staghorn coral
Pheromones are

chemical substances Staghorn coral is an example of a colony of invertebrate marine animals (polyps) that achieve fertilisation
released by one by simply shedding millions of gametes into the sea (Fig. 2.4). Environmental cues, such as water
organism that have

an effect on another temperature, tides and day length, help synchronise the reproductive cycle. When polyps in one coral
organism. colony start to spawn, pheromones released along with gametes stimulate nearby individuals to spawn,

resulting in coordinated spawning over a
wide area.

During the mass spawnings of coral
on Australias Great Barrier Reef, the
number of gametes shed is so great
that, for a time, the sea turns milky.
Within one day, fertilised eggs develop
into swimming larvae. After a few
days at the surface, the larvae descend
to find a suitable site to form a new
colony. Although millions of staghorn
coral larvae are produced, almost
all are eaten by predators. Of the few
remaining, only a tiny proportion
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FIGURE 2.4 Staghorn coral (Acropora yongei sp.) releases bundles containing sperm and eggs. reach adulthood.

Bony fish

The females of most species of marine bony fish produce eggs (ova) in large batches and release them
into the water, where they fuse with sperm outside the body of the female. Because the gametes
disperse quickly, the release of large numbers of eggs and sperm from the females and males must
occur almost simultaneously. In most marine fish, the release of gametes is restricted to a few brief and
clearly determined periods. Although thousands of eggs are
fertilised in a single mating of bony fish, many of the resulting
offspring succumb to microbial infections or predation, and
few survive to maturity.

/FLPA/Minden Pictures

Amphibians

Amphibians invaded the land without fully adapting to
the terrestrial environment, and so their life cycles still
involve stages in water. Gametes from both males and
females are released in fresh water, such as ponds or
streams. In frog and toad copulation, the male grasps
the female and straddles her back, discharging fluid
containing sperm onto the eggs as they are released by

FIGURE 2.5 Copulation in frogs, where eggs are fertilised externally the female into the water (Fig. 2.5).
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An enormous number of gametes are
produced by amphibians, first to ensure
that many undergo fertilisation, and
second to ensure the production of a
large number of offspring. Because most
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amphibians provide no parental care,
the young tadpoles are easy prey and
not many survive to reproductive age.
Some frogs, such as the Southern
gastric brooding frog (discovered in forests
north of Brisbane in 1974 and recently

regIStered as eXtht)’ evolved spec1al FIGURE 2.6 A young froglet emerging from the mouth of a

adaptations to ensure survival of the female Southern gastric brooding frog (Rheobatrachus silus) after
developing in its mother’s stomach

young. The eggs of the terrestrial frog were
fertilised by sperm externally in a watery
environment, after which the female would swallow the eggs, and the young developed internally in
the female's stomach. In the stomach, digestive secretions ceased and the eggs settled into the stomach
wall, where they were protected and absorbed nutrients from the mother for about 6-7 weeks (during
which time the female did not eat). Young frogs were then regurgitated through the mouth (Fig. 2.6).
This mechanism provided some protection for the underdeveloped young from predation, infection
and dispersal, significantly increasing the chance of successful survival of the offspring. These animals
were unusual in having external fertilisation but internal development, and provide an extreme example
of parental care.

Internal fertilisation and parental care in animals

Organisms that undergo internal fertilisation tend to be adapted to terrestrial environments and
reproduce successfully on land. The internal environment for fertilisation not only protects gametes
from dehydration and loss to external elements, but also protects the fertilised eggs and developing
young from immediate predation. Therefore, with internal fertilisation, fewer eggs are required for the
survival of a sufficient number of offspring. The internally fertilised egg may develop a shell and be laid in
the external environment (oviparous) to complete its development (in reptiles and birds, for example), or
it may continue to develop inside the female’s body.

In most mammals, the fertilised egg becomes an embryo that is nurtured inside the female
parent’s body, obtaining nutrients through a placenta, and is born alive (viviparous development).
In rare instances, a combination of the
above occurs and eggs with yolk for
nourishment are retained inside the
mothers body until they are ready to
hatch. Newly hatched young are born
alive (ovo-viviparous, for example in some
snakes and sharks).

Reptiles

Most reptile eggs are fertilised internally
and then deposited outside the mother’s
body for development. During copulation
(Fig. 2.7), male reptiles use a tubular penis
to introduce sperm into the female.

I, R RS
FIGURE 2.7 Reptiles such as tortoises copulate, so the eggs are
fertilised internally.
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In crocodiles, fertilisation occurs
internally. ~ The  female  crocodile
(Crocodylus porosus) lays small numbers
of large yolky eggs in clutches along
the sandbanks beside the sea or a river
(Fig. 2.8). The eggs of most reptiles are
covered in a soft but tough leathery shell.
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Exceptions are tortoises, geckos and
crocodiles, which lay hard-shelled eggs.
The eggs contain sufficient food reserves
to last until the eggs hatch. The offspring
resemble miniature adults and are able to

FIGURE 2.8 After developing in a yolky egg, tiny crocodiles
(Crocodylus porosus) hatch.
crawl from the buried nest to the surface

and make their way to water, a journey that makes them vulnerable to predation. There is no parental
care of these young.

It interesting to note that the temperature at which reptile eggs are incubated often determines
whether the resulting individuals are male or female. At high temperatures, females hatch, even from eggs
in which the individual has male chromosomes. These females are able to lay eggs and reproduce like
normal females, despite being genetically male.

Birds

Courtship behaviour by birds may take place in flight or on the ground, but copulation takes place on
the ground, making the birds vulnerable to predators. Fertilisation is internal. Most male birds do not
have a penis, so during copulation, male and female birds rub the openings of their cloacas together and
sperm are transferred to the females body. In some larger birds (such as swans) the male cloaca extends
to form a ‘false’ penis. Once fertilised, the ovum passes along the oviduct and successive glands secrete
yolk, followed by protein (albumen, commonly called egg white) around it. A calcium carbonate shell is
then secreted and this hardens when the egg comes into contact with the air, directly after it is laid. The
hard shell distinguishes bird eggs from soft-shelled reptilian eggs and gives more protection. Most birds
incubate their eggs after laying them, to keep them warm, and exhibit parental care once the young
have hatched.

Mammals
Monotremes are

mammals, such as
the platypus and
the echidna, that lay
eggs but still suckle
their young.

The gametes of all mammals undergo
fertilisation internally. Mammals are divided
into three subclasses - monotremes,
marsupials and eutherians - based on the
subsequent development of their embryos.
Monotremes, such as the platypus and
the echidna, are oviparous. After internal
fertilisation, they lay eggs that develop
outside the mother’s body. Platypus parents
incubate their eggs in a nest, whereas

FIGURE 2.9 A young echidna with its mother echidnas place their eggs into an abdominal

pouch where they stay for about seven
weeks. The young hatchlings (puggles) obtain milk from their mother’s mammary glands by licking
her abdominal skin (Fig. 2.9).
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Young marsupials develop internally
forashort time after fertilisation and then
continue their embryonic development
in a pouch. Offspring are born at a very
young age and crawl up the mother’s
abdomen to the pouch (Fig. 2.10). In
favourable environmental conditions,
marsupials such as the kangaroo can
have three offspring at different stages
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of development at any one time — one
out of the pouch but still drinking milk,
one in the pouch attached to a nipple, |,
and a fertilised ovum at the blastocyst FIGURE 2.10 Kangaroos give birth to small foetuses, which complete
(ball of cells) stage in the uterus. The  theirdevelopmentina pouch.

development of the youngest is triggered

when the second-youngest detaches from the nipple and leaves the pouch. Because milk production in
kangaroos lasts much longer than a pregnancy, it is necessary to delay development of the new embryo

until the older one is no longer suckling. This delay in development, termed embryonic diapause, is
another strategy to increase chances of survival.

The red kangaroo has a special reproductive adaptation to ensure survival of the young in times of
drought. If the mother is unable to produce sufficient milk to sustain a joey attached to a nipple in the
pouch, this joey dies and a newborn individual will enter the pouch a month later. The tiny newborn
requires far less milk for the first few weeks in the pouch. This strategy ensures the continuity of young
who are ready for development when the drought ends and allows very rapid population growth when
conditions are good. However, in prolonged drought conditions, kangaroos stop breeding and only begin
again when rain triggers a hormonal response in the female. This very effective mechanism restricts
reproduction to times when conditions favour survival of the young,

Eutherians, otherwise known as placental mammals, include dingoes, rodents (such as rabbits,
rats and mice), domesticated animals (such as dogs, sheep and cattle) and humans. Following internal
fertilisation, the young completes its embryonic development inside the body of the mother in a
special organ, the uterus, which nurtures and protects the embryo. Once one or more fertilised eggs
implant into the uterine wall, a placenta develops, connecting the young to a supply of nutrients and
oxygen that passes from the bloodstream of the mother to the developing young (Fig. 2.11). Excretory
wastes such as nitrogenous wastes and
carbon dioxide from the embryo diffuse
across the placenta to the mother’s v TR el Amniotic
body, where they are excreted along with R 4
the mother’s own wastes. The mother
gives birth to live young that are mature
and therefore have a greater chance
of survival. This type of development,

Leemage/Corbis Historical/ Getty Images

where live young are born, is described o

as viviparous. Placental mammals Umbilical

produce one to a few young at a given cord «*

time and they invest a large amount of

energy in parental care, increasing the

chance of survival of the young. FIGURE 2.11 Human embryo developing in a uterus attached to a

placenta
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Internal and external fertilisation in animals are compared in Table 2.1.

TABLE 2.1 Comparison of internal and external fertilisation in animals

DIFFERENCES

CHARACTERISTICS EXTERNAL FERTILISATION INTERNAL FERTILISATION SIMILARITIES

Gametes Large numbers of male and female | Large number of male gametes and | Male and female gametes
gametes produced fewer female gametes produced required - sperm and eggs (ova)

Union Occurs in open water Occurs inside the reproductive tract | Sperm fertilise the eggs when they
environments of the female in organisms that live unite

mostly or completely on land

Conception Simultaneous release of gametes Copulation: the male inserts sperm Sperm will fertilise eggs when
mechanism into the female’s reproductive tract in very close proximity to each
via penis or cloaca other; gametes require a watery

environment for this to occur

Chance of Low, because male gametes are High, because male gametes are If male and female gametes are
fertilisation released into a large open area released into a confined space in close proximity to each other,
where there is less chance of where there is more chance of fertilisation will usually occur
successfully uniting with female successfully uniting with female
gametes gametes
Environment for Usually external, in a watery Usually internal, in a very protected | Zygote requires a watery
zygote environment that is vulnerable to environment inside the female’s environment for development
environmental elements such as body. Temperature is controlled and
temperature, predation, infection there is less chance of predation,
and rapid dispersal from the area infection and loss of zygote from
the area
Number of Usually a larger number than in A smaller number of offspring than Zygote number is determined by
offspring/zygotes | internal fertilisation, but many in external fertilisation, because the number of sperm and ova that
zygotes perish and so a smaller very few perish (higher success rate) | successfully fuse
number of offspring survive
Breeding More frequent than in internal Seasonal and less frequent than in Breeding frequency depends
frequency fertilisation due to the lower external fertilisation due to higher on the requirements of the
fertilisation success rate fertilisation success rate and greater | species and the favourability of
energy costs environmental conditions
Parental Usually no parental care Parental care of eggs and/or Parental investment is indirectly
investment developing young is more common | proportional to the number of

gametes produced

e Fertilisation is the union of male and female gametes and may take place externally or
internally.

e External fertilisation occurs in aquatic or moist terrestrial environments, to prevent
dehydration of gametes. Gametes must be produced in large numbers to ensure success.

KEY CONCEPTS

e Internal fertilisation takes place inside the body of the female and involves mate attraction and
copulation, which require energy investment and put the organisms at risk of predation, but
fewer eggs need to be produced.

External fertilisation occurs in most invertebrates and some vertebrates (fish and amphibians).

Internal fertilisation occurs in some invertebrates (insects and snails) and most vertebrates
(reptiles, mammals and birds).

e Other mechanisms that increase the chances of survival and continuity of species include
nourishment for the developing young and parental care.

42 MODULE FIVE » HEREDITY 9780170485067



9780170485067

Describe the conditions under which asexual reproduction is advantageous, using a named example.
What are the advantages and disadvantages of sexual reproduction?

Give examples of one vertebrate and one invertebrate that have external fertilisation. Explain how they
ensure the gametes meet.

4 Give examples of one vertebrate and one invertebrate that have internal fertilisation. Describe the habitat
in which they live.

Describe the features of internal and external fertilisation that are similar and those that are different.
Give two advantages and two disadvantages of internal and external fertilisation.

CHECK YOUR
UNDERSTANDING

Sexual reproduction in plants

Sexual reproduction in plants also relies on the successful fusion of male and female gametes. However,
in plants, this fusion is more difficult because plants grow in the ground and cannot move. The broad
range of plants on Earth, from less advanced plants such as mosses and ferns to cone-bearing plants
(gymnosperms) and flowering plants (angiosperms), have developed a range of reproductive strategies to
ensure the continuity of species. These strategies include relying on external agents to carry the gametes
from one parent to another, commonly called pollinating agents. Plants also rely on external agents to
disperse their seeds (wind, water and animals, for example) and, because they do not have the ability to
move away from extreme heat or cold, they have other survival strategies for seeds once they land.

As early angiosperms evolved, advantageous features in flowers that resulted in more successful
pollination would have been selected by natural means, and these features would have been retained
within populations, leading to the great diversity of flowering plants today.

To understand the process of sexual reproduction in plants, it is necessary to examine the structure of
flowers, which are the reproductive organs of plants. A flower contains either female reproductive parts
(carpel or gynoecium), male reproductive parts (stamens) or both, in addition to their non-sexual parts
(petals and sepals) (Fig. 2.12).

["Anther - where pollen
grains are formed Stigma — sticky top surface
of the flower, to which

pollen adheres. May be

Filament - stalk that carries

Stanlﬂen the anther. The length relatively small and smooth
(male parts— - jo10mines whether the (in insect-pollinated plants)
of the flower)

anthers are contained inside
the petals for insect
pollination or hang outside
for wind pollination

or large and feathered
(wind-pollinated plants)

Style — joins the stigma

;
Petals — a whorl of leaves to the ovary

modified to increase the
likelihood of pollination. They are
often brightly coloured and
scented to attract pollinators,
and may have complex shapes to
facilitate entry of particular
pollinators to the flower

Ovary-where ovules
are formed

Sepals - a whorl of modified
leaves, often green. Main
function is to protect the
Receptacle - reinforced base of unopened bud
the flower, which supports the
weight of the reproductive

structures

FIGURE 2.12 Top view and longitudinal section through a flower (male parts labelled in blue and female parts in red)

— Carpel
(female parts
of the flower)
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In order for fertilisation to occur, the male gametes inside pollen
must be carried from the anthers to the female part of a flower, called the
stigma. This process of gamete transfer is called pollination. Once pollen
has been deposited on the stigma, a pollen tube germinates and grows
down the style, carrying inside it the male gamete (sperm cell) to an
ovule contained in the ovary (Fig. 2.13). In flowering plants, fertilisation
occurs internally inside the ovary.

Stigma

Pollen tube —__||

Pollination, fertilisation and seed production

Plants are dependent on agents such as wind, water and animals to
carry their pollen, from the anthers of one flower to the stigma of a
flower either on another plant (cross-pollination), or on the same
plant (self-pollination). Cross-pollination ensures greater variation in
the offspring. A strategy that is seen in some plants to favour cross-
Placenta = pollination rather than self-pollination is for the plant’s pollen to mature
at a different time than its stigma.

FIGURE 2.13 The pathway During fertilisation, the sperm cell that was transferred by the pollen
taken by a pollen tube as it . o .

grows from the stigma to the tube fuses with the egg cell (ovum) inside the ovule in the female part of
OEL the flower. The fertilised ovule develops, protected within the ovary. The
ovule containing an embryo is now termed a seed and the surrounding
ovary grows to become a fruit (Fig 2.14).

FIGURE 2.14

Sexual reproduction Me|95|s
life cycle in flowering 4
sl /7 Anther N
y A of \  Pollen *
stamen grain
) ( Egg cell
(haploid)
” Male gametes , Ovule
Stigma (haploid) \
of Petal ¥ ¥
gynoecium Sepal Fertilisation

Flower

talk
*e Embryo (diploid)
Seed

Seed is dispersed

Mitosis

7

Germination
of diploid
embryo
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Self-pollination versus cross-pollination

In plants, self-pollination requires less energy as there is no requirement for the plant to produce
structures to attract pollinators, such as brightly coloured petals or nectar. These plants can grow in
areas where insects or other animals that visit plants are absent or very few in number.

Plants that undergo cross-pollination rely on outside agents to transfer pollen from anthers to
stigmas. These may be abiotic agents such as wind or water, or biotic agents such as insects, birds and
mammals. As flowers become increasingly specialised, so do their relationships with pollinating agents.

Pollination by wind

Many angiosperms are wind pollinated and their flowers are small, greenish
and odourless, with reduced or absent petals. The flowers are grouped together
in fairly large numbers and may hang down in tassels that blow around in
the wind and shed pollen freely (Fig. 2.15). Many Australian grasses are wind
pollinated. In these species the anthers are very long and produce large amounts
of light pollen, which is easily picked up by the wind passing over the flowers.
Usually the stigmas are also very large and spread out in a feathery manner to
trap pollen carried by wind.

Wind pollination is very inefficient, so large quantities of pollen are produced.
Different pollen grain structures between species ensure compatibility within the
same species.

NNehring/E+/Getty Images

FIGURE 2.15 Small, wind-pollinated grass
flowers (Lolium perenne)

Pollination by animals

Flowers that attract animals are more effective in ensuring the transfer of pollen and, therefore, the
reproductive success of that species. Special adaptations in the flower are of considerable advantage,
because a one-to-one relationship between a plant and an animal species reduces wastage of pollen
by ensuring that it is deposited on the correct flower. Animals such as insects, birds and mammals
that act as pollinators search in flowers for a reward, such as a meal of nectar (a sugary liquid secreted
by nectaries in the flower) or pollen. During this search, pollen rubs onto their bodies and is then
transferred to the next flower they visit. Flower scent, colour, markings, shape and nectar are important
in attracting animals, all differing between each flower species and adapted to the type of animal they
attract (Table 2.2, Fig. 2.16).

TABLE 2.2 Comparison of wind-, bird- and insect-pollinated flowers

FEATURE
OF FLOWER | WIND-POLLINATED FLOWERS BIRD-POLLINATED FLOWERS INSECT-POLLINATED FLOWERS

Petals Small and inconspicuous, usually Usually large and colourful, red Usually large and colourful (yellow or
green or dull in colour or orange, often a tubular shape, blue); may be shaped to encourage
sometimes no petals at all specific pollinators
Scent Usually absent Rarely fragrant because birds have Often present because insects are
little sense of smell highly attracted to scents
Nectar None Large amounts of nectar produced in | Sometimes produced at base of petals,
nectary at base of flower so insect must enter the flower to reach
the nectar
Anthers Anthers protrude outside the flower, Anthers are commonly lower than Enclosed within flower, commonly
so pollen is easily blown off by the stigma, colourful, and may not be lower than stigma
wind; abundant pollen is produced enclosed by petals
Stigma Stigma protrudes from the flower, Higher than anthers, sometimes Enclosed within flower, sticky, and
is often long, feathery and sticky, to not enclosed by petals and often commonly higher than the anthers
increase surface area for trapping colourful
wind-borne pollen
Pollen Very small grains, light and powdery; | Sticky or powdery pollen; small Relatively large grains and often sticky;
large amounts produced amount produced small amount produced

9780170485067
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Some Australian flowers (Callistermon - bottlebrush, Banksia and Grevillea species) are pollinated by
small mammals such as bats, possums, pygmy possums and small rodents (Fig. 2.16).

FIGURE 2.16
Examples of native
animals and insects
pollinating flowers;

a the red colour of
the New South Wales
waratah (Telopea
speciosissima) attracts
birds as pollinators;

b a blue-banded

bee pollinating a
purple flower (bees
cannot see red; they
are attracted to
flowers in the blue
and yellow range);

€ a hammer orchid
(Drakaea glyptodon)
mimics a female wasp;
male wasps act out
mating behaviour
with the orchid flower,
effecting pollination;
d the Australian
honey possum
(Tarsipes rostratus)
pollinates flowers
while feeding on
nectar.
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Seed dispersal

After pollination and fertilisation of the flowers of a plant, seeds (fertilised ovules) from inside the ovary
are dispersed (Fig. 2.17). It is an advantage for seeds to be dispersed over a wide distance, as this helps
prevent overcrowding and competition for light, water and soil nutrients. Widespread distribution also
increases the chances of continuity of the species in other locations, in case there is a sudden change
in the local environment, such as fire or disease. Australian native plants have evolved a variety of
adaptations to increase the chance of successful dispersal of their seeds.

Dispersed by animals Dispersed by wind Self-dispersed
Adherent fruits Fleshy fruits
Medicago Solanum Asclepias S
po ycarpa dulcamara syriaca Papaver
(] s (poppies)
Acer
Bidens Juniperus saccharum
frondosa chinensis
Impatiens
/| (balsam)
Ranunculus Terminalia A L
. Rubus sp. .
muricatus ‘ P calamansanai \&

FIGURE 2.17 Adaptations of different types of seeds to facilitate their dispersal
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The success of seed dispersal depends on the type of agent that the plant relies on. Fruits may be dry
(such as banksia pods, gum nuts) or fleshy (such as apples, dragon fruit) (Fig. 2.18). Dry fruits often have
inbuilt ‘explosive’ mechanisms for dispersal by air, wind or water (abiotic agents). They are usually light
so that they can float on air or water. Fleshy fruits often rely on insects, birds or mammals for dispersal
(biotic agents) — the animals eat the fruit, move along and then egest the seeds, usually some distance
away from the parent plant.
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Pod Capsule Follicle Follicle
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FIGURE 2.18 Examples of dry and fleshy fruits: a pods or legumes of Acacia; b capsules of Eucalyptus; ¢ follicles of Banksia;
d follicle separator (Banksia) — when wet it pulls the two seeds out of the fruit; e the seeds of fleshy fruits such as
strawberries, blueberries, kiwifruit and dragonfruit are contained within a fleshy ovary (fruit).

Germination

The plant embryo inside a seed is in a dehydrated form and is dormant, to allow the seed to survive
adverse conditions. If the seed lands in suitable soil that provides sufficient water, oxygen and warmth, it
germinates - that is, the embryo begins to grow, producing a radicle or young root to absorb water and
soil nutrients, as well as a plumule or young stem, which develops green leaves for food production by
photosynthesis. Once the seedling becomes established, it grows and develops into an adult plant that
can begin the reproductive cycle once again.

e Sexual reproduction in plants involves external agents of pollination and seed dispersal, such
as wind, water, fire (abiotic) and animals (biotic).

e Pollination mechanisms in plants include self-pollination (to ensure survival if reproductive
partners are scarce) and cross-pollination (to increase genetic variation and ensure survival if a
sudden environmental change such as disease or drought occurs).

KEY CONCEPTS

e The life cycle of a plant involves pollination, fertilisation, seed dispersal and germination.

e Seed dispersal relies on the type of fruit in which the seeds occur matching the type of
dispersal agent available in that environment.
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e Advantages of sexual reproduction:
- New gene combinations are created and so, by selection, some individuals may survive in the
face of sudden environmental change.
- Harmful mutations may be removed from the population.
- Offspring may differ in their requirements due to the variation in the population and so
there may be less competition for the same resources among offspring.
e Disadvantages of sexual reproduction:
- Itis costly in terms of time, energy and bodily resources.
- Two organisms are required.

CHECK YOUR
UNDERSTANDING

List the male reproductive parts of a flower and describe the function of each part.

Draw and label the female reproductive parts of a flower and describe the function of each part.
Distinguish between pollination and fertilisation in plant reproduction.

Describe the pollination mechanism of two named Australian plants.

g1 N O N =

Identify two ways in which the reproductive structures differ between wind-pollinated and insect-
pollinated plants.

o~

Name the structure that each of the following develops into after fertilisation: ovum, seed, ovary wall.
Identify two methods of seed dispersal in named Australian plants.

Asexual reproduction -
only one parent

Asexual reproduction means not sexual reproduction. The name tells us that it does not involve gametes
(sex cells). Only one parent is required and all the genetic material in the offspring is passed down from
this single parent. The result is that offspring are genetically identical to the parent and to each other.
There is no production or fusion of gametes, and no mixing of genetic information to introduce variation.
This has advantages and disadvantages. In unicellular organisms, asexual reproduction is the main form
of reproduction. In multicellular organisms, sexual reproduction is more common.

The advantage of asexual reproduction is that it enables organisms to reproduce quickly without having
to find a mating partner. For plants, which are immobile, finding a mate is complicated. Being genetically
identical may give organisms a competitive advantage if they live in an environment to which they are
particularly well adapted. Asexual reproduction among plants is more common in harsh environments
where organisms are so specific that there is little benefit in having variation within the population. In these
habitats, when favourable conditions arise suddenly, organisms can reproduce quickly and effectively.

Selective pressures that make asexual reproduction more effective than sexual reproduction include:

» ashortage of food and/or other resources — asexual reproduction uses less energy to produce offspring
» asmall mating population and/or time and other constraints on finding a mate — only one parent is
required for asexual reproduction.
The main disadvantage of asexual reproduction is that, with little or no variation in the population,
the whole group (or species) is particularly vulnerable to sudden changes in the environment, such as
drought, disease, or a new parasite or predator. Changes such as these may result in the survival of few,

>, if any, individuals.
R Many organisms, including protists, fungi and plants, alternate between sexual and asexual
Weblink reproduction as a normal part of their life cycle. This mechanism, known as an alternation of generations,
Alternation of involves a sexually reproducing, gamete-bearing generation alternating with an asexually reproducing,

generations in plants . .
spore—bearlng generatlon.
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Have you ever planted the cut-off tops of carrots, beetroot or strawberries and discovered that they
produce roots and grow into new plants? Or perhaps you have seen the runners that grow out of the
ground in strawberry patches or around raspberry bushes. These are examples of asexual reproduction.
New individuals arise from portions of the roots, stems, leaves or buds of adult individuals and are
genetically identical to their parent. This type of asexual reproductive process is referred to as vegetative
propagation.

Vegetative propagation

Some adult plants produce vegetative organs, such as
bulbs, tubers, rhizomes and suckers, from which new
plants can arise. This is equivalent to cloning an adult
plant, as the offspring are genetically identical to the
parent. Perennating organs (from the word perennial,
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meaning returning year after year) are underground
organs such as roots or stems that contain enough
stored food to sustain the plant in a dormant state,
from one season to the next. These organs allow plants
to survive adverse conditions such as extreme cold in
winter or drought in summer. Even though the parts
of the plant above the ground may die, the remaining
underground organs develop buds that begin to grow
once favourable conditions return. Buds on deciduous
trees are also considered to be organs of perennation.
In addition to being a way of surviving from one
year to the next, perennating organs, when separated,

FIGURE 2.19 Potatoes develop tubers from swollen
regions of the stem. New plants may also grow from
give rise to new plants and so they are a form of asexual the buds (‘eyes’) of a potato.

reproduction. Gardeners often exploit this by splitting
bulbs, cutting up rhizomes or runners, and taking
cuttings of shoots from stems to grow new plants.

Vegetative propagation techniques are often used in agriculture — in growing perennial crops
such as seedless grapes, watermelons and mangoes. This increases the production of crops when
seeds are unavailable and/or difficult to germinate. Asexual reproduction is also used if plants have
specific desirable traits that farmers want to perpetuate in future generations. Some common naturally
occurring examples of vegetative propagation are described below.

Runners — modified stems

Runners are long, thin, modified stems that grow along
the surface of the soil. In the cultivated strawberry, for
example,leaves, flowersandrootsare produced at every
alternate node on the stem runner. Just beyond each

Itis important
to identify the
organ that has
the modification.
For example,
the runneris a
modified stem,
and the sucker,
on page 50, is a
modified root.

second node, the tip of the node turns up and thickens,
producing new roots and a new shoot that continues
the runner. Another example is spinifex (Fig. 2.20), a
grass that has long stems that grow horizontally along
the surface of the soil. At each node, leaves and roots
are produced and so the runner can be subdivided into

o ) ) ) FIGURE 2.20 Spinifex is a type of grass (Spinifex
new plants. Splnlfex ensures its survival by sendlng out hirsutus) with surface stems (runners) producing new
leaves and roots (plantlets) at each node.

runners in harsh dune conditions such as high wind
erosion, high salinity and high temperatures.
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FIGURE 2.21

New fern plants
can grow when
the rhizome (stem)
is fragmented at
the nodes.
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Rhizomes — modified stems

Underground horizontal modified stems, or rhizomes, are characteristic of ginger, ferns such as bracken
fern, and many grasses. They can give rise to a new shoot at each node. Gardeners often propagate ferns
by splitting the rhizomes (Fig. 2.21).

Suckers — modified roots

The roots of some plants produce modified roots called suckers or sprouts, which give rise to new plants.
Trees and shrubs that sucker, such as reeds, wattles and blackberries, can spread quickly into a vacant
patch of habitat after disturbance. The colony wattle (Acacia murrayana) (Fig. 2.22) sends up shoots
from the outer roots and these grow into separate plants if the parent shrub dies. This allows for rapid
regrowth after a decline in numbers (after a bushfire or a drought, for example).

Apomixis
Some plants are able to produce offspring from special generative tissues, without involving fertilisation
or the production of seeds, a form of reproduction known as apomixis. This generative tissue’ may be
in the form of gametes, such as in unfertilised ovules, or non-reproductive tissue such as leaf tissue
(Fig. 2.23). It is termed generative tissue because it gives rise to plantlets that can produce asexual seeds.
Apomixis is seen in plants such as kangaroo grass (Themeda triandra), lemon and orange trees (Citrus)
and dandelions. Plantlets such as those that arise on leaves (Fig. 2.23) and their seeds grow into individuals
that are genetically identical to their parent. The advantages of apomixis are that multiplication is rapid
and the plantlets are able to produce seeds, increasing seed dispersal, an adaptation usually associated
only with sexual reproduction. The disadvantage is the lack of variation that is typical of reproduction
that involves two parents.

Apomixis alsoincludes parthenogenesis in animals, a type of reproduction in which the new individual
develops from an unfertilised egg produced by a female. You will have the opportunity to research this
further in Investigation 2.2.
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FIGURE 2.22 The colony wattle
(Acacia murrayana) regenerates after
drought or bushfire.

FIGURE 2.23 Asexual reproduction by apomixis: Kalanchoe plantlets
budding along the leaf margins

TABLE 2.3 Examples of the advantages of asexual reproduction

EXAMPLE ASEXUAL REPRODUCTION MECHANISM | WHY IT IS AN ADVANTAGE

Spinifex grass Enables reproduction in harsh conditions, requires
less energy to reproduce by runner, and is very rapid

Stem runners put out leaves and
roots at nodes along the ground

Rapid, and large numbers can be reproduced
quickly, an advantage when rapid recovery is needed
after a decline in numbers (e.g. fire or drought)

Colony wattle Shoots grow from outer roots
(suckers) and develop into

separate plants



A practical and secondary-source investigation to examine organs
of perennation in plants

You are required to:

9780170485067

examine organs of perennation in plants growing in your local area and/or in your garden at home

Literacy

conduct secondary-source research using a variety of sources to identify different types of perennating
organs and how the modifications are adaptations to promote the continuity of the species

present your findings in the form of a poster.

The poster you create will detail two examples of perennating organs that allow asexual reproduction in
plants. The examples you select must include no more than one of each organ - root, stem or leaf. You may not
use the organ outlined in the worked example below.

In the description on your poster, include:

type of organ

a scientifically named plant in which the organ occurs
a labelled diagram of the organ, identifying plant tissues that:

store food

contain buds or other structures that give rise to new plants.

a table in which you:

explain how the organ of perennation gives rise to new plants

discuss the advantages and disadvantages of the organ of perennation in terms of the survival of

the species.
Some organs of perennation that you may wish to consider are:
bulbs, corms and tubers epicormic buds
rhizomes runners and suckers

WORKED EXAMPLE @

organs of apomixis.

ANNOTATED DIAGRAM AND DESCRIPTION OF AN ORGAN OF PERENNATION
Annotate a diagram of a perennating organ and explain the advantage of the organ of perennation to

the survival of the species.

ANSWER

f

Leaves

Bulb#

Main bud ]

Scale leaves
store food

Basal plate Axillary buds
(stem) give rise to
Roots new plants

Plant: Allium cepa

FIGURE 2.24 Stem bulb: onion (organ of perennation)

LOGIC

Draw or insert a diagram.

Label all parts of the organ of perennation.

Annotate the part that stores food.

Annotate the part that contains buds.

Name the plant and the organ of
perennation.
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ANSWER LOGIC

An onion is a stem bulb with fleshy leaves. The stem is reduced toa | ® Describe the organ of perennation
short disc, the basal plate. Roots grow on the lower surface of the
disc and leaf bases on the upper surface.

Axillary buds occur at nodes where the leaves attach, and these = Describe where the buds are.
buds can develop into new bulbs.

If an onion bulb is planted, within a year or two there will be several | = Explain the advantage of the organ of
bulbs in that place. These can be separated and re-planted to perennation to the survival of the species.
produce new plants.

Scientists often use

yeast for genome

studies, because Itis not only members of the plant kingdom that undergo asexual reproduction. This type of reproduction
yeast is a simple
eukaryote with
similar cellular identical. Mechanisms of asexual reproduction in animals include budding, binary fission, sporogenesis,
organisation and
processes to
those of complex

is common in other organisms where it is advantageous for the parent and young to be genetically

fragmentation and parthenogenesis.

multicellular Buddmg
organisms such as
humans. The yeast In reproductive budding, an adult organism gives rise to a small bud, which separates from the parent and

genome was the . T
first to be sequenced grows into a new individual.

(in 1996). Yeast are microscopic unicellular organisms that are
classified as fungi, along with macroscopic moulds and
mushrooms. There are hundreds of species of yeast; those
with which you may be familiar are baker's and brewer’s
yeast (different strains of the same species, Saccharomyces
cerevisiae) and the less useful Candida albicans, which causes
digestive disorders and thrush in humans.

The cells of bakers yeast are oval-shaped and, when
environmental conditions are favourable, a small outgrowth
or bud develops on the parent cell. As this outgrowth
enlarges, the parent cell replicates its DNA, the nucleus then
divides and one copy moves into the bud or daughter cell.
When the daughter cell reaches a certain size, it detaches
from the parent cell and continues to grow, until it buds in
turn. This continues as long as there are sufficient nutrients
in the environment. Sometimes the buds do not break away
from the parent cell and a chain of cells forms (Fig. 2.25a). The
cell cycle of division in yeast is similar to that of human cells
(Chapter 3). Yeast cells can replicate every 90 minutes and
their numbers increase exponentially.

Yeast cells are also capable of sexual reproduction, but this
is only triggered if there is a lack of nutrients. Yeast cells are

Photo Library
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FIGURE 2.25 aBudding in yeast, where unusual because they can exist in the haploid or diploid form,
daughter cells remain attached to the d both £ cell d v by buddi

parent cell; b hydra budding by producing a and both types ot cells can reproduce asexually by budding,
multicellular outgrowth from the side of the This makes them extremely useful in genetic studies. The

t's bod R . . .
LR/ diploid form is more resistant to harsh environmental
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conditions and can form spores that germinate when favourable conditions return, creating haploid ot

yeast cells once again. "<
Budding also occurs in some multicellular organisms, including jellyfish, hydra (Fig. 2.25b) and

grooved brain coral (Fig. 2.26). When conditions are favourable, the cells of the parent divide by mitosis Veast: a":z‘;g’::imental

and grow into a multicellular outgrowth, which develops into a smaller but identical individual or bud. organism for 21st

century biology

This bud detaches from the parent and grows into a reproductive adult. One advantage of budding
is that, if there is no variation in the environment, the identical offspring will always be adapted
to their surroundings and survive to reproduce successfully. However, if the environment changes
(for example, if a new disease or pest enters), the entire species may rapidly decline and die out.
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Binary fission

The term binary fission means splitting (fission) into two (binary). This is the main method of asexual
reproductionin unicellular organisms such as bacteria (prokaryotes) and protists (unicellular eukaryotes).
A newly divided cell grows to twice its size, replicates its genetic material (DNA) and then splits into two
cells with identical genetic material (Fig. 2.27). This may seem simple, but for successful reproduction
and survival, the timing of division is crucial and each individual must retain a complete and exact copy
of the genetic material.
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FIGURE 2.27 Transmission electron micrograph of the
bacterium Listeria dividing into two by binary fission (x9800)

9780170485067 CHAPTER 2 » SEXUAL AND ASEXUAL REPRODUCTION §3




Binary fission in bacteria

When reproducing asexually, a bacterial cell can double in number every twenty minutes in favourable
environmental conditions, thereby ensuring a rapid increase in numbers.

The prokaryotic cell grows to full adult size, then replicates its single DNA molecule and each copy of
the DNA attaches to opposite ends of the cell membrane. A range of proteins accumulate at the centre of
the cell and play a role in pinching off the cytoplasm and in ensuring that the DNA is not damaged in the
process. A new cell wall is then synthesised in the area of cell cleavage. The new cells grow to full adult
size before they divide again. The timing and sequence of the steps are closely controlled in the cell cycle.

Researchers are interested in finding out more about the regulation of binary fission in bacteria, as it

~y, may help them develop synthetic chemicals or find new antibiotics that interfere with the process of binary
“e fission in pathogenic (disease-producing) bacteria, leading to new ways to combat bacterial infections.
A few bacterial species use other patterns of cell division to reproduce. Some bacteria grow much
Repl’gﬁ'jﬂ';‘;n in larger than the adult size and undergo multiple divisions, producing many offspring from one original
bacteria cell, while others reproduce by budding.
Binary fission in protists
Fg‘rtr?;'; ;r’:‘;rzpid”eda'l‘i Protists are unicellular eukaryotes that reproduce asexually by a type of binary fission (Table 2.5). This
with in more detail involves mitosis and the formation of a spindle within the cytoplasm ofthe cell to distribute chromosomes
in Chapter 3. equally.

Amoeba is a single-celled organism that moves through water or damp soil by cytoplasm flowing
out into long extensions of the cell called pseudopodia. It reproduces asexually by binary fission but,
in adverse environmental conditions, it may form a cyst and then divide by multiple fissions inside
the cyst, forming many identical cells that will be released when favourable conditions return. Binary
fission in amoeba is termed ‘irregular’, as the cell is asymmetrical and division can occur along any
plane (Fig. 2.28a).

TABLE 2.5 Types of binary fission in protists (Fig. 2.28 a-d)
TYPE OF BINARY FISSION CLEAVAGE PLANE EXAMPLE OF PROTIST
Longitudinal Lengthwise Flagellate forms, e.g. Euglena
Py ', Transverse Crosswise Ciliate forms, e.g. Paramecium
(L
Oblique At an oblique angle Ceratium
Bin"::,bfl:g;m Irregular Along any plane Amoeba

FIGURE 2.28 Binary

fission in protists:
airregular cleavage in
Amoeba;
b longitudinal
cleavage in Euglena;
c transverse cleavage
in Paramecium;
d oblique cleavage in
Ceratium
Fission
Amoeba
Paramecium

Euglena .
Ceratium
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Binary fission has the advantage of enabling rapid population growth over a short period of time
in adverse conditions, as it requires only one parent. However, the main limitation is that no genetic

diversity is generated. Pathogenic
Some protists are pathogenic and have a life cycle in two stages, one in an insect vector and one in a protists that
. . , . . . belong to the
mammalian host. For example, in Plasmodium species that cause malaria, there are stages in both the group (phylum)
vector and the host that are able to reproduce asexually by fission. The parasite reproduces sexually in protozoa and
. . . their life cycles
the mosquito, and both sexual and asexual reproduction occur in a human host. are dealt with in
more detail
in Chapter 12,
Spores pages 419-20.

Some organisms rely on spore production
to reproduce. Spores are tiny, unicellular
reproductive cells that are produced in
great numbers by organisms such as fungi
(moulds and mushrooms, for example) and
some plants (mosses and ferns). Structures
called sporangia (Fig. 2.29) produce very
large numbers of spores, which are light and
easily dispersed, travelling long distances
by wind. Spores effectively expand the
distribution of the species and are able

The Kingdom
Protista is divided
into phyla that
include protozoa,
slime moulds and
algae.
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to colonise new environments. Unlike a
gamete, aspore does not need to. fu.se. with FIGURE 2.29 Bread mould, showing hyphae (white) and
another cell to produce a new individual. sporangia (black)

Spores also differ from seeds, as each spore

is a single cell and therefore does not contain an embryo or a food supply. In terms of evolution, evidence
shows that seed-bearing plants arose later than spore-bearing fungi and plants.

Multicellular fungi such as mould and mushrooms are made up of threads or filaments called hyphae
(Fig. 2.29) that are branched and interconnected, forming the main fungal body, called the mycelium
(plural mycelia). These threads may grow underground, or in dead and decaying matter. Unlike plants,
fungi lack chlorophyll and do not photosynthesise, so they can grow in the dark. Their type of nutrition -
either saprophytic (obtaining organic nutrients from dead and decaying matter) or parasitic (obtaining
organic nutrients from living hosts) - allows fungi to colonise aerobic damp, dark environments where
there is less competition for nutrients and water.

An example of spore formation in a fungus occurs in the black mould Rhizopus nigricans, which is
similar to the pin-head mould Mucor and the antibiotic-producing mould Penicillium. These fungi are
multinucleate, because there are many nuclei in the hyphae, with no cross walls to separate them into
individual cells.

When environmental conditions are favourable, fungi reproduce asexually (Fig. 2.30). They develop
large numbers of spore-producing units or sporangia, which grow upwards and are visible as the grey-
green part of mould seen on bread, fruit and sometimes even leather. Sporangia develop as specialised
tips of hyphal threads. They have numerous haploid nuclei, which develop into microscopic spores that
are white at first and then turn black as they ripen. Each spore has several nuclei and some cytoplasm,
surrounded by a wall. Spores are produced in enormous numbers and are extremely light, enabling
widespread air dispersal. They carry genetic material identical to that of the parent. Under favourable
environmental conditions, fungal spores germinate, absorbing water through the wall, which activates
the cytoplasm to grow. Nuclear divisions occur, more cytoplasm is produced and the spore grows into
a new mycelium. This process enables fungi to reproduce rapidly, colonise a wide area and ensure the
continuity of the species.
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FIGURE 2.30
Asexual reproduction Sporangia (n)

DV e
in a fungus such ms BB o ©
as Rhizopus (bread S 08
mould) fQB 0
Sporangium Q @0
ruptures, QS ores
releasing p(
spores x
Stolon
Spore
germinates
Hyphae Hyphae
(rhizoids)
«l
’ Ky
Hyphae (n)
Weblink
Spores

Watch how sporangia
release spores.

If a fungus is well adapted to a particular habitat, it is advantageous for it to conserve its genome and

not introduce changes, such as those that would arise through sexual reproduction. Other advantages
«l

Ky of asexual reproduction are that the fungus requires fewer nutrients and expends less energy. Retaining
its adaptive advantage through asexual reproduction ensures the continuity of the species in its habitat.
Weblink However, changes in the environment will induce a sexual reproductive phase in fungi. During

Advantages of asexual

reproduction in fungi sexual reproduction, the hyphae of two different mating types fuse, before forming a sexual reproductive

fruiting body that will have spores with different combinations of genetic material.

Practical investigation of
asexual reproduction (budding,
binary fission, spore formation,
propagation) in living organisms

Revise skills, risk
assessment and

safety for using a INTRODUCTION

microscope from
your Yearpﬂ work. Most of the living organisms you will study in this

practical undergo asexual reproduction under
favourable environmental conditions. Simulating
these conditions will make your investigation more

successful. To expand your investigation skills, you "

may wish to design an experiment with conditions S > Sporang|a

that you think will stimulate sexual reproduction '

in these organisms, and then test your hypothesis. FIGURE 2.31 Sporangia at the end of hyphal threads
You will need a microscope to examine asexual in a Mucor species of fungus, as seen under the light

) microscope
reproductlve structures.
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AIM
To investigate spore production in bread mould

MATERIALS

1 slice of moist bread (with no preservatives)

1 Zip lock plastic bag or Petri dish

dark environment such as a cupboard

dissecting needle and forceps (1 per student group)
glycerine in a dropper bottle (1 per student group)

glass microscope slides and coverslips (1 per student group)

RISK ASSESSMENT

Copy and complete the risk assessment table below using your knowledge of microscope safety from your
Year 11 practical work.

!
RISK
Mould Inhalation of spores may lead to allergic ~ Wear a face mask when putting a fungal sample ASSESSMENT
reaction onto glass microscope slides.
Use forceps and a probe; do not handle the mould.
Wash hands at the end of the experiment.

Glass microscope slides May break and cut you
Microscope Can drop on toes
Electrical plug Electrocution

Place a piece of damp bread (without preservatives) in a zip lock plastic bag or a Petri dish and keep in a
warm, dark place for a few days. Damp oranges or cheese may also be used to grow mould.

Examine for mould growth with a hand lens daily. At first you may see hyphal threads (colourless at first).
Once the mould has begun to darken, this signifies the production of spore bodies.

To prepare slides of bread mould (wear a face mask if you are allergic to spores):
Place a drop of glycerine on a slide.

Using forceps and a dissecting needle, place a few strands of hyphal threads from a pigmented area of
the mould in the glycerine.

Cover with a coverslip, lowering it carefully to avoid trapping air bubbles.

Examine the slide under low and high power. Draw and label the mycelium and sporangia as seen
under high power.

To investigate budding in yeast (unicellular fungus)

MATERIALS

yeast (1 packet active dry baker's yeast)
80 mL warm water

159 sugar

slide and coverslip (1 per student group)
dropper

microscope (1 per student group)
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At least 2-3 hours before examining the yeast, combine the sugar, yeast and warm water, mixing well. (This
step could be done the day before and the mixture left overnight.)

Place a drop of the yeast mixture on a slide, cover with a coverslip and observe under low and high power.

Alternative method: If the yeast is on agar plates, pick yeast off the plate using a toothpick. Dip the tip of the
toothpick containing yeast into a drop of water/methylene blue on a microscope slide.

Draw and label a diagram to show yeast budding, identifying the parent cell and the bud.

Note: If methylene blue is used to stain cells, it is important to remember that yeast cells that are alive will
appear opaque (enzymes in yeast actively break down the dye) and cells that appear blue are dead. Look
for living yeast cells that are undergoing asexual reproduction by means of budding.

You may choose to film the process with a mobile phone through the eyepiece of the microscope.
If no active budding is seen, find a short video clip on the Internet, and watch the process of yeast budding.

AIM
To investigate budding and binary fission using prepared microscope slides

MATERIALS

Prepared microscope slides of:
hydra budding
amoeba undergoing binary fission
yeast budding.

Examine the prepared slides using a microscope, under low power and high power.
Identify the type of asexual reproduction observed in the named organism on the slide.

Draw and label the organism reproducing asexually. Write a heading for your diagram and record the
magnification at which the specimen was viewed.

Copy and complete Table 2.6 to record the results of parts A to C of the investigation. Include accurately drawn
scientific diagrams to show:

spore production in fungi
budding in yeast
binary fission in Amoeba
budding in Hydra.
Each row of your table will need to be large enough to include your diagram.

TABLE 2.6

NAME OF SPECIMEN MODE OF ASEXUAL REPRODUCTION DIAGRAM

CONCLUSION

Write a general statement summing up the forms of asexual reproduction that you observed in the variety of
organisms examined in this investigation.
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To investigate other forms of asexual reproduction in plants and animals, using secondary sources and/or
primary investigations

Working in groups of 3-4 students, divide up the following tasks and carry out this part of the practical as a group.

Research a method and/or grow a plant using vegetative propagation - from, for example, a plant cutting,
bulb, tuber or runner.

Find a video clip on the Internet or create a multimedia presentation that shows an example of the modes

of asexual reproduction listed below. Create either a voice-over or subtitles to explain to your peers the

mode of asexual reproduction and the advantages/disadvantages of this type of reproduction for the

continuity of the species. You may conduct research and prepare a presentation on any organisms that

display these forms of asexual reproduction — the organisms listed below are only examples.
Fragmentation and regeneration - e.g. sea stars and flatworms, such as Planaria

Parthenogenesis — e.g. Binoe’s gecko (Heteronotia binoei), stick insects (Order Phasmatodia).

Present your results to your group. From the presentations, summarise in a table what you have learned from
others in your group. Carry out peer assessment on the presentations created by each member of your group.
Present the best one from your group to the whole class.

Some areas and questions you may wish to review when assessing the presentations of your peers are:

Coverage — does the presentation cover the topic completely or partially, or is it too brief and just a summary?
lllustrations — are they relevant and clear, and do they enhance understanding?

Context — are the subtitles and/or voice-overs clear and relevant, and do they explain the advantages and
disadvantages clearly and in context?

You may also wish to evaluate your team work. See the weblinks for ideas and scaffolds for peer assessment.

DISCUSSION QUESTION

Copy and complete Table 2.7 to compare the processes of budding, binary fission and spore production
in the organisms that you have reviewed in the presentations. Explain the conditions under which each
occurs. Discuss the role of each mode of asexual reproduction in contributing to the continuity of species.

TABLE 2.7 Comparison of budding, binary fission and spore production

HOW IT ENSURES CONTINUITY OF
NAME OF SPECIMEN | MODE OF ASEXUAL REPRODUCTION | DIAGRAM THE SPECIES

EXTENSION

Asexual reproduction is not limited to protista, fungi and plants. Some animals are able to reproduce by means
of budding and other forms of asexual reproduction. Parthenogenesis is a form of asexual reproduction in
animals that falls into the category of apomixis (page 50). The term is derived from the Greek word ‘Parthenos’
meaning virgin, and 'genesis’ meaning creation. Parthenogenesis involves the production of offspring from an
unfertilised gamete, usually an egg (ovum). This unusual form of reproduction, although classified as asexual,
may also be thought of as incomplete’sexual reproduction. It is common in some insects (aphids, ants,

bees and wasps, for example), and has been found to occur fairly commonly in reptiles as well. The young
that are produced are genetic clones of their mother. There are many Australian lineages that demonstrate
parthenogenesis. (See the weblink.) This raises a good question for discussion: Is there a need for males in
animal species that have parthenogenesis? Research the advantages and disadvantages of parthenogenesis
and prepare arguments for and against the discussion question posed.
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e Budding occurs in yeast and some multicellular organisms such as Hydra and brain coral.
e Binary fission is the most common form of asexual reproduction in bacteria and protists.

e Asexual reproduction in bacteria occurs in a series of steps: a cell grows to twice its size; DNA
replicates; DNA separates; protein accumulates at the cleavage site; the cytoplasm divides; and
a new wall is synthesised.
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e Both binary fission and budding involve only one parent, so no mate is required, allowing rapid
proliferation of genetically identical organisms that are well suited to survive in their particular
environment.

e Disadvantages of asexual forms of reproduction: lack of genetic variation in offspring, which
may lead to their demise in unexpected harsh conditions or as a result of other changes in
selecting agents; the large numbers of offspring produced may compete with each other for
resources.

CHECK YOUR
UNDERSTANDING

1 Using examples, explain how the transfer of gametes during sexual reproduction occurs in plants and
animals.

Describe two pollination mechanisms in plants and explain how they ensure the continuity of the species.
Describe two reproductive mechanisms in named examples of animals, to ensure the survival of the young.

4 Inatable, compare the structure of a gamete, a seed and a spore, and explain the role of each in
reproduction, using examples.

5 Inatable, compare forms of asexual reproduction including budding, binary fission and propagation.

Sexual reproduction in mammals

a0

e Asyou now know;, from reading section 2.1, sexual reproduction involves fertilisation — the fusion of male

and female gametes (sex cells) to form a zygote (fertilised egg). The zygote contains a new combination

Worksheet of genetic material from both parents. Because a variety of offspring are produced, this genetic variation

e f;glr‘z N e increases the chances of survival of the population in the case of environmental change. For the energy

systems expenditure of sexual reproduction to be worthwhile, the chances of reproductive success must be
maximised.

Mammals have several reproductive mechanisms to maximise reproductive success, including;
The three classes

of mammals are: » internalfertilisation toincrease the likelihood that gametes willmeet (this occurs in all three subclasses

= monotremes of mammals)

. (meg SSJ:;TS) » implantation ofthe embryo into the uterine wall, with internal development of the embryo (marsupials
(pouched) and eutherians) (Fig. 2.32) to increase the embryos chance of survival

. (eul therietanls) » pregnancy to allow the developing young to be protected from the external environment, have
placental).

a constant nutrient supply and complete a gestation period (short in marsupials; prolonged in
eutherians, whose young are well developed when they are born).

All stages of sexual reproduction are carefully timed and synchronised by a combination of hormones
that coordinate the reproductive cycle to ensure greater reproductive success.

Strategies such as the timing of reproductive cycles, embryonic development in utero, reduced
number of young produced and quality of parental care have evolved to further increase the likelihood
that the young will develop and grow to become reproductive adults. All stages of sexual reproduction in
mammals, from gametogenesis to courtship behaviour, pregnancy and birth, are carefully regulated by
hormones. Successful offspring will survive to become adults, competing in turn for mates of their own.
The cycle must be self-perpetuating, to ensure the continuity of the species.
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FIGURE 2.32 Fertilisation and embryonic development in humans, to foetus stage

Hormones are chemical substances that act as messengers in the body, coordinating many aspects of
functioning, including metabolism and reproduction, so that actions within the body are synchronised. éggg‘zggﬁ ;g
The pituitary gland is an endocrine gland about the size of a pea, attached to the base of the brain and just for more
above the roof of the mouth. Referred to as the master gland, it secretes hormones that stimulate or inhibit H?ﬂ!”;igg” on
other endocrine glands, regulating the release of their hormones for growth, metabolism and reproduction.
Hormones that specifically affect the growth or functioning of the reproductive organs or the
development of secondary sex characteristics are called sex hormones. They are produced in special
tissues in the ovaries and testes and in the pituitary gland and adrenal cortex. Hormones play a vital
role in all aspects of the development and functioning of the male and female reproductive systems.
The reproductive organs in mammals are present at birth, but only mature and begin their reproductive
function when stimulated by hormones secreted during puberty.
In humans, puberty generally occurs between age ten and fourteen in girls, and twelve to sixteen
in boys. The gonads (reproductive organs) become functional at puberty and the reproductive cycle
commences. Gametes are produced in the male and female gonads by a process known as gametogenesis.

Hormonal control of breeding seasons

Hormones regulate the sexual behaviour of mammals by limiting the ability of some mammals to
reproduce to certain times of the year, known as breeding seasons. Breeding cycles in these mammals
involve periods of female fertility being limited to once or twice a year. In these seasonal breeders (such
as sheep and cattle), mating occurs only during periods of female fertility, commonly referred to as the
animal being on heat’ or ‘in season’. The biological term is that the animal is ‘in oestrus’.
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Higher order primates (including humans) and some other mammals (such as pigs, rats, mice and
rabbits) are called continuous breeders. Female fertility occurs in a cycle that repeats throughout the year
and, rather than having a breeding season, these animals are sexually active all year round.

There are advantages to both types of breeding cycle. The young of mammals that have a limited
breeding season are usually born when temperatures are warm and food is plentiful, increasing the
chance of offspring surviving. The parents benefit from the reduced period of time during which mating,
gestation and raising of young takes place, a period during which their energy reserves become limited
and their vulnerability to predators increases. The obvious advantage to continuous breeders is the
ability to reproduce all year around.

In the discussion that follows, humans are used as an example to explain the reproductive cycle of
mammals. The oestrus cycle in seasonal breeders is similar in physiology and hormonal control, the
main difference being in the timing,

Hormones involved in mammalian reproduction
There are three types of sex hormones.

» Androgens (from the Greek andro meaning ‘male’) are commonly referred to as male hormones.
Androgens control the development and functioning of male sex organs and secondary sex
characteristics such as deepening of the male voice, increase in the growth and thickness of hair and
in the size of muscles and bones. Cells in the testes secrete the androgen testosterone, which plays a
primary role in spermatogenesis (production of sperm).

Androgens are present in both males and females, and their production increases during
puberty in both sexes, but their levels are much higher in males. Androgens are precursors (margin
note) of oestrogens (a group of female hormones).

» Oestrogens (from the Greek word oistros meaning ‘mad desire, referring to willingness of a female
to mate when she is at the fertile part of her cycle) are the main group of female hormones. They
control the development and functioning of the female reproductive system and secondary sex
characteristics, such as enlarged breasts, pubic hair and widening of the hips.

Oestrogens are present in both males and females, but occur in much higher levels in females
of reproductive age. In males, together with testosterone, oestrogens play a role in the maturation of
sperm. Oestrogens are responsible for the onset of oestrus (in heat) just before ovulation in female
mammals that are seasonal breeders. The main function of oestrogens in mammalian reproduction
is ovarian functioning and therefore fertility in females.

» Progestogens, a second group of female hormones, have been named from the words pro (one) and
gestare (latin for ‘to carry about’, as in gestation). Progesterone is the most common progestogen and it
plays a primary role in pregnancy. It also stimulates the secretion of milk in mammary glands (lactation)
and a drop in its levels plays a role in initiating menstruation.

Using current biotechnology, female hormones can be artificially manufactured and used either as
aform of contraception to prevent pregnancy, or to increase fertility and help women become pregnant.
For example, progestin is the synthetically produced version of the hormone progesterone. Oestrogens
and progesterone may be used in combination or individually. Oestrogens and progestogens may also
be used in:

- hormone replacement therapy for women during menopause (if required)

- the treatment of prostate cancer and some forms of breast and endometrial cancers.

Endocrine glands regulate and control the ovarian and menstrual cycles in a coordinated manner
(Fig. 2.33), synchronising these cycles to ensure fertility. The result is an increase in the probability of
successful reproduction, biological fitness and, therefore, the continuity of the species.
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In humans, the pituitary gland secretes a number of hormones that regulate other endocrine glands, :‘ ‘:
including the ovaries of females. Hormones of the pituitary and gonads are therefore the key players in
regulating reproductive cycles in mammals. Weblink
Oestrogen and progesterone, produced by the ovaries and controlled by hormones of the pituitary, e e
regulate the: hormones and their

functions
» ovarian cycle by controlling the production and maturation of gametes (ova) in the ovaries

» menstrual cycle by preparing the uterus for implantation of a fertilised egg each cycle; if fertilisation
does not take place, the levels of oestrogen and progesterone decrease and, as a result, the lining of
the uterus tears away, accompanied by bleeding, known as menstruation

» maintenance of pregnancy

» preparation for and maintenance of lactation.

The pituitary secretes two gonadotropic hormones:

» follicle stimulating hormone (FSH), which is important for stimulating maturation of follicles in the
ovaries of females

» luteinising hormone (LH), which promotes final maturation of the ovarian follicle, ovulation and
development of the corpus luteum in females. It also stimulates the secretion of testosterone.

In addition to gonadotropic hormones, the pituitary gland secretes a lactogenic hormone called prolactin
in females. This acts on breast tissue to prepare for and maintain milk production to suckle the young,

The interaction of the pituitary gland with the ovaries and testes is synchronised by feedback loops,
which you will learn more about in Chapter 14.
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The balance in the levels of sex hormones in the body at any point in time determines the fertility of
a female and whether she can conceive a child.

The ovarian cycle

Female babies are born with all the eggs (ova) that they will produce during their lifetime, but these ova
are immature and have partly developed in their ovaries. During puberty, the ovarian and menstrual
cycles begin (referred to as menarche). The ova in the ovaries become surrounded by a single layer of
cells that envelop them and begin to divide, resulting in the formation of primary (dormant) follicles
in the ovary (Fig 2.34). Hormones that are secreted during puberty (and for approximately the next
36-40 years) trigger the development and maturation of ova each month (except during periods
of pregnancy), until menopause is reached. At the start of each monthly cycle, a few follicles begin to
develop, but usually only one enlarges more than the others to reach maturity (Fig. 2.34). In humans, the
cycle repeats approximately every 28 days, although this varies from one female to another.
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The follicular phase

The follicle cells secrete fluid, which pushes the egg to one side of the follicle. The enlarged, dominant
follicle moves to the surface of the ovary and creates a bulge. It is now mature and termed a Graafian
follicle. The development from primary follicle to Graafian follicle takes approximately 10-14 days.

During this follicular phase, the cells lining the follicle secrete oestradiol (an oestrogen hormone).
This causes a surge in the production of LH, which results in ovulation. The LH surge also stimulates the
next phase of the ovarian cycle, during which the corpus luteum forms and progesterone is synthesised.

The Graafian follicle bursts, releasing the egg — a process known as ovulation. The funnel-shaped,
open ends of the uterine tubes contain cilia that beat, drawing the egg into the tube. The egg (with some
follicle cells still clinging to it) moves down the tube towards the uterus. If sperm are present, fertilisation
may occur (page 67). Ovulation usually occurs mid-cycle (Table 2.6, page 66). Once released, the female
ovum is only viable for 12-24 hours.

The luteinising phase

The luteinising phase is usually 14 days. It begins after ovulation, when the burst follicle in the ovary
enlarges and changes colour, building up a yellow protein called lutein. The large mass of vacuolated
cells is now called the corpus luteum (Latin for ‘yellow body’). The corpus luteum secretes the hormone
progesterone, which acts on the uterus, preparing it for pregnancy.
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The menstrual cycle

The cycle of changes in the ovaries is accompanied by a cycle of changes in the uterus, known as
the menstrual cycle (Fig. 2.35). An average menstrual cycle repeats every 28 days, but there can be
considerable variation in the actual length of the cycle.
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The menstrual cycle starts with menses (the menstrual period), which lasts about four days. During T4
this time, the endometrium (lining of the uterus) breaks down and tears away. This is accompanied by
Weblink

bleeding, which is known as menstruation. The first day of menses marks the beginning of the follicular Ovaran and

phase, which ends on the day of ovulation (Table 2.6). menstrual cycle
Following menstruation, a new endometrial lining forms in the uterus over about 5-12 days,

known as the pre-ovulation phase. Ovulation takes place in an ovary about 13-15 days after the start of

menstruation, but this timing varies from person to person.
After ovulation, the corpus luteum, which is enlarging within the ovary, secretes the hormone

progesterone, as well as some oestrogen, into the bloodstream. Progesterone acts on target cells in

the uterus, preparing the endometrium for implantation of the fertilised ovum and pregnancy. The

endometrium becomes highly vascularised, reaching a peak eight or nine days after ovulation (secretory

phase), around the time of expected implantation. The endometrium has glands that secrete a watery

mucus in this phase.
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If a fertilised ovum implants in the uterus, pregnancy results and the uterine wall is maintained by the
secretion of progesterone and oestrogen. These are produced by the corpus luteum at first and later by
the placenta. During pregnancy, a placenta forms, attaching the developing embryo to the uterine wall.
The placenta secretes hormones including progesterone, oestrogen and human chorionic gonadotropin
(HCG) to maintain pregnancy. Once the placenta is able to secrete these hormones, the corpus luteum
in the ovary begins to degenerate.

. TABLE 2.6 Stages in the ovarian and menstrual cycles

P4
L STAGE TIME SPAN* (DAYS) | EVENTS

Weblink Menstruation 1-4 Uterine bleeding, accompanied by shedding of the endometrium
Hormonal control of
the menstrual cycle Pre-ovulation 5-12 Endometrial repair begins; development of ovarian follicle; uterine

lining gradually thickens

Ovulation 13-15 Rupture of mature follicle, releasing egg

Secretion 16-20 Secretion of watery mucus by glands of endometrium, cervix and
uterine tubes; movement and breakdown of unfertilised egg;
development of corpus luteum

Pre-menstruation 21-28 Degeneration of corpus luteum; deterioration of endometrium

*Time spans are average, but vary widely between women.

Hormonal control of the male reproductive cycle

The production of sperm, or spermatogenesis, is controlled by hormones. In humans, spermatogenesis
involves the interaction of three glands: the hypothalamus in the brain, the pituitary gland at the base of
the brain and the Leydig cells in the testes. In males, LH stimulates the production of testosterone and
FSH stimulates the production of a protein by Sertoli cells in the testes, to maintain testosterone at a level
high enough to promote spermatogenesis. When the hormone inhibin is secreted, it reduces the levels of
FSH in the body (Fig. 2.36).

FIGURE 2.36 Brain
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Sperm production in the male

Sperm are produced by meiosis inside sperm tubules in the testes, and are stored until they are mature.
Each sperm is microscopic and shaped like a tadpole, with an enlarged head that contains the haploid
nucleus and a long tail that whips from side to side to enable the sperm to move. During copulation,
semen containing sperm is introduced into the vagina of the female, and must undertake an epic race
to reach the egg cell. Although half a million sperm may begin the journey, only a few hundred to a few
thousand will reach the ovum. (See the image on page 33.) Contractions of the vaginal wall assist the
movement of sperm. The whipping action of the tail of the sperm is thought to keep the sperm afloat
in the semen and assist the sperm in penetrating the egg. Sperm can survive in the female reproductive
tract for a couple of days.

Sperm are attracted to the egg by rheotaxis - movement through a fluid - for internal fertilisation.
Oviducts secrete a fluid that travels down the female reproductive tract, and sperm swim upstream
(positive rheotaxis). Sperm that reach the oviduct are held in storage and are released in small batches.
The presence of progesterone and an alkaline pH cause sperm to mature so that they can penetrate the
egg. These sperm become hypermobile and their tails beat strongly to propel them towards the egg.

When sperm reach the egg cell, they must cross three layers. They physically push through the first
membrane (Fig. 2.37), which still has follicle cells attached. These protective cells release enzymes to
assist penetration by the sperm. When the acrosome (protective cap) of a sperm comes into contact
with glycoproteins of the next barrier, the zona pellucida, the acrosome fuses with the cell membrane
of the sperm head, allowing the tip of the sperm to release enzymes that assist its penetration. Many
sperm may reach the cell membrane (plasma membrane), which is the last barrier. Surface proteins
allow only one sperm to penetrate this barrier, triggering the release of enzymes by the egg that destroy
the glycoproteins in the zona pellucida and cause electrical changes, preventing other sperm from
entering. The first sperm to penetrate this inner barrier causes the ovum to immediately undergo its
second meiotic division.

FIGURE 2.37
Acrosome reaction
during fertilisation.
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Fertilisation occurs when the haploid nucleus of the egg fuses with that of the sperm, forming a diploid
fertilised egg, called the zygote. At this stage, most epigenetic markers from the parents are ‘wiped’ off the
DNA, so all genes are switched on — how this occurs is an area of current research. Following fertilisation,
the egg divides as it travels along the oviduct and begins developing into an embryo.
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See Chapter &,
pages 131-2
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When the embryo implants into the uterine wall, this marks the beginning of pregnancy.
colink Once the embryo implants, the corpus luteum in the ovary continues to grow and secrete hormones
f: netion of the for the first three months of pregnancy. In the latter six months of pregnancy, the corpus luteum shrinks
secretion of and degenerates slowly (although it is still present in its degenerate form at childbirth). The placenta

rormenes takes over the role of producing hormones to maintain pregnancy. Following pregnancy, the ovarian

cycle usually only resumes once the mother stops breastfeeding the baby.

Ifthe eggis not fertilised, the corpus luteum begins to degenerate about 8-10 days after ovulation,
forming a mass of fibrous tissue known as the corpus albicans. An unfertilised egg degenerates
during the phase known as pre-menstruation, after which
menstruation occurs and the ovarian cycle begins again.

The environment in which the baby develops (Fig. 2.38) is
rigorously controlled by hormones and is important not only
for the growth and development of the foetus to birth, but
also for its long-term health.

Hormones that maintain pregnancy are secreted by the
pituitary gland and ovaries of the mother at first, but once
the placenta is established it begins secreting hormones
too (Fig. 2.39).

The levels of oestrogen and progesterone are optimised
during the ovulation cycle to create ideal conditions for
implantation. Oestrogen promotes the growth of the
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FIGURE 2.38 Baby developing in utero (note the umbilical cord and
placenta)

endometrium (lining) of the uterus and progesterone
stimulates the secretion of mucus by the cells lining the
endometrium and the growth of blood vessels. Once

Pituitary
implantation has occurred, the main role of progesterone

becomes that of suppressing uterine activity, thereby

supporting foetal development and reducing the risk of the
Oxytocin foetus being disturbed or expelled by uterine contractions.
Progesterone also reduces the mother’s immune response
to foetal antigens. Adequate progesterone production by
the corpus luteum is essential in maintaining the pregnancy
until the placenta takes over this function at around seven to

Positive feedback

nine gestational weeks.
th:n n Other hormones are also important in maintaining
pregnancy and ensuring the normal development and
growth of the baby. Some hormones prevent foetal
overgrowth and others inhibit overgrowth at various stages
of pregnancy, mainly by regulating the amount and types

Oxytocin
of nutrients that cross the placenta. Table 2.7 outlines the
' hormones that coordinate foetal development and maintain
L Uterine pregnancy.
COR;ESSSHS The placenta is a large disc of tissue formed of both
maternal and foetal tissue (Fig 2.40). Each side produces
oT . . s .
finger-like extensions, called villi-extensions from the
n uterine wall of the mother form some villi, which interlace
Placenta produces with extensions from the chorion membrane surrounding

prostagladins the foetus (chorionic villi). The placenta, embedded in the

FIGURE 2.39 Hormone secretion during pregnancy and birth. uterine wall, is connected to the foetus by an umbilical cord,
OT: oxytocin, PG: prostaglandins . .
Y prostag which carries blood vessels to and from the baby. The role
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of the placenta is to transport oxygen and nutrients from mother to foetus and to remove wastes such

as carbon dioxide and urea from the foetus and pass them to the mother for excretion. These gases,
nutrients and wastes diffuse across the narrow space between the villi. The mother’s and baby’s blood do

not come into direct contact.
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TABLE 2.7 The role of hormones in pregnancy and foetal development

ACTIVE PERIOD DURING
SECRETED BY PREGNANCY EFFECT ON PREGNANCY EFFECT ON FOETAL DEVELOPMENT

Maternal Mother’s thyroid From 12 gestational Low levels increase the Low levels result in low birth
thyroxin gland weeks risk of detachment of the weight and immature lungs
placenta and pregnancy loss
Insulin Foetal pancreas From 10 gestational No effect Promotes foetal growth,
(mother’s insulin weeks allowing glucose to become
does not cross the available for tissue growth and
placenta) fat deposition
Human Developing embryo | First trimester of Maintains the corpus No effect
chorionic pregnancy. Note: luteum, which in turn helps
gonadotropin pregnancy tests maintain the endometrium
(hCG) measure the presence
of this hormone to
confirm a pregnancy
Insulin-like Uterine wall of No effect IGF I: alters placental Promotes growth of foetal tissue
growth factors mother transport of nutrients,
(IGF) matching this to foetal
demand
IGF II: stimulates growth of
the placenta
Glucocorticoids | Foetus Increase during third Alcohol intake by the mother | Limits foetal growth;
(cortisol and trimester during pregnancy stimulates | promotes and coordinates the
cortisone) Elevatedlifimother glucocorticoid secretion, specialisation and development
becomes stressed or which leads to low birth of foetal tissues and organs (e.g.
ST EUS weight and affects organ brain, heart and lungs)
development
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Birth

«l

K Two things must happen for the baby to be born.
» The muscles in the uterus must contract to expel the baby.
Weblink

psnion » The tissue of the cervix must soften so that the cervix can dilate (widen) to allow the passage of the

regulation of baby
labour and birth

What triggers the process of childbirth is largely unknown. Prostaglandins secreted by the wall of the
uterus initiate labour. They act by making the tissue in the uterus more sensitive to another hormone,
oxytocin.

Oxytocin promotes coordinated contraction of the smooth muscle of the uterus and softening
(ripening) of the cervix, so that the baby can be born. The hormone relaxin is also produced and this
further aids the softening of the cervix.

Progesterone and oestrogen levels decline during labour and contractions become stronger.

As the contractions increase in intensity, beta-endorphin hormones are released. These act as a
natural form of pain reliefand also promote feelings of elation. Very close to the birth, a surge of adrenaline
is released by the mother’s body and this causes some very strong contractions that lead to the birth.

After the birth of the baby, oxytocin secretions continue for a while, causing the uterus to contract
and expel the placenta (sometimes referred to as the ‘afterbirth’). The contractions also limit blood flow
to the uterus, reducing the risk of the mother bleeding.

Prolactin is a hormone produced mainly in the pituitary gland (but at times also in the uterus and
breasts). It stimulates milk production in the breasts (Fig. 2.39). Levels of prolactin begin to rise during the
second trimester of pregnancy and this causes enlargement of the mammary glands for milk production.
Prolactin and oxytocin release are further stimulated by suckling of the baby. Prolactin and oxytocin are
also thought to play an important role in maternal behaviour and bonding.

e Sperm are attracted to the egg by (positive) rheotaxis - movement (upstream) through a fluid.

e Fertilisation occurs when the haploid nucleus of the egg fuses with that of the sperm, forming a
diploid fertilised egg called the zygote.

KEY CONCEPTS

e Oestrogen and progesterone levels are optimised during the ovulation cycle to create ideal
circumstances in the uterus for implantation.

e When the embryo implants into the uterine wall, pregnancy occurs. Pregnancy is controlled by
the secretion of progesterone by the corpus luteum in the first three months and later by the
placenta.

e The hormone oxytocin promotes coordinated contraction of the smooth muscle of the uterus
during labour, resulting in the birth of the baby.

UNCDHEEF?SKI'XﬂgFNG 1 Describe the formation of an egg cell (ovum) and its maturation.

2 What is a Graaffian follicle and what does it become once it has ruptured?
@ If fertilisation does not occur, what happens to the:
a  Graaffian follicle
b ovum
¢ endometrium?
What is menstruation and when does this take place in the menstrual cycle?
5 Draw a labelled diagram to show the structure of a mature sperm cell.

6 Create aflow chart to represent the steps that occur during fertilisation. @
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P4
(4
@ 7 The flow chart and graph shown in figures 2.41 and 2.42 summarise hormonal control of fertilisation, implantation
and pregnancy in humans. The graph (Fig. 2.42) represents hormone levels in females at various points in Worksheet

the menstrual cycle. Analyse information from the flow chart and the graph to complete the accompanying Hormonal control
. f ducti
worksheet on hormonal control of reproduction. of reproduction

Pituitary gland

Secretes FSH Stops secreting FSH Secretes FSH Stops secreting FSH (4

2
wv
g Anegg Ovaries secrete Aneggis 4| _ Ovaries secrete
g matures oestrogen released progesterone

2y 8

Preparation of lining to receive
egg when it is released

Uterus

Maintenance of lining of uterus

s—1 |7

Fertilisation "+ No fertilisation

v

Oestrogen and

Pregnancy maintained Lining of uterus comes away and | progesterone
bleeding occurs (menstruation) |~ levels drop

FIGURE 2.41 Hormonal control of reproduction in females

Hormone A Hormone B

/\

Menstruation Owulation

Amount of hormone

»
1 1 1 1 1 1 1 1 L

I I I I I
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28
Menstrual cycle: time in days

FIGURE 2.42 Hormone levels at different stages of the menstrual cycle

8 Using Figure 2.39 and the text on pages 68-9 as a starting point, create a flow chart depicting the control
of pregnancy and lactation. You may need to add more arrows to the diagram and you will need to provide
labels and annotations. Number the annotations to show the cyclical flow of hormone secretion in the
order in which it occurs.
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Manipulation of reproduction
in agriculture

Agriculture is the cultivation and breeding of animals, plants and fungi for food, biofuels, fibre, timber
and other products used to sustain and enhance human life. It includes both crop and livestock farming,
forestry and fisheries and their products, to meet a wide range of human needs such as clothing,
medicines, tools, furniture, artistic display and economic gain or profit.

Humans have been manipulating plant and animal reproduction for many hundreds of years. The
techniques of manipulation have become more sophisticated as scientific knowledge of reproductive
processes has advanced. The purpose of this human intervention is to improve the quality and yield
of food. The term reproductive technology applies to any use of technology to assist and improve

reproduction.
Vesdealt A secondary source investigation of scientific knowledge and its
WI n apter 7, . . . . ° .
together with application to reproductive technologies in agriculture

other reproductive
technologies.

BACKGROUND
«l

o‘: Reproductive technologies range from those that manipulate fertilisation (such as artificial insemination, IVF, artificial
pollination) to those that split up embryonic stem cells and involve embryo implantation (including embryo
Worksheet splitting and cloning, as well as embryo sexing and selection). Reproductive technology depends on scientific
Human embryonic knowledge and an understanding of the reproduction process, such as control of seasonal breeding, hormonal
stem cell debate . . X .
regulation of ovulation and the oestrous cycle (Fig. 2.43), pregnancy and embryonic development.

FIGURE 2.43

The role of hormones
and minerals in
controlling the
oestrous cycle of a
cow

1
FSH & LH produced by Hormone

anterior pituitary travel ———— system
through the blood to Hypothalamus
ovaries (Ca, Cu, Zn)

Corpus luteum produces
progesterone (Mg, Mn)
3

‘\a
Ovaries |

Uterus releases PGF2a ¢/
to cause regression of
the corpus luteum (Cu)

Nature Art/Shutterstock.com

Ca & Cu stimulate
hypothalamus to
produce GnRH,
which signals the
pituitary to release

K stimulates ovaries LH & FSH

to produce oestrogen
(Cu, K, Mg, Zn)
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The use of such technologies raises concerns about ethical issues such as stress on animals as well as
environmental stress. The aim is to reduce these concerns while optimising the benefit for both farmers and
consumers.

To investigate the reproductive techniques that have been implemented in agriculture as a result of
advances in knowledge about reproduction in plants and animals

To analyse three techniques used to manipulate reproduction of plants and animals in agriculture

To evaluate the impact of this knowledge, taking into account any advantages, disadvantages and ethical
concerns that result from these techniques

Using examples such as the diagram in Figure 2.43, your own research and the information in this chapter,
evaluate the impact of scientific knowledge on the manipulation of plant and animal reproduction in
agriculture, by finding out:

what scientific knowledge was needed to make possible the specific manipulations of plant or animal
reproduction that are now in use

the name of the reproductive technique that was developed using this knowledge, and when the
technique was introduced

how reproduction is manipulated using this technique

the impact of the scientific knowledge on the introduction of the technique. Include advantages,
disadvantages and ethical issues.

To present your results, copy and complete the table below.

HOW REPRODUCTION IS IMPACT OF KNOWLEDGE:
SCIENTIFIC REPRODUCTIVE MANIPULATED IN PLANTS ADVANTAGES AND/OR

KNOWLEDGE ABOUT | TECHNIQUE (AND WHEN IT | AND/OR ANIMALS USING DISADVANTAGES (OR ETHICAL
REPRODUCTION WAS INTRODUCED) THIS TECHNIQUE CONCERNS) OF THIS TECHNIQUE

EXTENSION

For students who wish to explore further, investigate the role of minerals in activating or promoting the action
of hormones. Some examples are shown in Figure 2.43.

CONCLUSION

Write a few sentences summarising your findings about the impact of scientific knowledge on the
manipulation of plant and animal reproduction in agriculture.

Ethical issues
related to
reproductive
technologies
are dealt with in
more detail in
Chapter 8.

Reproductive
technologies
and their use in
agriculture are
dealt with in
more detail in
Chapter 9.

Ethical
understanding

Literacy
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Sexual and asexual reproduction: How does reproduction ensure the continuity
of the species?

BINARY FISSION ‘ W2 BUDDING
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Strategies for reproductive success:
mechanisms to bring male and female

Pollination in flowering plants

Pollination in flowering plants

Hormonal control of the female reproductive
cycle and maintenance of pregnancy and birth

Oestrogen and
progesterone
levels regulate
ovarian and
menstrual cycles
and create ideal
conditions

for ovulation,
implantation
and maintaining
pregnancy.

Pituitary

Oxytocin

BIEESY
produce milk

Oxytocin is
released to
stimulate uterine
contractions and
birth.

Uterine
contractions
(labour)

or

Placenta produces
prostagladins

cells together

Positive feedback

Oxytocin

External and internal fertilisations in animals

Large number
of gametes
mature and
are released
together

Smaller
number of
gametes
assured of
meeting;
energy
expended in
finding a mate

Internal fertilisation in reptiles

Manipulation of reproduction
in agriculture

1,,

FSH & LH produced by Hormone
anterior pituitary travel ———— system
through the blood to \ /

Corpus luteum produces ¢ Hy‘potha\amus

ovaries (Ca, Cu, Zn)
progesterone (Mg, Mn)

N

#~

Before calving | Blood flow [
After calving

;—;
\cd i3
| Ovaries
Uterus releases PGF2a
to cause regression of

Ca &Cu stimulate
the corpus luteum (Cu)

hypothalamus to
produce GnRH,
which signals the
pituitary to release
LH & FSH

K stimulates ovaries
to produce oestrogen

(Cu, K, Mg, Zn) Blood flow heavy after calving

Scientific knowledge including understanding of seasonal
breeding, hormonal regulation of ovulation and the oestrus
cycle, pregnancy and embryonic development is necessary
for manipulation of reproduction in agriculture.
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(2) CHAPTER REVIEW QUESTIONS

Distinguish between the following terms:

sexual and asexual reproduction

gamete and zygote

eutherians, marsupials and monotremes

fertilisation and pollination

seed dispersal and seed germination

budding and binary fission.
Using the examples of coral and amphibians, explain
mechanisms that ensure male and female gametes can

find each other when they are released, so that fertilisation
can take place.

Explain why internal and external fertilisation are each
suited to a particular type of environment.

Using a table, compare the advantages and disadvantages
of internal and external fertilisation.

Explain how the relationship between the number of
gametes produced and the type of fertilisation ensures
continuity of the species.

Using a Venn diagram, compare the processes of sexual
and asexual reproduction.

What is a hermaphrodite? Using an example, give one
advantage and one disadvantage of hermaphroditism in
ensuring the continuity of species.

Construct a table to compare oviparous, viviparous and
ovo-viviparous development, using examples.

Describe two reproductive mechanisms in Australian
animals to ensure the survival of the embryo.

Use examples to illustrate vegetative propagation of roots,
stems and leaves as forms of asexual reproduction in plants.
Draw a sequence of diagrams to show:

binary fission in bacteria

budding in fungi

binary fission and budding in protists

spore production in bread mould.
Draw a scientific diagram of a longitudinal section through
a flower and label the male and female reproductive parts.

Write the function of each part next to the label.

Draw arrows on the diagram to show how self-pollination
occurs.

Explain how self-pollination may reduce the chances of
the continuity of species under some conditions, but
increase the chances under other conditions.
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Review quiz

13 Using words and arrows, construct a flow chart to show

each step in the process of sexual reproduction in a
flowering plant.

In a table, compare reproduction by means of spores in
ferns and seeds in flowering plants.

Use a Venn diagram to compare wind, bird and insect
pollination in flowering plants.

Analyse asexual reproductive mechanisms in plants, fungi
and protists, and explain how these mechanisms ensure
continuity of the species.

Distinguish between the terms:

a seasonal breeders and continuous breeders

b gonads and gametes

¢ ovulation and menstruation

d progestogen and progesterone.

Explain why offspring produced by asexual reproduction

are similar to their parents, whereas offspring produced by
sexual reproduction differ from their parents.

Why does DNA need to replicate before cell division?

Describe the journey of a human ovum from the ovary to
when it is fertilised.

Use words and arrows to describe the journey of a sperm
until it reaches the ovum.

Draw a diagram of a sperm and an egg at the exact
point in time that fertilisation occurs. Nuclear detail
is important.

Describe the hormonal control of gamete production and
fertilisation.

Explain why, during the reproductive cycle, ovulation
cannot occur in a pregnant female.
Name two hormones secreted by:

a the pituitary gland, that act on the ovary in human
reproduction, and describe their action

b the ovary, that act on the uterus of a female during
sexual reproduction.

Create a flow chart to model the hormonal control of
pregnancy in human reproduction.

Referring to the graphs in Figure 2.35, explain the
relationship between FSH, LH, oestrogen and
progesterone in:

a bringing about ovulation
b bringing about menstruation.
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28 Explain the mechanisms in human reproduction that the time of the month when a female is most fertile
ensure; and ovulating, including an explanation of hormonal

a sperm find the egg cell levels
b only one sperm fuses with the egg. the conditions necessary for implantation of an

‘ _ ‘ embryo and maintenance of pregnancy in a female,
Construct a table to summarise the hormones involved in including the influence of hormone levels

the control of pregnancy and birth, and the functions of

the conditions necessary for healthy sperm production
these hormones. y Yy sp P

in a male, including an explanation of hormonal levels.
Create a brochure for a healthcare facility to explain two of

. Using examples, explain why farmers rely on vegetative
the following: 9 P P y y g

propagation as a form of asexual reproduction in plants.
a the role of the placenta in supporting foetal

development. Explain the necessity for correct :‘:
hormone levels .

the b|0|gg|ca| process of birth, |n‘c|ud|ng an Exam
explanation of hormonal regulation preparation
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Cell replication

Students:

= model the processes involved in cell replication, including but not limited to:
mitosis and meiosis
DNA replication using the Watson and Crick DNA model, including nucleotide composition, pairing and
bonding

How important is it for
genetic material to be

replicated exactly? . - .
= assess the effect of the cell replication processes on the continuity of species

Biology Stage 6 Syllabus © NSW Education Standards Authority for and on behalf of the Crown in right of the State of New South Wales, 2017
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Assessments 3.3 Literature review of the effect of cell
replication processes on the continuity of
species

® Chapter review
® Review quiz
® Exam preparation Worksheets

® The discovery of DNA

r ® Chromosomes - keys to inheritance
3.1 A practical and secondary-source 0 e srueue of nudcie seids

investigation of mitosis .
® Evaluating resources

3.2 Modelling DNA replication using the Watson
and Crick model

Investigations

To access these resources, visit

:‘ 2 Ne lson Min dTap cengage.com.au/nelsonmindtap

Have you ever wondered why it is so important for genetic material
to be replicated exactly? Each living creature has a different genetic
code that carries instructions for its own production. How do the
genetic instructions for wombats differ from those for koalas, dogs,
penguins or even mushrooms? Parents give rise to offspring of the
same species, with a similar genetic makeup to their own, so they

Parkinson/Nature Picture Library.com

can survive in the same environment. It is essential that organisms
pass on their own unique genetic instructions or information from
one generation to the next, to ensure the continuity of the species. e ;
How can Something as tiny as a cell carry all the instructions FIGURE 3.1 Genetic instructions for a sheep differ from those
needed to make a large, complex, living organism? When scientists of a bird, grass or flowers.
began searching for the ‘code of life’ in cells, they realised that the
genetic code would need to be in molecular form to be small enough to fit all the instructions into a cell.
As chromosomes are composed of DNA (deoxyribonucleic acid) and protein, scientists deduced that the
genetic code must be carried by one of these two macromolecules - either in proteins or in DNA.
It was expected that the genetic code would be complex, because it needs to store large amounts of
information accurately over long periods of time. The genetic code would also need to be copied exactly
and any errors that arose during copying would need to be easily fixed. Most scientists favoured protein
as the carrier of the genetic instructions, because proteins are complex and varied, being made up of at
least twenty different amino acids.
In 1953, James Watson and Francis Crick discovered the structure of DNA and how it held the ‘code
of life. What surprised most biologists was that genetic information could be carried by a molecule that
uses an alphabet’ made up of only four ‘letters” the bases adenine (A), cytosine (C), guanine (G) and
thymine (T). In the decade following 1953, the combined work of many scientists led to an understanding
of how the information in DNA can lead to specific proteins being produced.
In this chapter, you will find out how Watson and Crick worked out the structure of DNA, as well as
when and how genetic material is replicated and why it is so important for replication to be exact.

Cell division — mitosis and meiosis

Why do cells need to divide? What mechanisms are in place for the faultless transmission of genetic
information from parent to daughter cells during division? When a cell divides, how does every daughter
cell get an exact copy of the genetic instructions? As you study the mechanisms of cell division, you will
discover how this is achieved.
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There are two types of cell division: mitosis and meiosis.

In unicellular protist organisms, cell division by asexual binary fission is common - one organism
becomes two and no sex cells or gametes are involved. In multicellular organisms, cell division by mitosis
leads to the formation of two new identical cells that contribute to the growth of the organism.

Meiosis is a different type of cell division. It gives rise to gametes that transmit genetic material
from one generation to the next during sexual reproduction. Meiosis will be dealt with in more detail in
Chapter 5.

The role and importance of mitosis
Mitosis plays an important role in:

» growth of multicellular organisms - from fertilised egg to embryo, from infant to adult, growth relies
on mitotic division followed by cell assimilation, enlargement and differentiation

» repair of damaged tissue and replacement of worn-out cells

» asexual reproduction - for example, growth of plants from cuttings, and the cloning of organisms

»  geneticstability - mitosis ensures the precise and equal distribution of chromosomes to each daughter
nucleus, so that all resulting cells have the same chromosome number and genetic information as
each other and the original parent cell.

See Chapter &, Most multicellular organisms start life as a single fertilised egg cell or zygote, which grows into an

page 129 for embryo. Embryonic cells are able to divide repeatedly and are pluripotent (that is, they have the potential
information on . . . .

stem cells and gene to develop into any type of tissue) (Fig. 3.2). These cells are termed embryonic stem cells. You may have
expression. heard of these already, because the use of embryonic stem cells is a subject that often draws media

attention and discussion among people. This is because the use of these cells in therapeutic medicine
and for research involves the destruction of the embryo, a contentious issue. This will be dealt with in
greater detail in Chapter 8.

In mature organisms, not all cells continue to divide. As cells differentiate and specialise, they form
tissues, and some of these cells lose the ability to divide by mitosis. Dividing cells remain at particular
locations within the adult body; for example, dividing cells in the basal layer of the skin replace dead

surface skin cells, and cells in bone marrow give rise

2-cell stage 4-cell stage 64-cell stage to blood cells. Adult stem cells occur in almost every
P ann type of tissue but they are pre-specialised; for example,
brain stem cells can only make brain tissue and heart

; |

:

{ [ ] | (1
| y
| /
|

N\’

stem cells can only make cardiac tissue. Cells in bone
marrow can give rise to all types of blood cells, and so

they are termed ‘multipotent’. These adult stem cells
can therefore not be used as widely in all types of tissue
regeneration as pluripotent embryonic cells. Researchers
are continuing to investigate how adult stem cells can
be made pluripotent, so they can be used in tissue
and organ regeneration. Unfortunately, reversing pre-
specialisation of cells in tissue culture tends to make

Cells have the cells turn cancerous, so there is still much research to be

Eoteﬂtia| to done in this area.
ecome an : vi
cell type. y In plants, tissue that can divide to form any other

tissue is known as meristem and occurs at particular

FIGURE 3.2 Early stages of mammalian embryonic development: mitotic locations in the plant, such as the tip of the stem and
division of pluripotent embryonic stem cells the tip of the root.
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The role and importance of meiosis

Meiosis is the type of cell division that occurs in the sexual reproductive organs of a plant or animal, and
results in the formation of gametes (sex cells).

During sexual reproduction, two parents are involved in passing genetic material to the offspring.
To prevent the chromosome number from doubling in each successive generation, a mechanism must
exist to ensure that each parent contributes only half of his or her chromosomes to the new offspring.
This mechanism is meiosis, a type of reduction division in cells in the reproductive organs of both plants
and animals. Meiosis ensures that the chromosome number of each species is maintained (not doubled)
during sexual reproduction (Fig. 3.3).

When a cell divides by meiosis, DNA replicates before division. The cell then undergoes two
successive divisions:

» meiosis I, where the diploid cell divides into two -
haploid cells and the chromosome number is halved —H’(/—_\
» meiosis II, where the two cells each divide again, @Fusion )
resulting in four haploid daughter cells (called form zygote Zygote (2n)
a tetrad). (n L
Each daughter cell has half the original number of
chromosomes that the parent cell had. Egg (n) Sperm (n) |

These resulting daughter cells, or gametes in plants @ ;;f// ;/\

and animals, are:

» egg cells (in ovaries) and sperm cells (in testes) in
animals

»  pollen grains (in anthers) and egg cells (in ovules) in

Meiosis

(2nton) \

. Meiosis
seed-producing plants. Gnton
Gametes are often referred to as ‘vehicles of
inheritance’ because they carry genes from one
generation to the next. Adults (2n)

Meiosis is also the process by which genetic variation
is introduced into a species. The process of meiosis and
its contribution to genetic variation is dealt with in

Refer to Chapter
2 for information
on asexual

and sexual
reproduction, and
to Chapter 9 for
information on
cloning.

Mitosis
(differentiation
and growth)

Haploid stages
Diploid stages

FIGURE 3.3 Life cycle of humans showing the importance of meiosis

detail in Chapter 5. (formation of haploid gametes) and mitosis (differentiation and growth)

An organisms genetic code contains instructions for every feature of the individual, from its
biochemistry, which allows it to function properly, to its physical features and body size. The genetic
code even holds instructions for how its own genes are expressed and therefore for how all biological
information in the organism is read, processed and converted (translated) from its coded form (DNA)
to its end product (protein).

When a cell divides into two, it is vital that the DNA passed on to each daughter cell is an exact
copy, so that each generation of cells contains the same genetic instructions. In unicellular organisms,
the genetic code passed from parent cells to offspring maintains the genetic stability of the species. In
multicellular organisms, all cells making up the body must contain the same genetic code so that they
can function in a controlled and coordinated way.
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Weblink
Cell cycle
Play the animation and
do the quiz to check
your understanding.
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Weblink
Cell cycle game
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Weblink
Cell cycle animations
Watch the five short
animations on the cell
cycle and cancer.
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Along the chromosome are long sequences of base pairs in specific regions of DNA that form units
called genes. Genes code for the production of proteins, which in turn make up a large proportion of the
structure of cells and also regulate the functioning of cells. For example, many body parts such as bones,
hair, skin, muscles and connective tissue contain proteins, which are coded for by genes. Some proteins
are enzymes (as you learned in Year 11), and these carry out and control all cell functions. Each step of
every biochemical reaction in cells, such as chemical respiration and photosynthesis, is controlled by
enzymes.

It is therefore vital for the functioning of cells and the stability of species that the genetic code is
passed on without error. During mitosis, DNA is replicated precisely and the copies of all genes are
divided up equally between the resulting cells. The cells are therefore clones of each other. In exploring
the process of mitosis, you will see how this happens in somatic (body) cells.

All cells need to make particular end-products and function in a coordinated manner. DNA codes for
proteins used inside the cell, as well as proteins such as hormones and enzymes that are exported and
coordinate functioning or direct protein synthesis in other cells. A change in DNA, known as a mutation,
may change the end product and, as a result, may have a harmful effect on the cell, by interfering with
its structure and/or functioning. Sometimes mutations have no effect, and occasionally they may be
beneficial. You will learn more about mutations and genetic variation in chapters 5 and 7.

e Binary fission is cell division that occurs in prokaryotes for asexual reproduction.

Mitosis is the nuclear division of eukaryotic cells for asexual reproduction (in unicellular
organisms and propagation in plants) and for growth and repair (in multicellular organisms).

Meiosis is the nuclear division of eukaryotic cells for gamete formation in sexual reproduction.
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Many protists, plants and fungi can reproduce by mitosis (asexual reproduction).
Mitosis in multicellular organisms is a mechanism for tissue growth, maintenance and repair.

Meiosis is the type of cell division that occurs in the sexual reproductive organs of a plant

or animal and it results in the formation of gametes (sex cells) with the haploid number of

chromosomes. It also introduces genetic variation into a population.

e In 1953, James Watson and Francis Crick discovered and modelled the double-helical structure
of DNA.

e The sequence/order of the bases A, T, C and G in DNA holds information in a coded form.

e DNA replication is vital for the continuation of a species, as it allows an organism to reproduce
its genetic code and pass it on.

Cell division and enlargement occur in a repetitive sequence called the cell cycle (Fig. 3.4). Mitosis is only
one part of this cycle and usually takes about an hour or two. A complete cell cycle in actively dividing
cells may take about 18-22 hours. The cell spends a large amount of time preparing for division (a stage
called interphase, which precedes mitosis).

The cell cycle has four main phases.

» G, is a gap phase for cell growth before DNA replication. During this phase, cell enlargement takes
place. Metabolic changes prepare the cell for division and the cell reaches a point at which it is
committed to division, then enters the next phase.

»  Sisasynthesis phase during which DNA replicates — that is, the DNA in the cell is copied so that each
dividing cell has two identical copies at the start of mitosis. At the end of cell division, one full copy
ends up in each resulting daughter cell.

» G, isasecond gap phase after replication, when enzymes in the cell check the duplicated chromosomes
for any errors and correct these, and the cytoplasmic materials accumulate in preparation for division.

»  Mitosis (division of the nucleus) then occurs, followed by cytokinesis (division of the cytoplasm).
Cytokinesis marks the separation of one cell into two.
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In actively dividing tissue, following cytokinesis, each cell will enter G, again to repeat the cell cycle.
This begins with a period of assimilation and cell enlargement, where cells increase in size by assimilating
new materials into the cell boundaries and cytoplasm. This new material is made from the nutrients that
an organism acquires. For example, these nutrients are the end products of digestion in animal cells and
of photosynthesis in plant cells.

Not all cells continue to go through cyclical divisions. The basal layers of cells that need to be replaced
often, such as skin cells and cells lining the digestive tract, divide rapidly. Some adult cells do not divide
frequently and others, such as nerve cells, may last a lifetime. These cells are said to be terminally
differentiated. They are in a phase called the G, phase and only re-enter the cell cycle under special
circumstances.

Mitosis: division of the nucleus

Mitosis is the type of nuclear division that ensures that daughter cells receive the same number and
form (exact copies) of chromosomes as the parent cell. Therefore, before a parent cell can divide it must
make an accurate and complete replica of the genetic information encoded in its DNA. This needs to
be accurately and equally distributed to the resulting daughter cells. Mitosis is a gradual and continuous
process, but is usually described in four phases: prophase, metaphase, anaphase and telophase.

In order to understand the stages of mitosis, you need to be familiar with the following concepts:

» Inanon-dividing cell, the DNA wound around protein is known as chromatin (Fig. 3.5).

» Chromosomes contain linear sequences of genes, the units of heredity that code for the inherited
characteristics of an organism; for example, there are genes on human chromosomes that determine
eye colour, hair colour and height.

FIGURE 3.4 The cell
cycle
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» Each organism has a set number of chromosomes ( for example, humans have 46 chromosomes, a
platypus has 52 and a lettuce has 18).
» During the S phase, chromosomes replicate and the two chromosome copies or chromatids are held

together by a structure called a centromere. These sister chromatids (Fig. 3.5) separate and move to
opposite poles during mitosis. They are now known as daughter chromosomes and are distributed
into two daughter nuclei. Following this, the cytoplasm divides, separating the two daughter nuclei

from

FIGURE 3.5
Structure of a
chromosome at the
start of mitosis
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Stages of mitosis

At the start of mitosis, DNA is so condensed or highly folded that the chromosomes are visible with a
light microscope.

Although mitosis is a continuous process, it is easier to understand if we divide it into identifiable stages.
There are four main stages of nuclear division in mitosis: following interphase (the S phase during which DNA
replication takes place) are prophase, metaphase, anaphase and telophase. The late stages of nuclear division
are accompanied by the start of cytokinesis. The process of cell division is summarised in Table 3.1. To keep

the diagrams simple, only two pairs of chromosomes (four chromosomes in total) are shown in each cell.
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TABLE 3.1 Mitosis in an animal cell

STAGE DESCRIPTION DIAGRAM

Interphase/early

prophase

Interphase occurs in the S phase of the cell cycle, where DNA
synthesis occurs: DNA replicates (makes an identical copy of
itself). It appears diffuse and spread out and is termed ‘chromatin’.
It is not yet recognisable as individual chromosomes.

In early prophase (seen in this image), DNA begins to separate
into chromosomes.

Nucleolus
Parent

cell

Cell
membrane

Nuclear -
membrane Centrioles
Chromatid

G,, early prophase: DNA replication complete

Mitosis

Prophase

In prophase, the chromatin material shortens and thickens by
coiling and the DNA separates out into chromosomes, which are
now visible with a light microscope.

Each chromosome contains two copies of the DNA.

Each copy is called a sister chromatid and these are joined by
a single centromere.

The nuclear membrane begins to break down and is no longer
visible; a spindle begins to form from the broken-down material
and extends across the cells (like the imaginary lines of longitude
that are drawn on a globe of the world).

Chromosome splits
longitudinally

Sister
chromatids

membrane
breaks down

Centromere begin to form

Prophase: chromosomes condense, become visible and
spindle apparatus forms

Metaphase

In metaphase, the chromosomes line up across the centre or
‘equator’ of the cell, each attached to the spindle fibres by a
centromere. Each chromosome consists of two identical sister
chromatids.

Spindle fibres

Centromere Chromatid

Metaphase: chromosomes align along the equator of the
cell

Anaphase

Anaphase begins when proteins in the centromere are cleaved, which
allows the sister chromatids to separate. Each chromatid becomes a
chromosome. The spindle fibres contract and the chromosomes are
pulled by their centromeres to opposite ends of the cell.

The spindle fibres contract and, as the sister chromatids
begin to separate, they are now known as daughter
chromosomes. They are pulled towards opposite poles of the cell
and their movement is assisted by the centromere.

Centromere

Spindle
fibres
contract

Daughter
chromosome

Anaphase: sister chromatids separate to opposite poles
of cell

9780170485067

Telophase

The daughter chromosomes gather at opposite poles of the cell.
The spindle breaks down.
The nuclear membrane and nucleolus reappear.

Nuclear division or mitosis is now complete. The result is
two nuclei with chromosomes identical to each other and to the
original nucleus in the parent cell.

The nuclear membrane forms around the two nuclei, now
called daughter nuclei. Mitosis is now complete.

Nucleolus

Daughter
nuclei

Nuclear
membrane
re-forms

Chromosome
Nucleolus

Telophase: nuclear membranes assemble around two nuclei
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FIGURE 3.6 Root tip cells undergoing mitosis and
cytokinesis, showing mitotic stages (in order from top
left to bottom right) interphase, prophase, metaphase,
anaphase, telophase and cytokinesis. Chromosomes
have been stained with toluidine blue.

86 MODULE FIVE » HEREDITY

appear on the spindle fibres in the region of

then deposited on either side, forming a cell

@2

Cytokinesis in animal cells: division of cytoplasm into
two; G;, cell growth of daughter cells

Nucleus Cell plate Nucleus  Chromatin
forms material
- Cell wall
—

Cytokinesis in plant cells

Cytokinesis

Cytokinesis is the final step in cell division (Table 3.1,
Fig. 3.6). 1t is the division of the cytoplasm and
begins while the nucleus is completing its division.
Cytokinesis is important because it separates the
newly formed daughter nuclei and ensures that each
cell has only one nucleus. The outcome at the end of
mitosis and cytokinesis is two daughter cells with
chromosomes that are identical to each other and
to the original parent cell. The daughter cells then
enlarge until they are the same size as the original
adult cell (during G,, assimilation as well as cell
enlargement occurs). The nucleus of each cell controls
all cell activities. The ratio between the proportion
of nucleus and cytoplasm remains constant. If the
cytoplasm exceeds a certain proportion of the cell,
the ability of the nucleus to control its functioning
decreases and this may help trigger cell division.

9780170485067




Telomeres and ageing

As people age, some of the cells in their dividing layers reach
a point where they can no longer divide. Scientists have
discovered that there is a change in the structure of the ends of
the chromosomes in these cells. A telomere is a DNA—protein
region at each end of a chromosome that seems to function in
preventing chromosomes from sticking to each other (Fig. 3.7).
Telomeres seem to have additional functions in extending the
life of a cell, such as protecting the genome from degradation
and unnecessary recombination and repair. Children have
longer telomeres than older people. With successive divisions,
a small amount of DNA is lost from the telomeres in a cell
and they become shorter. Once the telomeres reach a certain
predetermined length, the cell stops dividing and this leads to
cell senescence and/or death. There seems to be variation in

Short arm

Longarm

Centromere

AAUCCC

[TTAGGG][TTAGGG]|[TTAGGG][TTAGGG

[AATCCcC][aATCCC][AATCCC][AATCCC]

Chromosome

Telomeres

FIGURE 3.7 A telomere is a region at the end of a chromosome that
shortens as we age.

the length of telomeres that people are born with and in the rate at which they shorten. Lifestyle choices
may also influence telomere shortening. This has become an interesting area of research into ageing

and disease.

A practical and secondary-source investigation of mitosis

INTRODUCTION

Mitosis can be observed relatively easily in cells in the growing region of a root tip. In prepared slides, these
cells have been dyed using a stain (such as acetic orcein or a counterstain with toluidine blue) that is taken up

specifically by chromosomes.

Because the tissue in the prepared slide is no longer living, you will see the cells in the stages of division

that they were in when the root tip was killed with a fixative.

The division of cells at any one time is not synchronised — different cells are in various stages of division. The
phase that is most commonly represented in the slide is the phase that cells remain in for the longest period of
time. Review the cell cycle and predict which phase you would expect this to be.

Using the formula for the mitotic index, you can calculate the proportion of cells in the field of view that are
undergoing mitosis compared with the number not undergoing mitosis (and instead are in the interphase or

growth phase).

The prepared slides that you will look at show stained tissues that are no longer living. Modern advanced
microscopy techniques (not usually available in schools) would allow you to view and record living tissue that is
actively dividing. Videos taken using this technology are available for viewing on the Internet, often on YouTube.
You are encouraged to view video clips taken in real time of cells dividing. Record all the references that you use.

To gather information on the sequence of changes in the nucleus of plant cells undergoing mitosis

PREDICTION

Review the cell cycle and predict which phase you would expect to see the most number of cells in.

MATERIALS

compound light microscope
prepared slides of onion root tip

9780170485067
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RISK
ASSESSMENT

Revise microscope
safety and risk
assessment from
Biology in Focus
Year 11.

Numeracy

RISK ASSESSMENT

Complete the table to assess the risks and outline how you can safely manage these.

Microscope

Glass microscope slides

Using correct microscope technique, observe a prepared slide of a root tip using the compound light

microscope.

Under low power, locate and identify the apical meristem. This is found just behind the root cap and is
easily identified by numerous small cells that appear square in shape and have nuclei that are large relative
to the whole cell area. Look for cells with darkly stained chromosomes, indicative of mitosis occurring.
Move the slide so that these are in the centre of your field of view and then change to high power to

observe them in detail.

Under high power, identify cells in at least four different stages of mitosis. Use figures 3.6 and 3.8 to assist you.

FIGURE 3.8

A photomicrograph
of onion root tip cells
undergoing mitosis,
with examples of
the different phases
highlighted

Interphase

Cell cycle stages in an onion root tip

Science Photo Library/Steve GSchmeissner

Cytokinesis

Interphase

Anaphase

Record your results in the form of fully labelled diagrams. Remember to include a heading for each diagram
and state the magnification used. Write a brief description of what is happening at each stage in the

diagram.

You may wish to take photographs of your field of view using your mobile phone. Print the photograph and
label on it the various stages of cell division that you can see.

Calculate the mitotic index of your field of view (refer to Introduction) using the formula:

Mitotic index =

number of actively dividing cells in field of view

total number of cells in field of view

Write a practical report using a procedure text type, under the headings Aim, Risk assessment, Materials,

Method, Results and Conclusion.
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DISCUSSION

Discuss the accuracy, reliability and validity of data you gathered during the investigation. Estimate the
uncertainty of measurements in your data. (See Chapter 1, page 20 for estimating uncertainty.)

CONCLUSION

Write a summary statement that relates to the aim and your prediction in this investigation, including a brief
outline of what you found.

EXTENSION

Carry out one of the following optional extension activities.

Find a video clip of mitosis filmed under a light microscope or fluorescence microscope in real time. Record
the weblink so that your peers can view it.

Estimate the duration of each stage of mitosis by recording data on the observed frequencies of each stage
of cell division in your field of view. Present your data in table format, using Table 3.2 as a guide.

TABLE 3.2 Observed frequencies of stages of cell division in a root tip field of view

OBSERVED OCCURRENCE IN REPRESENTATIVE
MICROSCOPE FIELDS DURATION
% OF TOTAL ESTIMATED TIME

STAGE OF CELL DIVISION NUMBER OF CELLS % OF TOTAL CELLS TIME (MINUTES)

Interphase

Prophase

Metaphase

Anaphase

Telophase

Cytokinesis

Replication of DNA outside the nucleus

Although each cell has one nucleus, it will have many organelles such as mitochondria and chloroplasts
in the cytoplasm. The number of each type of organelle depends on the functions of the tissue. Cells
that require large amounts of energy have many millions of mitochondria. Photosynthesising cells in the
leaves of plants have many chloroplasts. Just as cells divide, these organelles must also divide to maintain
their numbers for normal tissue functioning.

A small amount of DNA is located in organelles such as mitochondria and chloroplasts, in the
cytoplasm. This DNA, called non-nuclear DNA or extrachromosomal DNA, carries genes that are
important to cell metabolism.

In cytokinesis, when the cytoplasm divides in half, organelles in the cytoplasm such as mitochondria
and chloroplasts reduce in number per cell, as they are now distributed between two daughter cells. To
avoid a repeated reduction in quantity with each cell division, mitochondria and chloroplasts need to be
able to replicate themselves. These organelles contain their own small amounts of DNA and replicate
independently of the nucleus, in this way maintaining their numbers in successive generations of cells. By
the time the daughter cells have grown to the size of the original cell, organelle replication has occurred
to restore the organelle number to that of the original cell. Assimilation is important in the growth of
many organelles, such as the endoplasmic reticulum.

The DNA in mitochondria is referred to as mtDNA (mitochondrial DNA). Molecules of mtDNA are
much shorter than nuclear DNA molecules and are arranged in a single circle.
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In gamete production in humans, all mitochondria inherited by offspring are located in the cytoplasm
ofthe egg cell. Sperm cells are tiny and have very little cytoplasm, because they are made up predominantly
of a nucleus and a tail for swimming. Therefore children inherit all their mtDNA from their mother. No
mtDNA is inherited from the father. Therefore, studies of mtDNA reflect maternal inheritance over many
generations.

e There are two types of nuclear division — mitosis and meiosis.

The repeating sequence of cell growth and division that a cell passes through is called the
cell cycle, with phases G, S, G, and M.

KEY CONCEPTS

Specialised cells are differentiated and no longer go through the cell cycle.
Mitosis has five phases: interphase, prophase, metaphase, anaphase and telophase.
Interphase is G, S and G, of the cell cycle. DNA replication takes place during the S phase.

In metaphase, sister chromatids held together by a centromere line up on the equator of the
cell.

e In anaphase, the sister chromatids separate from each other and move towards opposite poles,
drawn by contraction of the spindle fibres.

e Cytokinesis is division of the cytoplasm and begins as nuclear division is ending.
e Cells that form by mitosis have the same genetic material as their parent cell and each other.

e Organelles in the cytoplasm that have their own DNA, such as mitochondria and chloroplasts,
replicate independently of the nucleus.

e Telomeres decrease in length with each division, and short telomeres are a sign of ageing.

HECKYOUR
UNCDEFESTAﬂglNG 1 Define each of the terms below and draw a fully labelled diagram to distinguish between them:
chromatin, chromosome, chromatid, centromere.
@ 2 Explain the difference between a chromatid and a chromosome.

3 Distinguish between cell division and mitosis.

N

a Describe the main difference between unicellular organisms and multicellular organisms with respect
to the role of mitotic cell division.

b State two other important roles of mitosis in multicellular organisms.

ol

Compare cytokinesis in plant cells with that in animal cells.

a Draw a fully labelled comparative diagram, to compare early prophase with metaphase in a cell that is
dividing by mitosis.

b Explain why more cells are found in interphase than in any other phase of mitosis in the field of view of
the dividing region of a root tip cell.

DNA structure — the Watson
and Crick model

Today we know that cells carry their biological information in a molecule called DNA (deoxyribonucleic
acid). However, the actual chemical nature and chemical structure of the hereditary material and
genes was a mystery until the middle of the 20th century.

A brief history of the discovery of DNA

In 1869, Swiss scientist Friedrich Miescher discovered a chemical he called nuclein, and showed that
this distinct chemical was commonly found in the nuclei of cells in a variety of tissues. His nuclein’
proved to be made up of DNA and associated proteins from cell nuclei. Miescher is therefore credited
with being the first scientist to identify DNA as a distinct molecule.
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By 1910, chromosomes had been discovered. At that stage, scientists knew that they were made up
of a mixture of DNA and protein and that they carried the units of heredity called genes (named in 1909
by William Johannsen).

Over the next 30 years or so, the common expectation among scientists was that the secret of
heredity would be found in proteins, because their building blocks were more varied — twenty amino
acids, compared with DNA's four bases. However, by the mid-20th century, a number of scientists were
moving towards the idea that DNA carried the genetic information.

In 1944, Oswald Avery and his team, working on bacteria at the Rockefeller University hospital in New
York, first provided experimental proof that DNA, not protein, is the hereditary material.

Many biologists were not convinced, as they were suspicious of Avery’s methodology and thought he
may have obtained his results using DNA that had been ‘contaminated’ by protein. The race was on in
laboratories around the world to try to solve the puzzle - the structures of both protein and DNA were

being investigated.
Two leading teams in England were working on the molecular structure of biological molecules at
the time:
» James Watson and Frances Crick worked in the Cavendish laboratory at Cambridge University, under ot
the leadership of Lawrence Bragg. <
»  Maurice Wilkins and Rosalind Franklin worked at King’s College in London, under the leadership of
John Randall. ﬂ‘:\fgfchofry
of DNA

By 1951, highly competitive teams of scientists in these British laboratories were doing similar
research, as was the American laboratory of Linus Pauling. There was a longstanding rivalry between
Lawrence Bragg and Linus Pauling (who had won a Nobel prize for his work on chemical bonds). Early in
1953, Linus Pauling proposed that DNA was the heredity molecule and that its structure was a triple helix.

Watson and Crick used chemical and X-ray evidence to construct a model of the molecular structure
of DNA (Fig. 3.9). The model revealed a stable molecule that could store large amounts of information. It
was a two-stranded molecule, with paired bases twisted into a spiral ladder. Because of its structure, they
called the DNA molecule a double helix’ (and the name of the book that Watson later wrote, describing
their journey of discovery, was The Double Helix). An interesting and critical feature of their model was
that it could be used to explain how the molecule could self-replicate.

Science History Images / Alamy Stock Photo

FIGURE 3.9 aJames Watson (left) and Francis Crick (right) with their model of DNA structure (1953); b James Watson in later
years, with some of the many books he wrote about DNA and science
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Watson and Crick’s model of DNA showed a large linear molecule arranged as a double helix or
‘twisted ladder’, with four nitrogenous bases that were held in pairs by hydrogen bonds. Their model
suggested that genetic information could be stored in the order or sequence of the bases that make up
the middle of the DNA structure. On 28 February 1953, Watson and Crick won the race, and announced
that afternoon, at a pub called The Eagle, that they had discovered ‘the secret of life’

BSigns /JAlamy Stock Photo

FIGURE 3.10 aThe Eagle pub in Cambridge, England, and b the plaque outside the pub to commemorate where Crick and Watson celebrated

their discovery
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Watson and Crick had worked collaboratively, evaluating the processes, claims and conclusions
of other scientists. They had asked questions of colleagues such as Maurice Wilkins who, in response,
had shown them Rosalind Franklin's X-ray crystallography photograph of DNA (without first asking her
permission) to Watson when he visited the laboratory. Watson and Crick applied critical and creative
thinking, both in predicting what to expect and in analysing the primary and secondary chemistry and
crystallography data they had gathered.

They considered the quality of all available evidence from a variety of scientists and used reasoning to
construct their scientific predictions and arguments, subjecting the model they were building to rigorous
testing and validation. As a result of their innovation, their attention to sound scientific detail and their
collaborative approach, they came to the valid conclusion that won them a Nobel Prize in 1962. Avery
and his team may also have been in line for a Nobel Prize but, like Rosalind Franklin, Avery died before
this prize could be awarded to him.

DNA structure — the Watson and Crick model

Crick realised that each DNA strand, comprising a sugar-phosphate backbone, is antiparallel to the
other, meaning that the twisting strands run parallel to each other but in opposite directions. X-ray
crystallography photographs of the DNA structure suggested a set distance between the ‘backbones’
of the molecule. Thus, each base could have one end attached to the backbone and the other end
hydrogen-bonded to another base. So the bases lined up between the backbones, like the rungs of a
ladder (Fig 3.11).

Nucleotide pairing and bonding

Watson and Crick realised that in their DNA model, to ensure the DNA backbones remain equidistant
from each other, a double-ringed purine base needs to bond with a single-ringed pyrimidine base. The
purine base adenine must therefore bond with the pyrimidine base thymine (A and T), and the purine
base guanine must bond with the pyrimidine base cytosine (G and C).
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Nature Education 1(1):100 (Figure 4: Base pairing in DNA)

Adapted from Pray, L. (2008) Discovery of DNA structure and function: Watson and Crick.

Hydrogen bond

: ' 3’ end Base pairs

FIGURE 3.11 The chemical structure of DNA, showing its antiparallel backbone and base pairing: a the molecular structure of DNA showing the
sugar-phosphate bonding and hydrogen bonding of base pairs; b a simplified version of DNA

From the chemistry of this pairing, they also predicted that the DNA strands would be held together
by weak hydrogen bonds between the paired bases: a double bond between A and T, and a triple bond
between G and C (Fig. 3.12). Watson and Crick found evidence for this pairing, as it fitted with Chargaft’s
‘parity rule’. In 1951, Austrian biochemist Erwin Chargaff discovered that, in DNA, the ratio of the bases
A:Tand C:G was always 1: 1.

Watson and Crick realised that this complementary base pairing could also be used to predict how
DNA could be copied. They published their research paper, titled, Molecular structure of nucleic acids, in
1953. In this paper they stated: Tt has not escaped our notice that the specific pairing we have postulated
immediately suggests a possible copying mechanism for the genetic material’.

DNA serves as a template for replication
Watson and Crick’s DNA model showed all the requirements expected of hereditary material.

» DNA can carry, in coded form, all the instructions for the formation and functioning of cells, despite
the fact that its ‘alphabet’ consists of only four nitrogenous bases.

»  The structure of DNA allows for its own replication. To copy DNA, each strand can serve as a template
for enzymes to synthesise a new complementary DNA strand.
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) » DNA can be transferred from one generation to the next, packaged in the form of chromosomes and

“d carried by gametes. It was discovered that proteins associated with DNA in chromosomes have the

) role of keeping DNA ‘neatly packaged’. DNA is coiled around these proteins (called histones), in much

The double helix the same way that cotton thread is wound around a cotton reel. This holds the long threads of DNA
Wateh this 16-minute in a compact way so that DNA is easy to sort and separate during cell division and can be efficiently

discovery of DNA. transported from one generation to the next. Histones are also thought to play a role in exposing

sections of DNA, so that genes can be expressed.

The vertical sides of the ladder are
made up of alternating sugar and
phosphate molecules (a
sugar-phosphate backbone) and
the rungs’ of the ladder are pairs of
nitrogenous bases (adenine, thymine,
guanine and cytosine or A, T, Cand
G).

Sugar-phosphate ‘backbone’

Each nucleotide is made up of a
phosphate group, a sugar
(deoxyribose sugar), and a
nitrogenous base attached to the
sugar.

Hydrogen bonds between
nitrogenous bases

There are four types of nitrogenous
bases: adenine, guanine, cytosine
and thymine.

3"end

R PO Chemically, bases pair in a particular
y manner: adenine with thymine and
The DNA molecule is a long-chain &2 guanine with cytosine (i.e. A-T and
molecule consisting of two — G-Q). They are held together in the

centre by hydrogen bonds, forming

complementary strands. Each
two complementary strands.

strand is made up of a sequence of
many nucleotides and the strands are
held together by weak hydrogen
bonds in the centre. The two strands
in the double helix model have an
‘antiparallel’arrangement — they run
in opposite directions.

Phosphodiester
bond

5"end

FIGURE 3.12 An annotated diagram of the DNA double helix molecule, showing sugar-phosphate backbone and base pairing
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TABLE 3.3 Validation of the model: Watson and Crick’s findings, and the evidence on which they were based

FINDING EVIDENCE-BASED REASONING

The whole DNA ‘ladder’ molecule, instead of being
flat, spirals and is therefore known as the ‘double
helix’

Evidence: X-ray crystallography suggested a helix measuring 3.4 nm for every turn,
and this fitted the model where exactly 10 base pairs would measure 3.4nm in
length and make up one twist of the helix.

The four types of nitrogenous bases: adenine (A),
guanine (G), cytosine (C) and thymine (T) always pair
as A-T and C-G.

Evidence: Chargaff’s rule stated that DNA from any cell has a 1:1 ratio of pyrimidine
and purine bases and, more specifically, that the amount of guanine is equal to
cytosine and the amount of adenine is equal to thymine. Watson and Crick found
complementary base pairing of pyrimidine—purine (that is, A-T and G-C) was
critical in keeping the backbones of DNA equidistant.

The two complementary strands of DNA are held
together in the centre by hydrogen bonds that form
between the complementary bases.

Reasoning: Chemically, when A bonds to T, a double hydrogen bond may form and
when G bonds to C, a triple hydrogen bond may form.

The strands of the backbone must be identical and
run in opposite directions (antiparallel).

Evidence: DNA crystal images, generated by Rosalind Franklin, looked the same
when they were turned upside down or backwards.

Reasoning: The backbones are made of sugar-phosphate molecules, based on the
ratio of these in the chemical analyses.

Each DNA strand serves as a template for the
production of a complementary strand, allowing the
double-stranded molecule to self-replicate.

Reasoning: The two complementary strands of DNA could ‘unzip’ or open up if the
hydrogen bonds break between the base pairs, allowing them to replicate.

Watson and Crick could form hypotheses about DNA's structure by building physical models of how the atoms fit together. Sometimes
they used cardboard cut-outs to represent the four nitrogenous bases and other subunits of DNA. They played with these on a desk,
like a jigsaw puzzle. They initially made an error in the configuration of the rings in thymine and guanine. By changing the arrangement
of atoms and making new cut-outs, based on a suggestion from Jerry Donahue, an American scientist, they found the perfect fit:
complementary base pairing, ratios to reflect Chargaff’s rule and the hydrogen bonding of purines to pyrimidine bases.

Nucleic acids as we know them today

There are two types of nucleic acids - DNA (deoxyribonucleic acid) and RNA (ribonucleic acid). Nucleic

acids contain the chemical elements carbon, hydrogen, oxygen, nitrogen and phosphorous. :“:

All nucleic acids are polymers made up of simple repeating units (monomers) called nucleotides.
Nucleotides may be linked together to form single chains, as in RNA, or double strands, as in DNA cporksheet
(Fig. 3.13). These DNA strands may be very long, For example, human chromosome 1 contains 249 million the key to
base pairs of DNA, representing approximately 8 per cent of the total DNA content of a human cell.

Each nucleotide is made up of three parts: a simple sugar (ribose in RNA, deoxyribose in DNA), a
phosphate and a nitrogenous base.

The genetic code is created in the consecutive sequence of bases. These base sequences differ in each
gene, providing the ‘genetic code for a cell.

Revise the

Comparing the roles of DNA and RNA in cells

» DNA stores the genetic information that controls the cell and thereby the whole organism.

structure of
nucleic acids from
Biology in Focus
Year 11, Chapter 3

» DNA is the main chemical making up chromatin in the nucleus, although small amounts of DNA are

also found in mitochondria and chloroplasts.

» DNAisresponsible for transmitting inherited information from one cell to another during cell division >%
s . . L 4
and from one generation to another during reproduction. .
» RNAis anucleic acid found in small amounts in the nucleus, and in larger amounts in the cytoplasm; Worksheet

it is usually associated with ribosomes.

The structure of
nucleic acids

»  RNA has the base uracil (U) instead of thymine (T).
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The three types » There are three types of RNA:
of RNA and their

functions are dealt
with in more detail
in Chapter 4. See

in Chap! ribosomal RNA (rRNA), which is associated with proteins in ribosomes, bringing mRNA and
o tRNA together during translation
DNA instructing

the formation of - transfer RNA (tRNA), which assists in ‘translating’ the mRNA message into proteins. (You will
proteins is also dealt learn more about this in the next section.)
with in Chapter 4.

messenger RNA (mRNA), which is involved in carrying information from DNA, transporting a
transcribed copy from the nucleus to the cytoplasm

Coiled DNA

~ Nucleus

\\\‘“")Il/mm\“‘““\“““

MMM

Nucleotide

i DNA double helix
75

\

2 Guanine /The four bases

| Thymine
3 Adenine

X \ | Cytosine

Sugar-phosphate
backbone of DNA

RNA

FIGURE 3.13 aThe nucleotide monomer is made up of base-sugar-phosphate, a single-stranded RNA polymer molecule or polynucleotide, and
a double-stranded DNA molecule (a polymer of nucleotides). b The four bases and sugar-phosphate backbone make up the DNA, which forms a
chromosome. Here the chromosome is composed of two identical (sister) chromatids, held together by the centromere.

DNA instructs the formation of proteins

See page 125 for the In 1955, Crick proposed that the order of the four bases (A, T, G, C) on the DNA molecule determines the
genetic codes for

netic sequence of amino acids in a protein. Their ‘sequence hypothesis’ could explain how the order of bases
amino scids. in genes along the chromosome can be translated into the language of proteins. By 1966, scientists had
cracked the genetic code and could show exactly which three-base sequences code for each amino acid.

e Each nucleotide consists of three parts — a phosphate, a sugar (deoxyribose sugar in DNA, ribose
sugar in RNA) and a nitrogenous base.

KEY CONCEPTS

e There are four types of nitrogenous bases and each nucleotide is named after the base that it

carries — adenine, thymine, guanine or cytosine nucleotides. These are often simply referred to
by their first letters - A, T, G and C.

e A and G are the larger double-ringed purine bases, and C and T are the smaller single-ringed
pyrimidine bases.

e Each DNA molecule is made up of two chains or strands that have an antiparallel arrangement
- that is, they are parallel but run in opposite directions.

e Each strand is made up of a sequence of many nucleotides, and the strands are held together by
weak hydrogen bonds between the bases in the centre of the DNA molecule.

e The advantage of these weak hydrogen bonds is that little effort is required to pull the bases
apart so that DNA can replicate or be decoded to form proteins.
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e The vertical sides of the ladder are made up of alternating sugar and phosphate molecules (a
sugar-phosphate backbone) and the ‘rungs’ of the ladder are pairs of a purine base linked to a
pyrimidine base: adenine-thymine (A-T) and guanine-cytosine (G-C). The bases are attached to
the backbone through the sugar component.

e The bases are arranged in a sequence along each strand of DNA (e.g. GGTCAGGCTTGAACGA)
and the length of a DNA molecule is presented as the number of base pairs (bp).

e The two strands of DNA unzip (weak hydrogen bonds break) for replication and gene
expression.

e RNA is a single-stranded molecule made of nucleotides, with a ribose sugar attached to each
phosphate to form the backbone; on the other end it attaches to a base, either A, U, C or G. RNA
does not have thymine, which is replaced by the base, uracil (U).

Create a timeline to summarise the contributions made by scientists in the discovery of the hereditary
material in cells. List the scientists in the chronological order of their discoveries and summarise their
findings under headings such as: Date, Name(s), Laboratory/Place of work, Contribution (theory/law/
hypothesis), and a brief description of findings in their research.

2 Describe the main features of DNA that Watson and Crick discovered, under the headings: Nucleotide
composition, Base pairing and Bonding.

3 Compare, using examples, the structure of a purine with a pyrimidine base.

n

Explain, in terms of the structure of DNA, why a purine had to combine with a pyrimidine to create a
double helix.

What is meant by the term ‘antiparallel’in describing the backbones of DNA?

Outline the three main requirements of hereditary material for it to be able to carry out its functions.
How does the structure of DNA support the idea that it can self-replicate?

Compare the structure and functions of DNA and RNA.

NV 00 N o0 o

Evaluate the benefits and limitations of the two DNA models shown in Fig. 3.11.

CHECK YOUR
UNDERSTANDING

DNA replication — the Watson
and Crick model

DNA replication is the production of two identical double-stranded molecules of DNA from one original

double helix molecule. DNA replicates during interphase prior to mitosis, and each cell receives one
exact copy of the coded instructions that control the basic life functions of the cell.

Watson and Crick noted that their model suggested a possible copying mechanism for the genetic
material. If the strands separated, each strand could act as a template for the synthesis of a new,
complementary strand. This is indeed what happens. This process of DNA replication in cells is termed
‘semi-conservative, as each resulting double-stranded DNA molecule has one new strand and one old’ or
conserved strand. This mechanism should ensure that the genetic material is copied exactly every time.

However, DNA replication is not quite as simple as it appears. The following features add complexity
to the process:

»  DNA has to be unwound from its spiral configuration before the strands can be separated.

»  Alarge number of physical and chemical reactions take place simultaneously during DNA replication,
and so a collection of enzymes is required to control each reaction.

»  The two strands of DNA run in opposite directions (antiparallel) and nucleotides can be added in one
direction only (onto the free 3" end).

» DNA replication errors sometimes occur and these need to be corrected.
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The process of DNA replication

DNA replication occurs in four main steps.
1 The DNA double helix unwinds.

Each DNA molecule is a double-stranded helix. An enzyme called helicase causes the DNA helix to
progressively unwind and the strands to separate (Fig 3.14a).

al

() &
Weak hydrogen bonds

Worksheet break, ca'talysed by
DNA replication DNA helicase.
DNA'is
unwound
by hellcase

DNA polymerase
adds nucleotides
to make new
DNA strands.

ﬂ Free .~ Q

nucleotides

2 N

o DNA unzips and the two strands separate.

o The DNA double helix unwinds.

a

M M
el (@
S 5
F F Hydrogen
|| Ld bonds form
S S
P P
S S
P P
= =] 4
s| |5 —p
P P
S S
P P
S S
p p
Original Newly Original
strand synthesised strand
strands
3 Nucleotides are added alongside both strands, () The resulting DNA molecules each contain half
opposite their complementary bases, to create a new of the original DNA molecule and a newly
strand along each original strand. synthesised strand (semi-conservative replication).

FIGURE 3.14 DNA replication - a simplified diagrammatic sequence
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2 DNA unzips - the two strands separate.

9780170485067

Using ATP as the energy source, helicase disrupts the weak hydrogen
bonds between the complementary bases of the nucleotides on
opposing strands. The DNA strands separate, exposing the nucleotide
bases (Fig. 3.14b). If you think of DNA as a ‘ladder’, each ‘rung’ splits
down the middle, starting at the bottom of the long DNA molecule
and creating a replication fork further up, where the DNA is still
joined (Fig 3.15). Single-stranded binding proteins (SSBs) bind to and
stabilise the newly separated single-stranded DNA.

Nucleotides are added against each single strand.

Each separate strand of the DNA molecule acts as a template for the
production of a new strand of DNA. For synthesis to be initiated, a
short strand of RNA needs to be made and attaches to the DNA - this
is known as a primer. RNA primers are made by the enzyme primase.

Next, the enzyme DNA polymerase Il adds DNA nucleotides,
to continue the synthesis of the new strand. It picks up free
nucleotide units (made of sugar-phosphate-base) floating in the
liquid background of the nucleus and inserts them opposite their
complementary base partner, using the existing strands as templates
and keeping the nucleotide pairing specific:

Adenine (A) always pairs with thymine (T) nucleotides.

Guanine (G) always pairs with cytosine (C) nucleotides.

Note: The two strands in a double-stranded DNA molecule run
in opposite directions - they are antiparallel. Each DNA strand has a
three prime (3’) end and a five prime (5”) end. Nucleotides are always

Complementary Original
chains of DNA DNA helix
Replication
fork
Pool of []
nucleotides
I
!:? Building
: units
DNA X 2y GO =P DNA
polymerase polymerase

Okazaki fragments

joined on this
strand by ligase

Template

New
chain ]

Leading Lagging strand

strand 3 end 5 end
Original

complementary strands

FIGURE 3.15 DNA replication showing a replication fork,
free nucleotides and DNA polymerase synthesising the
new complementary strands (drawn in yellow)

added from the three prime (3") end of a DNA strand. Therefore
nucleotide insertion during replication is also antiparallel along the
two template strands.

On one strand of DNA, nucleotides are added in a long chain, growing in the same direction as the
replication fork opens up. This is called the leading strand and replication is continuous.

On the other strand (the lagging strand), nucleotides are added in ‘chunks (called Okazaki
fragments), from the replication fork backwards (Fig. 3.15). Replication in this strand is therefore
discontinuous and the fragments are then joined up by an enzyme called ligase, to form one
continuous strand.

Replication errors are identified and corrected.

DNA polymerase I is a complex enzyme that can backtrack to proof read’ and ‘edit’ the strand. It
corrects any base pair errors by splicing out the incorrect base that was inserted into the new strand
and replacing it with the correct base.

Finally, the two new strands are sealed together by the enzyme called ligase. The final base pairing
is checked by another DNA polymerase enzyme, which recognises base pairing errors and carries out
base mismatch repairs, to ensure accuracy.

Despite these checking mechanisms, a small number of errors in DNA replication still occur -
about one in every ten billion base pairs. Incorrect base pairing results in a change in the DNA base
sequence, known as a mutation.

Cells may delay the progression of the cell cycle until DNA repair (during the G, phase) is complete.

Each resulting DNA molecule contains one strand of the existing DNA molecule and a newly
synthesised strand. The replicated DNA molecules rewind into the double helix conformation, like

Base mismatch
pairs are dealt
with in more

detail on page
104 (Fig. 3.18).

a~l
¢
R

Weblink
DNA replication
Watch this review of
DNA replication
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the original molecule. The end result is that there are two molecules of DNA, each a double-stranded
helix, identical to each other and to the original molecule from which they formed.

Enzymes ensure exact replication of DNA

Replication of DNA is a complex process and each step is controlled by one or more enzymes (Table 3.4,
Fig. 3.16). Most spontaneous changes in DNA are temporary because they are immediately corrected by

repair enzymes.

TABLE 3.4 Enzymes that regulate DNA replication

ENZYME FUNCTION IN DNA REPLICATION

Topoisomerase
(e.g. gyrase)

Relaxes DNA from its supercoiled state, always working ahead of the replication fork

Helicase

Follows topoisomerase and unwinds the double helix by breaking hydrogen bonds
between bases, causing the two strands to separate and creating a replication fork

Primase

Connects RNA primer to a strand to initiate DNA replication
Synthesises a short complementary RNA molecule, which binds to DNA, serving as the
starting point for DNA synthesis by polymerase

DNA polymerase llI

Synthesises new DNA strands, using existing strands as a template. Nucleotides are
added to a growing strand from the 3" end

Joins the phosphate group of each nucleotide to the previous one, creating
phosphodiester bonds between these molecules to make the sugar-phosphate backbone

DNA polymerase |

Mainly functions in ‘editing’ - recognises and repairs base pairing errors (exonuclease)
Also has a function in replication (removing primers ahead of the main polymerising enzyme)

DNA polymerase Il

Editing function, but no exonuclease activity

Ligase

Connects and seals the two strands of the DNA molecule and also connects Okazaki
fragments

+  On the leading strand - DNA moves along in the same direction as the developing replication fork, and
nucleotides are added in one long chain.

«  On the lagging strand, DNA is added one ‘chunk’at a time - called Okazaki fragments (about 100-150
nucleotides long) and these are then joined up.

FIGURE 3.16
Enzymes involved in
DNA replication
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Modelling DNA replication using the Watson and Crick model

Following their landmark paper on DNA structure, in 1954 Watson and Crick proposed a mechanism by which
DNA could be copied. This mechanism was based on their DNA model in that each DNA strand could serve as
a template for the synthesis of a new strand. In their own words, ‘prior to duplication, the hydrogen bonds are
broken, and the two chains unwind and separate. Each chain then serves as a template for the formation ... of
two pairs of chains, where we only had one before. Moreover, the sequence of the pairs of bases will have been
duplicated exactly. So the final result is two identical double helix DNA molecules (sister chromatids), each
made up of one old and one newly synthesised strand — a model of semi-conservative replication.

© 1953 Nature Publishing Group. Watson, J. D., and Crick, F. H. C., Nature volume 171, pages 964—967 (1953). doi:10.1038/171964b0. All rights reserved

PREDICTIONS AND VALIDATIONS OF THE WATSON AND CRICK MODEL OF SEMI-CONSERVATIVE REPLICATION

The semi-conservative model that Watson and Crick proposed was tested and validated by scientists using the
DNA of both prokaryotes and eukaryotes.

Scientists realised that, to test the Watson-Crick proposal for DNA replication, they needed to find a way to
distinguish between the old and the newly synthesised strands.

In 1958, Matthew Meselson and Franklin Stahl carried out experiments that supported and verified Watson
and Crick’s proposal of semi-conservative replication of DNA. They used heavy isotopes of nitrogen, which were
incorporated into the nitrogenous bases that would be added to the newly synthesised strand. A centrifuging
technigue was then used to determine the density of the DNA strands, determined by the buoyancy of DNA.
The results of the buoyancy tests supported predictions made for semi-conservative replication.

VALIDATING SCIENTIFIC MODELS

Scientific models are developed to represent an idea, object, process or system that cannot be observed directly.
Models are simplified representations; they do not try to explain every detail in the 'real world' process, object or

idea. Scientists are usually aware of the limitations of the models that they propose and have critically analysed. The
models that are most valuable in science are those that allow us to make and test predictions. If a prediction is made
and the model holds true, the prediction is said to validate the model. Sometimes, as new evidence is found, models
need to change to reflect a more accurate understanding of an idea or process. If a model cannot hold true in the
light of new evidence, the model may be rejected. Models are therefore indicative of the tentative nature of science.

To model DNA replication, showing semi-conservative replication

In this investigation, you are required to generate a model to represent the structure of DNA and the process
of DNA replication. Because each model created will demonstrate only some aspects of the structure and
process, the models built by students will all be different. You will be required to peer assess the models that
you view. You will need to identify the structural and conceptual differences between the models and use your
critical analysis skills to discuss the advantages and limitations of each model.

Working in groups of three to four, build a working model of DNA structure, showing the double helical
nature of the molecule. You need to build a working model with features and spare parts that will be used
by another group to demonstrate how your DNA can act as a template to demonstrate semi-conservative
replication. Your teacher may assign one or two specific features (a to e below) that your model needs to
show, or each group may be allowed to select which features they wish to show.

Using the Internet, carry out research to review different types of DNA models that may be created to show
structure and/or replication. You will discover that models may be created from a wide variety of materials,
from edible models using lollies, to models that use materials such as pipe cleaners and beads, or easily
available recyclable materials such as cardboard and toothpicks, or waste materials such as styrofoam and
plastic. See the online resources linked to this page for ideas. You will also need to analyse models of DNA

Information and
communication
technology
capability
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creative
thinking
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Hypotheses used
to test DNA
replication proposal
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methods used to
test the hypothesis
that DNA replication
is semi-conservative
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replication to determine whether they can be used to demonstrate the feature of replication you have
selected or been assigned.

Your model of semi-conservative replication of DNA should demonstrate some or all of the following:
complementary pairing of bases
creation of Okazaki fragments
unwinding of DNA with helicase action, creating a replication fork
addition of nucleotides by DNA polymerase, using an old strand as a template and creating a new strand
mutation during DNA replication.

Label the structures in the DNA model. Labels should include all the features listed in Table 3.5. In addition
to these labels, also label any additional features, such as enzymes or assigned features.

Common labels: sugar-phosphate backbone, nucleotide, nitrogenous base, hydrogen bond, 3" end, 5" end.

PREPARING YOUR MODEL FOR VALIDATION

Create the following to be placed with your model in the next lesson:
instructions to your classmates on how to replicate your DNA molecule
raw materials, so that another group can carry out the replication process on your model
a copy of Table 3.5, completed to describe the features of your model
a printout of a photograph of your model (before it is replicated).

TABLE 3.5 Key to DNA model
FEATURE MATERIAL COLOUR

Sugar-phosphate backbone

Nitrogenous bases

Hydrogen bonds

One nucleotide

Feature to be demonstrated during replication

Limitations

GROUP ROTATION ACTIVITY: VALIDATING MODELS

Set up your model and provide spare parts and clear instructions for the next group on how to replicate your
DNA molecule. Copy and complete Table 3.5 to accompany your model as a key, identifying what materials
have been used to represent each feature. You also need to provide a printout of a photo of your model.

Rotate groups: A —->B,B—>CC—-D;D—->EE—A

Identify the parts of the DNA model you have rotated to, using the key provided. Take a photo of the
model before you replicate it.

Use the spare parts provided to carry out replication, showing the main feature listed at the bottom of
the table. You may use your textbook to revise exactly what this feature is. Take a photo of the replicated
model. Complete a peer assessment of the model, listing its advantages and limitations.

Move to the next group and take on the proof reading and editing role of DNA polymerase. Check
whether the model has any errors of replication (mutations). Take a photo of the replicated model. Turn the

explanatory table over (or cover it with a piece of paper) so that the next group cannot see it.
al

o‘: Move to the next group and complete a blank copy of Table 3.5 for the model you are viewing. Do not
cheat by turning over the key. Take a photo of the model and your completed table.
Weblink Move to the last model. Compare it with the model that your group made, writing down two similarities

DNA replication
Build strands of
DNA by inserting

complementary EXTENSION

bases
DNA replication — try the DNA replication simulation in class or complete it for homework. (See the weblink.)

and one difference between this model and your model. Take a photo of the model.
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e The two DNA strands unzip for replication.

e DNA polymerases are complex enzymes that move along the DNA molecule, linking nucleotides
to their complementary base partners to make new DNA chains.

e Each strand of DNA is used as a template to make a new, complementary strand - this is known
as semi-conservative DNA synthesis.

KEY CONCEPTS

e Accurate DNA replication is important so that daughter cells have exact copies of the genetic
information for synthesising proteins.

e Some DNA polymerase enzymes have the ability to ‘proof read and edit’ the DNA, correcting its
own errors. There are also complex enzymes to repair other damage to DNA caused by mutagens.

CHECK YOUR
UNDERSTANDING

What is meant by ‘DNA replication?

2 Create a flow chart that accurately shows the steps in the process of DNA replication. Indicate any enzymes
that act at particular steps and what their function is.

3  Whatis an error in the DNA base pairing called and how does it arise?
Why is DNA replication called 'semi-conservative?

The importance of accuracy during
DNA replication

Because the sequence of bases in DNA makes up the genetic code of an individual, exact copying of this
sequence during replication is critical, for two main reasons:

» heredity (inheritance of genes) - the genetic material transmitted from cell to cell (by mitosis) and
from generation to generation (by gametes from meiosis) needs to be accurate
» gene expression (protein synthesis) — the genetic instructions given to a cell to create its structure

Causes of
and ensure its correct functioning must be accurate. mutation and
. . o . . ) o types of mutation
It is therefore very important that no errors are made when this information is replicated. This is are dealt with in
ideli icati more detail in
termed fidelity of replication. Chapter 7

However, studies show that DNA is at constant risk of mutation. It is therefore not surprising to find
that cells have enzymes that are able to repair incorrect base insertions and other DNA damage that may
arise during replication.

Errors in replication

Natural errors that arise at random during DNA during replication are called spontaneous mutations. Other
errors that arise as a result of exposure of cells to environmental factors such as radiation or chemicals are
called mutagenic mutations. Environmental factors such as radiation, chemicals and viruses that change
DNA are called mutagens. As the length of time that the cells are exposed to mutagens increases, and the
intensity of exposure rises, so the risk of mutation also increases.

There are enzymes in cells to repair both types of mutation, but sometimes DNA
errors go undetected and this results in a permanent mutation. This uncorrected
mutation will be replicated in successive divisions and, if occurring in meiosis, passed
on to later generations of individuals.
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DNA repair

The insertion of an incorrect base is common during DNA replication. When this
occurs, a repair enzyme recognises the mismatched base pair, excises the incorrect
base (cuts it out) and replaces it with the correct base. This is called DNA mismatch FIGURE 3.17 An uncorrected mutation in

. . . DNA will be passed on to future generations.
repair and is a function of the enzyme DNA polymerase 1.
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Variation and the
advantages of
biodiversity in terms
of evolution are dealt
with in Chapter 5.

Different types of
DNA damage and
their effects, as well
as DNA repair are
dealt with in
Chapter 7.

-l
4
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Weblink
A comparison of two
major DNA repair
pathways
Analyse the
information in
the diagrams to
understand a visual
representation of
DNA mismatch
repair.

Genes that regulate
cell division to
prevent cancer are
discussed in more
detail in Chapter 15,
pages 525-6.
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AT AT AT However, if a mismatched pair is missed by the enzyme, harm

CG CcG CG . . .. .
s AC .r  mayarise the next time the cell d1V1des: a’nd the DNA replicates. For
TA example, if an error occurs in which a ‘C’ nucleotide is accidentally

TA TA
AT |Error| AT |Rep|ication AT

paired with an A" nucleotide (instead of the correct ‘G’) (Fig. 3.18),

) then the next time this DNA strand acts as a template and replicates,
FIGURE 3.18 Mismatch errorin DNA

replication the error will cause a strand to form that has an incorrect base pair

(AT instead of GC).

This strand is now permanently mutated. The error will not be recognised by a DNA repair enzyme,
because the pairing of bases is not incorrect. However, the sequence of bases within the strand now
differs from that of the original strand. A permanent mutation such as this often has a harmful effect,
but some mutations have a beneficial effect on the organism. Some mutations have no effect at all. It is
important to remember that mutation is a mechanism that can give rise to variation in organisms and
this may be beneficial to a species in terms of biodiversity and evolution.

There are different types of enzymes that carry out repairs on different types of DNA damage, to
ensure accurate replication and normal functioning of cells.

Now that you understand the structure of DNA and its ability to serve as a template during replication,
you might ask how the genetic code actually works. The answer lies in the production of proteins.
Enzymes are proteins; they control the synthesis of cell materials and the biochemistry (metabolism)
within each cell and within the whole organism. Besides storing exact copies of instructions in every cell,
the sequence of bases in DNA also plays a vital role in the translation of the genetic code into proteins.
In multicellular organisms, different genes are activated and expressed in each type of cell. The entire
genetic code passed on to each cell must contain a full and accurate set of instructions, so that when the
relevant gene is activated, it functions correctly to make proteins that determine the type of cell it will
become. The activation of genes is regulated by other molecules, such as enzymes (which are proteins),
and therefore they also need to be accurately coded for by DNA. Errors in genes that control the cell cycle
may lead to changes in cell division and cell death, leading to cancer. Mismatch repair of these genes is
particularly important (Fig. 3.19). Replication errors in genes that code for DNA repair enzymes are also

linked to cancer.
o
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M (mitosis) (cell growth) .

FIGURE 3.19
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during replication
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e Accurate DNA replication is important for two main reasons:
- heredity: the genetic material of a cell must be transmitted accurately, from:
m one cell to another during mitosis, allowing growth, repair and maintenance of an organism

m one generation to another during meiosis (e.g. when gametes are formed for sexual
reproduction)

- gene expression: the genetic material of a cell must be transmitted accurately to give the

correct instructions to a cell to ensure the correct structure, functioning and behaviour of an
organism, essential for its survival.

KEY CONCEPTS

CHECK YOUR
UNDERSTANDING

Explain the importance of having inbuilt mechanisms for correcting mistakes in DNA replication.
Distinguish between a spontaneous mutation and a mutagenic mutation.
List three mutagens.

How is an error in replication, such as a mismatch repair, corrected?

S1 N WO NN =

How could an error in DNA replication end up affecting a whole organism?

The continuity of species

Allliving organisms arise from other living organisms. The continuity of species refers to the ongoing
survival of species as aresult of characteristics being passed from parents to offspring in a continuous
lineage. This inheritance of characteristics from ancestors to currently living organisms relies on

the passing on of consistently accurate genetic information (genetic stability) and the occasional 8

introduction of variation of some genetic information, so that species can adapt and survive in a '|:
changing environment.

Accurate DNA replication brings about genetic stability, whereas mutation results in genetic eblink
variation. Although variation is important for evolution of species, genetic stability is important continuity

for the survival of the individual. Both genetic stability and variation play a role in ensuring the
continuity of the species.

Genetic continuity

Genetic continuity is a way of preserving genetic information across generations
and is dependent on two things:
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» when a cell divides by mitosis, the resulting two daughter cells must have the
same number and type of genes as the original cell.

» when two sexually reproducing organisms breed, the resulting offspring must
have the same number of genes as the parent organisms and variations in these
genes must not be extremely detrimental or lethal.

Genetic continuity ensures continuation of a species, because it ensures that
new cells or organisms have all the genes they need, in working order, to survive. A
lack of genetic continuity results in disease and sometimes in death and extinction.

FIGURE 3.20 Genetic continuity across
generations

Ensuring the continuity of species — genetic stability

In asexual reproduction, offspring inherit identical characteristics from one parent if replication is
consistent. In sexually reproducing organisms, offspring inherit a mix of characteristics from two
parents.
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In both cases, the correct number of chromosomes and
characteristics are passed on in family lineages. At a genetic level,
stability arises when chromosomes are replicated accurately to
give rise to identical daughter chromosomes.

For continuity at the species level, successful desirable traits
must be passed on, along with some random errors (chance
errors may be introduced by mutation). This allows a species
to evolve if an environmental change occurs. Natural selection
acts so that individuals in a population that are best suited to
the environment survive and reproduce, passing on their genes
to their offspring. This mixing of parent genes during sexual
reproduction, including some that have arisen due to mutation, increases genetic diversity and helps
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FIGURE 3.21 Genetic continuity at the species level involves
conservation of diversity of traits.

maintain continuity of the species.
The mechanisms that have evolved to ensure genetic continuity (passing on of genetic traits) and the
survival and continuity of species include:

»  consistent replication prior to cell division (mitosis and meiosis)

» an orderly distribution of chromosomes when cells divide and when gametes form

» fertilisation methods that ensure that individuals of the same species breed successfully

» methods to ensure embryo survival, such as production of large numbers or protection
and nourishment of developing embryos and parental care

» natural selection so that the fittest survive to reproductive age and pass on their genes.

Mechanisms that result in genetic variation in species include:

» mutation - changes in DNA due to mutation may be spontaneous or mutagen-induced

» mixing of parental genes during sexual reproduction (brought about by crossing over
and independent assortment during meiosis, and random fertilisation of gametes).

Genetic errors that threaten the continuity of species

You have learned that many variations that arise due to spontaneous changes in DNA are temporary and
are immediately corrected by enzymes that bring about DNA repair. The number of DNA repair enzymes
present in cells is an indication of how important accurate replication and DNA repair are for survival.
In humans, a range of diseases have been linked to the reduced ability of cells to repair DNA during or
after replication. Research shows that people who have a reduced ability to repair DNA tend to be more
susceptible to some cancers. A decrease in the ability of cells to repair DNA during replication is also
thought to be responsible for accelerated ageing and may give rise to neurodegeneration. There is a great
deal of current research in this area.

When a mutation is present in a DNA repair gene, the gene may be expressed in an altered form
or not expressed at all. For example, it has been found that people who have the disease Xeroderma
pigmentosum (XP) are unable to repair DNA and so they are more vulnerable to DNA damage from
ultraviolet rays and, as a result, to skin cancer. Recent research shows a link between germline mutations
in DNA repair genes and lethal forms of prostate cancer. Research in animal embryology shows that if
one of the genes for DNA repair (the base excision repair gene) is missing, this results in the death of the
embryo. Mutations such as these are termed lethal mutations.

Genetic information can only be stored in a stable form and passed on consistently if DNA repair
enzymes continuously scan the DNA for errors in replication and replace incorrect or damaged
nucleotides. Natural selection is a mechanism that ensures individuals carrying damaged genes are
removed from populations so that the continuity of species is not at risk.
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Literature review of the effect of cell replication processes on the
continuity of species

Assess the effect of cell replication processes on the continuity of species.
Present your findings in the form of a literature review.
Acknowledge and evaluate your sources.

You will complete secondary-source research to review the effect of accurate replication as opposed to
inaccuracies in replication on the continuity of species.

PART A: RESEARCH

Focus question: In what ways do cell replication processes support or threaten the continuity of species?

Draw up a chart in which you list the following in relation to the focus question:

What you know: list any facts relevant to the topic that you have learned during this section of the course.

What you think you know: list anything based on prior knowledge, or that you think you understand.
What you need to find out: outline some research questions (key concepts) and write some key words.

Read the articles listed in the weblinks provided and find your own articles, and use these to gather valid
and reliable information relevant to your research questions.

Interpret and analyse your search results. (You may need to modify your search strategy as you go.)

Make a judgement and use your findings to support your concluding judgement in answering the focus question.

PART B: PRESENT YOUR FINDINGS

Write a literature review of approximately 400 words (page 9), with:
an introduction, where you define the topic
a body, where you group the literature and your findings according to common themes

a conclusion, where you explain the link between your research question and the literature you have
reviewed, creating an evidence-based argument.

PART C: ACKNOWLEDGE SOURCES

Acknowledge and evaluate your sources using an accepted referencing style.

e Genetic continuity relies on:
— consistent replication of genetic information that is passed from a parent cell to daughter
cells, resulting in continuity in the traits being passed from parents to offspring

- the effect of natural selection and evolution on the gene pool as a result of:
m introduction of variation during sexual reproduction
m random errors arising by mutation, being replicated and passed on to offspring.

KEY CONCEPTS

e Random variations that confer an advantage may be selected over those that confer no
advantage or are harmful.

1 Explain the role of DNA replication in:
a maintaining genetic continuity in a species b introducing genetic variation in a species.

2 Explain how natural selection can remove harmful variations from a species.

Literacy

Information and
communication
technology
capability

«l
o‘:

Weblink
Threats to genetic
continuity

«l
o‘:

Weblink
What happens
when mitosis
goes wrong?

«l
4
O‘.

Weblink
Cancer-specific
defects in DNA
repair pathways

-l
o‘:

Worksheet
Evaluating resources

Evaluate your
sources using the
CRAAP technique.
(See page 10.)

CHECK YOUR
UNDERSTANDING
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PROCESSES INVOLVED IN CELL REPLICATION: MITOSIS AND MEOISIS

Roles in life cycle Importance of mitosis and meiosis
- '/r
I/v/ \I’——'\ i MItOSIS
\g/ Fusion to s .

Embryonic development: zygote —> blastula —> embryo

(
form zygote Zygote (2n) \ i
(nto2n) e = Growth of multicellular organisms — meristem (plants); stem
cells (animals)

Egg (n) Sperm (n)

(/‘\) ‘ Z!%\ Juvenile (2n)

NP Meiosis r
(2nto n) r
$

Mitosis
(differentiation
and growth)

= Tissue maintenance and repair

= Asexual reproduction and genetic stability in populations

Meiosis ..
@nton) Meiosis
= Production of gametes

= Halving the chromosome number
Adults (2n)

Haploid stages = Introduction of genetic variation
Diploid stages

Go
Cell cycle stops

o

G - cell growth
Cellular contents,
excluding the S— synthesis

e, chrodmo‘s.ome;, Each of the 46
L O] } @ are duplicate chromosomes is
duplicated by the cell

@ Cytokinesis
Cytoplasm

The cell cycle

divides
M- mitosis
Nucleus G, - 'proof reading’
divides The cell checks the

duplicated chromosomes
for errors, making
any needed repairs

Stages of mitosis

P Interphase - DNA replicates
. Prophase — chromosomes appear and split into chromatids
Metaphase - chromosomes align on equator
>

Anaphase & telophase - daughter chromosomes segregate

m ( . and move to poles
- Cytokinesis — cytoplasm divides
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Sugar-phosphate backbone’

Hydrogen bonds between
nitrogenous bases

-
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Semi-conservative DNA replication

\\
DNA STRUCTURE AND REPLICATION: THE WATSON CRICK DNA MODEL
Nucleotide composition, complementary base pairing and bonding
Nucleotide = phosphate — sugar — nitrogenous base
Nitrogenous base pairing:
adenine + thymine; cytosine + guanine
Bonds = weak hydrogen
Complementary Original
chains of DNA DNA helix
Replication
fork
Pool of [}
nucleotides
2 yd
s Building
: units
DNA X 2y A P DNA
polymerase ¥ polymerase

= DNA unzips and a replication fork can
be seen.

= Fach strand acts as a template.

= DNA polymerase adds nucleotides
from 3'to 5'end.

= New molecules consist of one old
and one new strand.

Ensuring exact replication (enzyme regulation)

Primase adds a short
primer to template strand.

Helicase unwinds Binding proteins stabilise
parental double helix. the strands.

T o TN

TRRNT

DNA polymerase binds Exonuclease removes
nucleotides to form RNA primer and inserts
new strands. correct bases.

Ligase joins Okazaki
fragments and seals nicks in
sugar-phosphate backbone.

Okazaki fragments
joined on this
strand by ligase

Template

New
chain

Leading Lagging strand

strand

3'end 5'end

Original
complementary strands

Accurate DNA replication ensures the
survival of the species.

“IIII' G
r M (mitosis) (cell growth)
S (synthesis) .
Mismatch repair\ @ ? @ Go (resting)
genes code for enzymes that

Modifier genes
influence cell function

Oncogenes
promote cell growth

correct replication errors Suppressor genes

inhibit cell cycle and
promote apoptosis
(programmed cell death)
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(3) CHAPTER REVIEW QUESTIONS @

Name the three types of cell division found in all living
organisms and the purpose of each.

|dentify the components of chromatin.

Explain why chromosomes are only visible during cell division.

Name the phases of the cell cycle and outline what
happens in each phase.

Give three reasons why it is important for the cell cycle to
be regulated.

The graphs in Figure 3.22 show cell volume (the size of a
cell) and the amount of DNA in a cell at various stages of
the cell cycle.

a How many cell cycles (cell divisions) has the cell shown
in the graphs completed? Justify your answer.

b Explain the change in the amount of DNA during the
cell cycle, as shown in the lower graph. Use correct
terminology for the phases of the cell cycle and the
stages of mitosis.

[
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Review quiz

¢ Draw a sequence of diagrams of a dividing cell (to
scale) to show how the cell changes in cell volume
during the process of mitosis and use data from the
graph to justify your explanation.

Describe the relationship between the cell volume and
the amount of DNA in the cell.

e The cell volume graph is divided into ten units of time.
At what time does cytokinesis occur? (Express this in
numbers of time units.) Give a reason for your answer.

7 Distinguish between mitosis and cytokinesis.

8 Explain why it is important for DNA to replicate before cell

division.

9 Draw and label a diagram of an RNA nucleotide.

10 State the rule of base pairing of nitrogenous bases in a

DNA molecule.

Amount of DNA

FIGURE 3.22
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1"
hereditary material in cells.

ot

1902
Sutton
and Boveri
propose
chromosome
theory of
heredity

1865
Mendel
documents
patterns of
heredity in
pea plants

1927
Muller

X-rays
induce
mutations

shows that

1930s
Hammerling
shows that
hereditary
information
is contained
in the nuclei
of eukaryotic
cells

McClintock
demonstrates
genetic
recombination
in corn

=

|
1915
Morgan
and his ‘Fly Room'
colleagues confirm
the chromosome
theory of heredity

1869
Miescher
first identifies
DNA ('nuclein’)

I
1928
Griffith’s
‘transformation
experiments’
transform
non-pathogenic

1941
Beadle
and Tatum
describe the
‘one gene-one
enzyme'

1944
Avery,
McLeod
and
McCarty
show that
DNA is the
‘transforming
principle’
responsible
for heredity

Based on the timeline in Figure 3.23, create a table to summarise the contributions made by scientists in the discovery of the

1952
Hershey
and Chase
use radioactive
labelling to
prove that DNA
is responsible
for heredity

1990s
Genome
sequencing
projects
begin

l

1950
Chargaff
discovers

that A=T
andC=G
(Chargaff's

1953 1961
Watson Jacob

and Crick and
propose Monod

the double propose
helix the

Library; Bottom: Alamy Stock Photo/Paul Fearn; The History Collection/Alamy Stock Photo

structure existence
of DNA of mRNA

bacteria strains rules)

to pathogenic

hypothesis

Archives, Kansas City, KS; Hulton Archive/Getty Images; PF-(bygone1)/Alamy Stock Photo; Bettmann/Getty Images;
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FIGURE 3.23 Timeline of contributions by scientists to our understanding of genetics and inheritance

12 List two hypotheses that Watson and Crick tested when
creating the models listed below, and explain how their
findings supported their hypotheses:

a DNA structure

b DNA replication.

18 Explain the following features of the Watson and Crick
model of DNA, supplementing your explanation with
simple diagrams where necessary:

a nucleotide composition
b nucleotide pairing

Explain how nucleotides are added to both strands ¢ nucleotide bonding.

during DNA replication. Use a diagram to illustrate

your answer.

Assess the effect of the following processes on the
continuity of species:

Predict the DNA sequence for a complementary strand
of DNA made from the following sequence of bases:
AATTGGCTGACGAATCAT.

DNA replication
action of polymerase enzymes during DNA replication

separation of daughter chromatids during mitosis
Outline the role of four named enzymes in cell

formation of identical cells in multicellular organisms
replication.

cell replication in unicellular organisms
Explain why DNA replication is referred to as 'semi-

' Tep replication of cell organelles during G, phase.
conservative'replication.

Answer the inquiry question at the start of this chapter: How
important is it for genetic material to be replicated exactly?
Use information from this chapter to support your answer.

Explain, giving examples, the importance of exact
replication of DNA in cell division and explain the role
that enzymes play in ‘proof reading’the molecule after

replication. bl

&
O‘.

Exam
preparation
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Students:
= construct appropriate representations to model and compare the forms in which DNA exists in eukaryotes and
prokaryotes
Why is polypeptide model the process of polypeptide synthesis, including:

synthesis important? transcription and translation
assessing the importance of MRNA and tRNA in transcription and translation

analysing the function and importance of polypeptide synthesis
assessing how genes and environment affect phenotypic expression

investigate the structure and function of proteins in living things

Biology Stage 6 Syllabus © NSW Education Standards Authority for and on behalf of the Crown in right of the State of New South Wales, 2017
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Assessments 4.4 Secondary source investigation to assess
how genes and environment affect gene
expression

® Review quiz 4.5 Secondary-source investigation into protein
® Exam preparation structure and function

® Chapter review

Investigations Worksheets
41 Modelling DNA in prokaryotes and ® The process of protein synthesis
eukaryotes ® Protein synthesis presentation

4.2 A practical and secondary-source ° e i ot ;
investigation to model polypeptide synthesis E;}cger?tswn. IneeiEEuhEeep et 19

4.3 A secondary-source and practical Epigenetics: chemical modification of gene
investigation into the effects of environment pig . g

- . expression that may be inherited
on gene expression and resulting phenotype ) . @
Protein revision

To access these resources, visit

:I‘: N e I-SO n M | ndTap cengage.com.au/nelsonmindtap

Have you ever wondered how our genes give us visible features? How they
play a part in determining characteristics such as height and build, eye
colour and skin colour - and what influence, if any, the environment has?
To understand the continuity of life at the organism level, we need to explore
how genes translate into physical and behavioural features in our bodies and
chemical structures such as proteins in our cells.

Asyoulearnedin the previous chapter, the continuity oflife describes how
new organisms arise from living organisms of the same type. The continuity
of life is maintained at the cellular level by cell division (mitosis and meiosis)
and at the molecular level by DNA. At the whole-organism level, continuity
of life depends on physical and chemical features in organisms that result
when the instructions in DNA are translated into proteins.

Questions in science drive research. After the structure and mode of
replication of DNA were discovered, the next questions asked were:

» Isthe genetic code universal?
» Are the structure and function of DNA in prokaryotes the same as in

o FIGURE 4.1 DNA base sequences are expressed
eukaryotes? as proteins.

» How does the coded sequence of nucleotides in DNA produce proteins?

Research into gene functioning continued after the development of the Watson and Crick model
and the more scientists learned, the more they wanted to find out. Scientists began investigating gene
regulation — how and why some genes ‘switch on’ to produce a product in some cells and not in others.
For example, why is it that skin cells make the pigment melanin, but bone cells do not? And why is it that
bone cells make bone, but skin cells do not?

In this chapter you will study DNA in prokaryotes and eukaryotes, and how DNA codes for proteins.

DNA in prokaryotes and eukaryotes

The basic principles of molecular biology and genetics apply to both prokaryotes and eukaryotes, and
genetic evidence points towards all present-day cells having evolved from a common ancestor. The
genetic code is universal - the same nucleotide base-pairing code is used in all living organisms, both
prokaryotes and eukaryotes, to instruct protein synthesis. Both types of cells use a similar mechanism to
translate information from DNA into polypeptides and proteins within the cell.

The basic principles learned from experiments performed with one type of cell have been found to
apply to other cell types. This has led to a common model system used in the study of molecular biology,

Gunilla Elam/Science Photo Library
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whereby the study of the functioning of genes in simple cells is also applied to more complex organisms.
The bacterium E. coli is commonly used to study genetics at the molecular level. These bacteria grow
easily, divide every 20 minutes when kept at 37°C and model the same type of translation (how mRNA
is decoded for the production of proteins) as eukaryotic cells. The metabolism of E. coli is very precisely
regulated and soitis an ideal example for molecular biologists to use in experiments to research how genes
are regulated and expressed. The main differences between bacterial genetics and that of eukaryotes is
at the level of gene expression (how instructions in DNA are converted into a product such as a protein).

Cell wall Ribosomes

Pili

The DNA of prokaryotes and eukaryotes is chemically
the same, but it differs in how it is structurally arranged
into chromosomes and packaged inside the cells. Its
location inside these cells is also different, and there are

slight differences in the processes of DNA replication and

transcription (how instructions in DNA are used to make
mRNA and initiate protein synthesis).

Location and structure

As you learned in Year 11, prokaryotic cells are ‘primitive’
cells with a much simpler structure than eukaryotic
cells. They contain a single chromosome in the form of

Bacterial a circular strand of DNA (Fig. 4.2). This chromosome has

flagellum no membrane around it and floats in the cytoplasm, in

Cytoplasm a dense rogion known as the nucleoid.. The DNA.codes

Capsule Chromosome Plasma Plasmid: for prote?ns that will be made on ribosomes in the
membrane DNA surrounding cytoplasm.

The circular, double-stranded prokaryotic DNA is not

:Ila‘il::i‘:s’--z A prokaryotic cell, with DNA in a chromosome and in a helix, but two circles of single-stranded DNA twisted

around each other like two pieces of string, each joining
at its own ends. The direction and number of twists
contributes to the coiling and supercoiling of circular DNA.

Non-chromosomal DNA

Prokaryotic cells may have one or more small rings of non-
chromosomal DNA, called plasmids, floating separately in the
cytoplasm (Fig. 4.2). The genes on these plasmids code for features
that are not essential to the survival of the cell, but often provide
bacteria with a selective advantage, such as resistance to antibiotics.

Dr. Gopal Murti/Science Photo Library

Plasmids replicate independently of the chromosome.

Packaging of prokaryotic DNA

The circular chromosomal DNA of prokaryotes is about
1300pm in length. It needs to fit into a cell such as
E. coli,whichis only about 3 pm in length. When £. coli DNA is isolated
intact, the circular DNA is found to be supercoiled and forms loops
around a central protein to form a nucleoid. The dense protein differs
from the histone proteins that package DNA in eukaryotic cells. The

dense protein is sometimes referred to as the scaffold (Fig. 4.3).

FIGURE 4.3 Electron micrograph of a ruptured E. coli
showing a nucleoid - looping strands of DNA around a Prokaryotes have evolved over millions of years, having been
central protein (scaffold)

exposed to many and varied selective pressures. Scientists believe
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that, as a result, they have evolved a more refined mechanism for regulating gene expression (an operon
system) than complex eukaryotic organisms such as humans.

Eukaryotic DNA is located in a membrane-bound nucleus within the cell. Individual DNA molecules are
arranged into a number of separate chromosomes, and each chromosome is larger and more complex than
the chromosome in a prokaryotic cell. The DNA of a single chromosome in the fruit fly Drosophila is 1.2cm
in length. Each human cell contains approximately 2 metres of DNA arranged as a total of 46 chromosomes.

Although eukaryotes have many more chromosomes than prokaryotes, the number of chromosomes
is not a measure of how complex the organism is. For example, the Chinese giant salamander has
60 chromosomes, but is less complex than a human (Table 4.1).

TABLE 4.1 Chromosome number in eukaryotes

ORGANISM NUMBER OF CHROMOSOMES (2n)

Fruit fly (Drosophila melanogaster) 8
Eastern grey kangaroo 16
Earthworm 36
Cat 38
Peanut 40
Human 46
Orangutan 48
Platypus 52
Sheep 54
Chinese giant salamander 60
Horse 64
Black mulberry 308

In most eukaryotic cells there is a large proportion of non-coding DNA (DNA that is not used directly
to make products such as proteins or RNA) in sequences called introns. In humans, only 3% of DNA is
coding DNA (DNA that contains sequences that code for products such as proteins or RNA). These coding
sequences in DNA are called exons. The exact function of non-coding DNA is still being researched; it
is thought to play a role in the spatial organisation of genes as well as in the control of gene expression.
Introns are almost never found in prokaryotes. There are two schools of thought on this — introns may
have accumulated during the evolution of eukaryotes, or they may have been lost from prokaryotes as
they evolved, simplifying their genome to allow them to divide rapidly.

Packaging of eukaryotic DNA

The DNA of eukaryotes is linear rather than circular and it also winds around proteins (called histones)
tightly, but it does not supercoil. It coils in a way that forms nucleosomes - bead-like structures made
up of long sequences of DNA wrapped around eight histone protein cores, similar to the way cotton
is wrapped around a cotton reel (Fig. 4.4). Unlike nucleiods, which have only one type of protein, there
are five main types of histones in eukaryotic cells, and all play a role in packaging DNA. DNA has a
series of folding patterns, around different histones. Histones contain a large number of positively
charged amino acids, which allow them to bind to the negatively charged phosphates of DNA. As a cell
progresses through the cell cycle, the nature of chromatin changes (page 84 and Fig. 5.3, page 152) and
these changes are thought to be linked to histone binding.

The effect

of histone
binding on gene
expression is
dealt with on
page 131

(Fig. 4.21).
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FIGURE 4.4 Eukaryotic DNA: a DNA coiled into nucleosomes; b top: a chromosome, showing chromatin; bottom: nucleosomes condensed into chromatin

Non-nuclear DNA in eukaryotes

Mitochondria and chloroplasts are organelles in eukaryotic cells that contain their own DNA. This DNA,
referred to as non-nuclear DNA, is inherited independently of nuclear (chromosomal) DNA. Non-nuclear
mitochondrial DNA [(mtDNA)] is found in the respiratory organelles of cells. The discovery of mtDNA has
proved extremely useful in studies of evolutionary relatedness.

mtDNA can be used to trace maternal inheritance. During sexual reproduction, the egg and sperm
each contribute half the zygote's total DNA. However, sperm cells have very little cytoplasm and the larger
egg cell therefore contributes all the cytoplasm (and the organelles within it, including mitochondria).
Because mitochondria have their own mtDNA and replicate independently of the nucleus, all
mitochondria in a female lineage possess identical mtDNA (unless there is a mutation).

Mitochondrial DNA (mtDNA) is a very small (70 nm in diameter), circular molecule with only 37 genes
(Fig. 4.5). Thirteen of these genes make proteins that function in the electron transport chain during
chemical respiration in mitochondria. The other 24 genes make RNA molecules (22 make tRNA and
2 make rRNA, which you will learn about later in this chapter).

Each mitochondrion contains about 5-10 circular DNA molecules and each cell has between 100
and 1000 mitochondria. As a result, small samples of tissue yield a large amount of mtDNA. This DNA

is easy to sequence because it

= RNA Cytochrome b is so short (16500 base pairs in
s humans), compared with nuclear
DNA (around 3 billion base pairs in
Weblink Non-coding
Human ancestry region humans)‘
testing The rate of mutation of mtDNA

Read about mtDNA
used to determine
human ancestral lines.

is about ten times that of nuclear
DNA.

dehydrogenase Sequencing of mtDNA is used
more often than sequencing

Cytochrome ¢
oxidase

ot tRNA

o of nuclear DNA, because the
increased variability of mtDNA

Weblink makes it very wuseful for

Forensics and mtDNA
Read about mtDNA

used in human . )
identification. relatedness testing) as well as for

FIGURE 4.5 A model of a mitochondrial DNA molecule, showing forensic bio]ogy (identity testjng)
some genes (70 nm diameter)

evolutionary studies (such as

and human ancestry studies.
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The use of mtDNA is of advantage, because mitochondria: .
Mixing of paternal

are inherited only from the mother, which allows tracing of a direct genetic line and maternal
genes during
crossing over in

formation and fertilisation) meiosis is dealt
. . with in Chapter 5.
occur in large numbers in every cell, so they are easy to access and sample

do not combine paternal and maternal genes, as nuclear DNA does (mixing genes during gamete

evolve very quickly because mtDNA does not have repair enzymes, and so mutations arise often

«l >
during replication. T
You may wonder how;, if mtDNA can undergo so many mutations, the mitochondria are still able to -
Weblin!
function. Most changes in mtDNA are in sequences that do not code for proteins and so those mutations Mitochondrial
are usually not harmful. In some instances, if mutations occur in DNA that does code for respiratory pehpease

mitochondrial
disorders, genetic
testing and diagnosis.

proteins, mitochondrial disease may result. (See the weblinks for more information.)

e Nuclear DNA is present inside the nucleus of each of our cells, and has about 3 billion base
pairs and around 20000 protein-coding genes.

e The mitochondrial genome exists outside the cell nucleus, and has 13 protein-coding genes,
24 genes coding for RNA and about 16500 base pairs.

KEY CONCEPTS

e mtDNA has a higher rate of mutation than nuclear DNA, making it easier to identify differences
between closely related individuals.

e mtDNA is used to study evolutionary relatedness, construct evolutionary trees, investigate
family relatedness and identify people in forensic science.

Modelling DNA in prokaryotes and eukaryotes

Scientists have used several kinds of cells and organisms as models, to try to investigate and explain aspects Information and
of molecular biology such as DNA structure and replication, and its role in gene expression. In simple cells or Escfmoﬂgg;“m
organelles that have their own short, single molecule of DNA, the features of DNA are much easier to study. capability

Initially molecular biologists used these simple cells as experimental models to work out how DNA functioned.

As technology improved and biologists gained a greater understanding of DNA structure and functioning, they

moved on to studying similar processes in more complex cells to find out whether they followed the same pattern.
Table 4.2 outlines the features of some simpler cells and organelles that make them particularly

advantageous as experimental models.

TABLE 4.2 Genomes used as models for studies of molecular genetic mechanisms, compared with the human genome

mtDNA (HUMAN) PROKARYOTE (E.coli) YEAST (S. cerevisiae) EUKARYOTE (HUMAN)

Genome size (base pairs) + 16500 4.6 million 12 million + 3 billion
Number of genes 37 +4300 +6000 +20000
Types of proteins encoded 13(and 24 RNAs) 4000 5000 100000
Number of chromosomes 1 1 16 46
Significance of genome for | Maternal inheritance allows study Small size makes Three times larger Complex and large
study of direct lineages. High rate of analysis easy. than E.coli, but amounts of non-

substitution mutations makes much simpler than coding DNA makes

it easier to distinguish between humans. it more difficult to

individuals. study.
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FIGURE 4.6 aLinear DNA of eukaryotes and b circular DNA of prokaryotes

-l
'|: You are required to use a model to describe, simplify, clarify and/or provide an explanation of the
structure of DNA in eukaryotes and prokaryotes. Make sure you consider which features of DNA you
‘(’:Vel':'“nk intend demonstrating in your model (benefits of the model) and which features you will not be showing
ells as . . .
experimental models (limitations of the model).
for molecular biol ) ) . N ) . . :
°Lr";:;§§t2; Slfci,gy Write up your investigation as a scientific report, under the headings: Aim, Materials, Risk assessment
as iv‘;‘x;g‘a’fg‘gh and safety, Method, Results (the model itself), Discussion (benefits and limitations of the model) and
eukaryotes such as Conclusion.
yeast, fruit flies and . .
many others Peer review the models produced by at least two other groups of students. Using what you have learned
from these models, the information you have researched and information in this textbook, draw up a table
o to compare the forms in which DNA exists in eukaryotes and prokaryotes.
» ompare under the following headings:
%3 C DNA under the following heading
Chromosomal structure
Weblink .
Comparison of Packagmg
karyote and
ZL‘LS%??SSA Genetic information stored.
RESOURCES
-l . . .
o‘: Use the weblinks as a starting point for your research.
EXTENSION
Weblink ) ) ) ) )
The complexity of In your model, include one aspect of the functioning of DNA (such as replication and/or the start of
eukaryotic genomes . .
polypeptide synthesis).
E e Prokaryotic DNA is a circular, double-stranded DNA molecule, supercoiled to form a nucleoid
S and found in the cytoplasm.
=
il ® Eukaryotic DNA is a linear double-stranded helix wound around histones to form
o nucleosomes.
Y4

e Eukaryotic cells also have non-nuclear DNA, such as mtDNA in mitochondria in the cytoplasm.
Prokaryotic cells have non-chromosomal DNA in the form of plasmids.
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Explain the meaning of the following terms:
a gene expression

b genome

¢ nucleosome

d nuceloid.

Explain what is meant by the statement: 'The genetic code is universal.

Give one similarity and two differences between prokaryotic and eukaryotic chromosome structure.
Compare the structure and functioning of non-chromosomal DNA in eukaryotes and prokaryotes.

g1 N WO DN

Calculate the length of one human chromosome in comparison with the chromosome of a fruit fly.

CHECK YOUR
UNDERSTANDING

Polypeptide synthesis

In the 1950s, Francis Crick proposed that DNA led to the formation of RNA, which in turn led to the
synthesis of proteins. Experimental evidence supported his proposal. The ‘flow of genetic information’
became known as the ‘central dogma of molecular biology” (Fig. 4.7). In 1961, Francis Crick and Sydney
Brenner provided the missing link to decoding DNA, with their discovery that genes use three-letter
‘words’ or triplets of bases called codons to code instructions for each amino acid in a protein chain.

FIGURE 4.7 The

central dogma of
DNA  ===) RNA  ===mmm==l)  Protein molecular biology -
a summary of the
flow of genetic
information resulting
in gene expression

Replication Transcription Translation

Scientists already knew that polypeptides were chains of amino acids and that these polypeptides
joined to form proteins. It took about five more years to reveal specifically which triplet coded for which
particular amino acid. In 1968, Marshall Nirenburg received a Nobel Prize for his work in cracking the
genetic code for protein synthesis, listing the 60 triplets that code for each of the 20 amino acids in
proteins (Fig. 4.15, page 125).

A polypeptide is a molecule made up of a chain of many amino acids, joined by peptide bonds
(Fig. 4.8). There are about 20 different amino acids that can be linked together in a linear sequence, to
form chains of up to 300 amino acids in length.

FIGURE 4.8 Amino
A P N
- mlno acid eptide bond _O- y acids joined together
3 : : : by peptide bonds

form the polypeptide
chains that make up
\ 7 /

\ proteins.
n A \- 7/

Assumed
knowledge: refer
to Biology in
Focus Year 11,
Chapter 3,
Section 3.2, Cell
requirements:
proteins and
nucleic acids.
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One or more polypeptides twist and join together into a particular three-dimensional shape, forming
proteins in cells. The sequence and arrangement of amino acids determines the configuration of the
protein (Fig. 4.9). Any change in the amino acid sequence may result in a change in the shape of the
protein molecule and this could affect the ability of the protein to carry out its function in the cell.
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FIGURE 4.9 A protein, the hormone insulin: @ a simple model showing that insulin is made up of two polypeptide chains
joined at the points indicated (see red arrows); b a 3D molecular model of the structure of insulin

The ‘gene concept’ in molecular biology is that genes in a cell contain all the information for the
synthesis and functioning of cellular components. When the end product of a gene has been made by
the cell, we say the gene has been ‘expressed’. In specialised cells in multicellular organisms, only certain
genes are expressed in each cell type. Coded instructions for the production of a particular protein
(or group of proteins) are said to be ‘switched on’ in the DNA of that cell. This ensures that each cell
develops the necessary structures, in keeping with the type of tissue to which it belongs. For example, in
skin tissue, genes for the pigment protein melanin and the protein keratin are switched on in each cell,
ensuring that the cells become skin cells. Different genes are expressed in nerve cells, muscle cells and
bone cells (Fig. 4.10).

Mesenchyma stem cells ‘
/ = \ DNA never leaves the nucleus - the molecules are too large

to pass through the pores in the nuclear membrane. This is

just as well, as DNA molecules hold the original copy of all

Adipocytes Neurons instructions for future generations of cells. In order for a cell to

//// ' make the particular group of proteins it needs, not all the DNA
Usde cells is needed; only the relevant instructions for proteins required in
%@ . that cell are accessed in the DNA nucleotide sequence. Because
Chondrocytes ccna the DNA remains in the nucleus, an intermediate molecule

called messenger RNA (mRNA] is created and this carries a
Osteoblasts transcribed copy of the relevant instructions from the nucleus
FIGURE 4.10 Cells differentiate and specialise as a result of to the ribosomes in the cytoplasm. The ribosomes are the cell
gene expression. ‘machinery’ that subsequently translates the message carried by

the mRNA into a cell product such as protein (Fig. 4.11).
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1. DNA is transcribed s

into RNA.
4. More amino
acids are added.

Nucleus
®\ &
Transcription 5. tRNA breaks
cid.
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FIGURE 4.11 Gene expression involves the information in DNA being decoded during transcription into RNA (1) and
subsequently translated into a product such as a protein (2-4).

Translation

Nucleic acids involved in polypeptide synthesis: DNA, mRNA and tRNA

Two types of nucleic acids are essential in the process of polypeptide synthesis: DNA and RNA. There are
three types of RNA, each with a specific role to play.

DNA

DNA consists of long chains of nucleotides wound into a double helix. The sequence of nucleotide bases
determines the meaning of the message - this is because it codes for the sequence of RNA nucleotides
and, ultimately, the sequence of amino acids that form the polypeptide chain.

RNA

Like DNA, RNA is a nucleic acid made up of a chain of nucleotides, but it differs from DNA in the following

ways:

» Most RNA is single-stranded.

»  The sugar in RNA is ribose sugar (not deoxyribose sugar as in DNA).

»  RNA has the nitrogenous base uracil (U) instead of thymine (T).

There are three types of RNA: messenger RNA (mRNA), transfer RNA (tRNA) and ribosomal RNA (rRNA).

» messenger RNA [mRNA] is single-stranded and is not twisted into a helix (Fig. 4.12a). mRNA molecules
are a few thousand bases long, much shorter than DNA. They are found in both the nucleus and the
cytoplasm. mRNA functions as an intermediate molecule, carrying information from DNA in t<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>